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Once again we bring a selection of the top papers
of the year to give an impression of the diversity,
range and scientific quality of papers in Journal
of Physics: Condensed Matter. The choice is
Professor David Ferry
difficult because JPCM has succeeded in
Editor-in-Chief
attracting many excellent and innovative
authors. Our very fair but rigorous referees have ensured a
consistently high standard of papers in the journal. Many
more papers were singled out with the support of referees
(identifying work of the very highest importance), of readers
(through high numbers of full-text downloads) and of our
Board members (through recommending articles they
found especially valuable) than could be featured here.
All these papers have been chosen for their excellent
science. We should never forget, though, that popular appeal
is also important. This year our most downloaded papers
have discussed the search for a Spiderman suit and the use of
laser Raman scattering to inactivate viruses. In both cases,
the impact in the popular press has greatly outweighed that
from the journal alone. While some may disavow it, the
excitement that can be transmitted to the population at large
through such publicity is often important for drawing more
young people into science.
Picking these two papers for inclusion in this year’s top
papers was easy. It would be nice if the rest of the selection
process were as easy, but of course it isn’t. In the end, it is
hoped that our choice of exciting papers from 2007 are also
of great interest to you, the readers. Moreover, we hope that
these papers give a fair flavour of the range of topics that are
published in JPCM. Clearly they reflect the vigour that exists
in the condensed matter world.
David Ferry
Editor-in-Chief
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Fighting viruses with lasers
A novel technique promises to destroy micro-organisms without damaging human cells

K T Tsen (Arizona State University) and coworkers have developed a revolutionary
method for efficient inactivation of target
micro-organisms which avoids undesirable
side effects. They accomplish this goal
through the proper manipulation of a nearinfrared femtosecond laser via impulsive
stimulated Raman scattering to produce
damage (e.g. on the protein coat of a virus) by
forced resonance.
They measured the near-infrared
femtosecond laser-induced inactivation of
simple viruses and bacteria, and determined
the effects of the laser irradiation on the
viability of mammalian cells. They showed
that if the wavelength and pulse width of the
excitation femtosecond laser are
appropriately selected, a window in power
density exists that enables them to achieve
selective inactivation of target viruses and
bacteria without causing cytotoxicity in
mammalian cells. M13 bacteriophage is
destroyed at about 60 MW/cm2 and E-coli at
about 900 MW/cm2 whereas human Jurkat
T-cells survive up to 20 G W/cm2. This
strategy targets the mechanical (vibrational)

Such a method may be effective against a
wide variety of drug-resistant microorganisms and has broad implications in
disinfection as well as in the development of
novel treatments for viral and bacterial
pathogens. Some of the immediate plausible
applications of this technique in biomedical
research will be the efficient and safe
treatments of blood-borne diseases such as
AIDS and hepatitis, disinfection of blood
supply and disinfection of biomaterials in
hospitals.

Experimental set-up for the inactivation of M13 bacteriophages. M:
mirror; M.O.:focusing lens; S: sample. The magnification shows the
sample area where the laser beam is focused. The cylindrical volume
where the laser beam focuses most tightly defines the active volume
for the inactivation of M13 bacteriophages through the ISRS
process.

properties of micro-organisms, and thus its
antimicrobial efficacy is likely to be
unaffected by genetic mutation in the microorganisms.

Inactivation of viruses with a very low
power visible femtosecond laser
K T Tsen, Shaw-Wei D Tsen, Chih-Long
Chang, Chien-Fu Hung, T-C Wu and Juliann
G Kiang
J. Phys.: Condens. Matter 19 (2007) 322102
(9pp)
Selective inactivation of microorganisms with near-infrared
femtosecond laser pulses
K T Tsen, Shaw-Wei D Tsen, Otto F Sankey
and Juliann G Kiang
J. Phys.: Condens. Matter 19 (2007) 472201 (7pp)

Platinum monolayers for catalysts
DFT calculations show that a Pt monolayer on Fe(001), a potential catalyst for fuel cells, is stable

Polymer electrolyte fuel cells, with their high
efficiency, low-temperature operation, fuel
flexibility and zero-emission, offer a
promising alternative to conventional power
generation systems. One obstacle to their
use is the high cost of platinum used to
catalyze hydrogen oxidation in the anode
and the oxidation reduction reaction in the
cathode. An overlayer structure of Pt on a
non-noble metal has been proposed as a
potential alternative to pure Pt
electrocatalyst.
The structure’s stability is crucial for
potential catalyst applications. H Kasai and
colleagues at Osaka University investigated
the atomic structure and stability of a Pt
monolayer on Fe(001) using spin-polarized
DFT-based total energy calculations. Their
results showed that addition of a Pt
monolayer on Fe substrate completely
removes Fe(001) surface relaxation and
induces minimal disordering of Fe atoms in
the interior region in accordance with
experimental findings. Pt binding on Fe is

4
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Charge density difference (positive) distribution at an isosurface value
of 0.200 eV Å -3 for Pt monolayer on /Fe(001), showing increased
charge distribution within the Pt–Fe interface, more specifically near
Pt atom sites, and bonds indicating strong Pt–Fe binding. Depletion
of charge density is observed in Fe–Fe interfaces.

observed to be stronger than on its
corresponding pure metal slab. Such
stabilization of a Pt monolayer on Fe(001) is
verified by an accumulation of charge
density within the Pt–Fe interface. An
increase in charge density is also observed

within the second Fe–Fe interlayer,
consistent with the contraction of such an
interlayer upon Pt layer binding on Fe.
Stability also requires the understanding
of other non-trivial issues such as the
stability of the structure against adsorbates,
water or an acid environment which may be
considered for a more realistic simulation of
fuel cell operating conditions. This study,
however, presents the stability of the system
with respect to reconstructions and surface
relaxations which clarifies the system’s
structure, thus providing fundamental
insights on which further rational cathode
catalyst design may be based.
First-principles investigation on the
atomic structure and stability of a Pt
monolayer on Fe(001)
M C Escaño, H Nakanishi and H Kasai
J. Phys.: Condens. Matter 19 (2007) 482002
(7pp)
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Ferromagnetic nanorings
Nanometre-sized ferromagnetic rings show novel physics with many potential device applications

Ferromagnetic metal rings of nanometre
range widths and thicknesses exhibit
fundamentally new spin states, switching
behaviour and spin dynamics, which can be
precisely controlled via geometry, material
composition and applied field. Following the
discovery of the ‘onion state’, which
mediates the switching to and between
vortex states, many fascinating phenomena
have been found in these structures.
In this article J A C Bland (Cambridge) and
many co-workers from Europe and MIT,
review their work on magnetic ring
elements. The geometric parameters of ring
elements determine the exact equilibrium
spin configuration of the domain walls of
rings in the onion state; such behaviour can
be understood as the result of competition
between the exchange and magnetostatic
energy terms.
Electron transport provides an extremely
sensitive probe of the presence, spatial
location and motion of domain walls, which

displacement of domain walls by electric
currents, magnetoresistance, the strength of
the pinning potential introduced by
nanometre size constrictions, the effect of
thermal excitations on the equilibrium state
and the stochastic nature of switching
events.
This precise control of the magnetic ring
characteristics makes it a very attractive
geometry for devices, including MRAM and
magnetic sensors.
M–H loop of an array of polycrystalline Co rings, 1.65 Ìm outer
diameter, 350 nm wide, 16 m thick. The insets show schematic
diagrams of the onion and vortex states which are attained during the
magnetization reversal process.

determine the magnetic state in individual
rings, while magneto-optical measurements
with high spatial resolution can be used to
probe the switching behaviour of ring
structures with very high sensitivity. The
ring geometry has been used to study many
magnetic phenomena, including the

Ferromagnetic nanorings
C A F Vaz et al
J. Phys.: Condens. Matter 19 (2007) 255207
(14pp)
This is part of a special issue containing papers
from the European Science Foundation Workshop
on Mott's Physics in Nanowires and Quantum
Dots (31 July–2 August 2006, Cambridge, UK)
J. Phys.: Condens. Matter 19 Number 25.

Complex phase behaviour
Simple model potentials can produce a wide variety of phase behaviour

G Malescio (Messina) reviews the use of
effective potentials as a simple way to
represent complicated interactions. It is
especially relevant to soft matter systems
which generally consist of mesoscopic
particles with supramolecular architecture
largely susceptible to external agents, such as
colloidal systems, polymers, and surfactants.
Soft matter offers the possibility to tune
interactions at a microscopic level. This has
increased the scope of observable phase
phenomena and widened the range of
interaction model potentials of physical
relevance. Such potentials, when applied to
molecular systems, contain, in a condensed
form, information about the internal degrees
of freedom of the macromolecule, so they
may give rise to phase behaviour radically
different from that of typical monoatomic
substances.
The concept of intermolecular effective
potential has proved useful for a broad range
of problems, but as it is based on
approximations that are not always satisfied,
it is inadequate for a number of systems
when ab initio simulations are appropriate.
Although time consuming, these
calculations are intrinsically more accurate
than those based on effective interactions.
As computing power increases, the
usefulness of intermolecular potentials

Spatial configuration for a 2D system interacting through the simple potential u (r) = ⬁ (r < ); -= ⑀( < r <  + ␦), = 0 (r >  + ␦), where  is
the particle diameter and ⑀ is the height of the repulsive shoulder with ␦ = 1.5 , immediately above and below the transition to the stripe
phase.

comes into question. Undoubtedly, the
ability to simulate a phenomenon accurately
is invaluable, and may even provide a
cheaper alternative to experiment, but
reproducing reality is not necessarily
tantamount to understanding it. The ability
to describe a phenomenon using simple
ideas and concepts is the basis for enhanced
comprehension.
Malescio reviews a number of simple
model potentials presenting unusual

features and discusses the role of attraction
and repulsion in determining their phase
behaviour.
Complex phase behaviour from simple
potentials
G Malescio
J. Phys.: Condens. Matter 19 (2007) 073101
(23pp)
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Cloak of invisibility to magnets
Proposal for a cloak to shield an object from DC magnetic fields

In so-called metamaterials the
microstructure is engineered to achieve
properties not found in nature. It is known
that they can cloak objects from microwaves
but B Wood and J B Pendry (Imperial College,
London) have designed metamaterials that
function at very low frequencies, using
superconducting components to control
anisotropic diamagnetism.
They showed that solid cubes of
superconducting material (which is close to a
perfect diamagnetic material) arranged on a
simple cubic lattice with cube size
approaching the lattice constant can achieve
an effective permeability between 0 and 1
but it is not anisotropic. They make the
system anisotropic by flattening the cubes
into very thin plates. There will be no
appreciable electric response perpendicular
to the plates, but parallel to them the electric
response is similar to the cubes. Conversely,
there is little response to a magnetic field
parallel to the plates, and a weakened
diamagnetic effect normal to them. Similar
results are obtained if the cubes are replaced
by spheres and the plates by discs.
To build a magnetic cloak, we need an
anisotropic material which is diamagnetic or
paramagnetic depending on the field
direction. These superconducting

variation in radial permittivity.
Metamaterials at zero frequency
B Wood and J B Pendry
J. Phys.: Condens. Matter 19 (2007) 076208
(9pp)

The proposed magnetic cloak; the shaded region in the centre is
hidden from external magnetic fields. The plates form broken circles
(in cross section); the full circles show the ferrite or amorphous metal.

metamaterials are diamagnetic
perpendicular to the plates and the effective
permeability in this direction can be tuned
by adjusting the plate size and spacing. A
component which will provide an
anisotropic paramagnetic response also
needs to be incorporated. This is achieved by
alternating layers of superconducting plates
with a material with high permittivity, high
resistivity and low hysteresis, such as certain
ferrites or amorphous metals.
The figure illustrates a section through the
cloaking structure. Decreasing the size of
the plates or making the gaps larger as we
move outwards, can achieve the desired

An alternative route to negative refraction is
given by Jingsong Wei and Mufei Xiao, who
consider mixing ferromagnetic materials
with nonmagnetic microscopic particles.
The ferromagnetic material provides the
needed permeability via domain wall
resonances at high frequencies, whereas the
nonmagnetic material gives the required
permittivity. Using effective medium theory,
they found that when the concentration of
the nonmagnetic particles falls into a certain
range, the refractive index of the mixture is
negative. They give the requirements on the
microscopic material properties for the
ferromagnetic materials to reach the domain
wall resonances at high frequencies.
Negative refraction via domain wall
resonances in a homogeneous mixture of
ferro- and nonmagnetic substances
Jingsong Wei and Mufei Xiao
J. Phys.: Condens. Matter 19 (2007) 072203
(7pp)

Flipping spin affects magnetoresistance
Spin flipping at interfaces between two metals has a significant effect on magnetoresistance

While initial analyses of giant
magnetoresistance in ferromagnetic/nonmagnetic metallic multilayers assumed that
the direction of the spin of each electron
stayed fixed as it transited the multilayer, we
now know that this is only true in a certain
limit. Generally, the spins ‘flip’ in a distance
characteristic of the metal, its purity, and the
temperature.
A review by Jack Bass and William Pratt of
Michigan State University describes how to
measure the lengths over which electron
moments flip in pure metals and alloys, and
the probability of spin-flipping at metallic
interfaces. Spin-flipping within metals is
described by a spin-diffusion length which,
in certain simple cases, sets the distance over
which the magnetoresistance decreases
(increases) as the nonmagnetic
(ferromagnetic) layer thickness increases.
Spin- flipping at interfaces between metals
M1 and M2 can be described by a parameter,
␦M1/M2, which determines the spin-flipping

6

C o n d e n s e d M a t t e r : Top Papers 2007 Showcase

their determinations.
Because of both experimental and
theoretical uncertainties, it is important to
compare values for nominally identical
parameters determined in different ways.
Making such comparisons possible is one of
the tasks of this review. The authors
sometimes have clear views as to which of
the conflicting analyses and derived values
are most reliable. They explain their
reasoning, but warn that others will not
necessarily agree.
Lateral (L) geometries for standard and non-local (NL)
measurements. (a) lateral spin-valve film with standard (#1) and
non-local (NL) (#2) current and voltage connections. (b) LNL cross
(LNL/C) geometry with F1 and F2 layers of different widths. (c)
LNL/+ geometry with additional N2 and/or F3 cross-strips. (d)
LNL/TT three-terminal device.

probability, P = 1 – exp(–␦). Increasing ␦M1/M2
usually decreases the magnetoresistance.
The authors list measured values of these
parameters and discuss the limitations on

Spin-diffusion lengths in metals and
alloys, and spin-flipping at metal/metal
interfaces: an experimentalist’s critical
review
Jack Bass and William P Pratt Jr
J. Phys.: Condens. Matter 19 (2007) 183201
(41pp)
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Opening the gate to quantum computing
Electronic structure methods can be used to model the dynamics of two-qubit gates for quantum computing

Just as classical computers use networks of
standard gates to manipulate bits, quantum
computers use networks of quantum gates to
manipulate qubits. But quantum computing
uses entanglement as a resource, the special
quantum dance that correlates the
behaviours of these qubits.
A Kerridge, A H Harker and A M
Stoneham (University College, London) have
looked at the dynamics of quantum gate
operation. They consider an important class
of solid-state gates — those employing
optically-controlled electron spin qubits.
Such gates form the basis of a possible
realisation of the basic component of a
proposed quantum information processor
that might even operate at useful
temperatures.

Their approach took a time-dependent
configuration interaction method to study
how the electronic structure of two electron
spin qubits evolved when they interacted
with a third, optically-excited, control spin in
an applied magnetic field. They could
identify unitary operations which
approximately disentangle the control spin,
and use these operations to construct highaccuracy two-electron operations that were
locally equivalent to the standard CNOT,
SWAP, and root-SWAP operations. They
could then estimate the accuracy of a set of
candidate quantum gates, evaluating the
residual entanglement of the control
electron and overall gate operation times.
Their results attest to the feasibility of the
silicon-based quantum gates proposed by

Stoneham, Fisher and Greenland in 2003.
Whilst it is important to show that high
accuracy gates are possible, what is
particularly novel is their demonstration that
state-of-the-art electronic structure
methods can be used to model the dynamics
of two-qubit gates, a significant advance
over previous analytical studies. Their
approach can be generalised to multiqubit
systems, and is the basis of a powerful tool to
optimise a number of solid-state routes to
quantum information processing.
Electron dynamics in quantum gate
operation
A Kerridge, A H Harker and A M Stoneham
J. Phys.: Condens. Matter 19 (2007) 282201
(7pp)

Sticky problems
Considering how animals stick to surfaces may help to improve tire grip on wet roads

Surface roughness is the main reason why
macroscopic solids do not usually adhere to
each other. Biological adhesion systems used
by insects and some geckos are built from
relatively stiff material, but strong adhesion
is possible even to very rough substrate
surfaces by using non-compact solid
structures consisting of either fiber-plate
array structures or foam-like structures.
To optimize the binding to rough surfaces
while avoiding elastic instabilities, e.g. lateral
bundling of fibers, spiders and geckos use a
hierarchical building principle, where the
thickness of the fibers and plates (or walls)
decreases towards the outer surface of the
attachment pad. The thickness of the fibers
and plates at the surface of the attachment
pads is so small that strong (dry) adhesion is
possible even to very rough substrates.
However, for most insects and for tree
frogs, the thickness of the fibers and plates
(or walls) is so large that negligible adhesion
would probably occur to most natural
surfaces if both the pad surface and the
substrate surface were dry. For this reason
flies, bugs, grasshoppers and tree frogs inject
a wetting liquid into the pad–substrate
contact area, which generates a relatively
long-range attractive interaction due to the
formation of capillary bridges. The liquid
injected by insects seems to be a twocomponent emulsion comprising a lipid-like
fraction and water-soluble nano-droplets.
B N J Persson ( Jülich) discusses some
aspects of wet adhesion for tree frogs. Some

During pull-off an opening crack propagate (velocity v) at the pad substrate interface.

of the results may also be relevant for some
technological applications, e.g. tires on wet
road surfaces.
Wet adhesion with application to tree
frog adhesive toe pads and tires
B N J Persson
J. Phys.: Condens. Matter 19 (2007) 376110
(16pp)
Spiderman suit
Nicola M Pugno (Politecnico di Torino)
discusses adhesion of spiders in terms of
nanointerlocking, capillary and van der
Waals forces, showing the key role played by
hierarchy in the design of superhydrophobic
and superadhesive materials. He quantifies
the reversibility of the strong attachment
using a nonlinear peeling model including
friction. He suggests that we can mimic
nature, using carbon-nanotube-based

technology, to make large invisible cables, as
well as self-cleaning, superadhesive and
releasable hierarchical smart materials. He
found that a man could theoretically be
supported by a transparent cable with crosssection of 1 cm2 and feasibly, with spider
material gloves and boots, remain attached
even to a ceiling: a preliminary step towards a
Spiderman suit.
Towards a Spiderman suit: large invisible
cables and self-cleaning releasable
superadhesive materials
Nicola M Pugno
J. Phys.: Condens. Matter 19 (2007) 395001
(17pp)
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Will we find new high-temperature
superconductors?
One of its discoverers reviews how HTS occurs with a view to finding new classes of HTS materials

Over two decades have passed since the
discovery by Bednorz and Müller of
superconductivity in LaCuO4, in which CuO2
planes exist, when it is doped with holes.
Other cuprates have been found which
contain the same CuO2 planes and show
substantially higher transition temperatures.
However, in the 20 years since the discovery
of HTS no other class of materials has been
found which exhibits this property above
liquid nitrogen temperatures. With a view to
finding another class, Alex Müller reviews
Stripe formation at T* for La2-x SrxCuO4, x = 0.15. Pictorial views of
why these exceptional properties occur, one the distorted CuO6 octahedra (left side) of the ‘LTT type’ assigned to
of the most important unsolved problems in the distorted (D stripes) of width 8 Å and of the undistorted
octahedra (U stripes) of width L 16 Å. The superlattice of quantum
present day physics.
He sketches experimental and theoretical stripes of wavelength d = L + W is shown in the upper part
results which may lead to an understanding.
quasiparticle, the symmetry of the
After describing confirmed properties and
superconducting wavefunction and the role
theories, Müller discusses isotope effects,
of antiferromagnetism.
bipolarons and fermions, the intersite
Jahn–Teller bipolaron as the generic

On the superconductivity in hole doped
cuprates
K A Müller
J. Phys.: Condens. Matter 19 (2007) 251002
(13pp)

Ferroelectric nanostructures
Domain size is a crucial consideration in miniaturization of ferroelectric devices

The size of ferroelectric devices continues to
decrease since reducing the film thickness
increases the capacitance for capacitor and
dynamic random access memory
applications (DRAM), and decreases the
coercive voltages for non-volatile
ferroelectric random access memories
(NVFRAM). However, it seems that the
ultimate limits of ferroelectric film thickness
reduction have already been reached for
planar devices. The reduction of lateral size
in ferroelectric memories is also
approaching its practical limits. The next
step in device miniaturization is thus not in
the reduction of film thickness or lateral size,
but in the achievement of ever-smaller 3D
structures such as trenches or nanotubes.
G Catalan and J F Scott (Cambridge) and A
Schilling and J M Gregg (Belfast) have studied
the scaling of periodic domain structures in
ferroelectric single-crystal pillars as a
function of their lateral dimensions. The
experimental results for BaTiO3 were
rationalized in terms of minimization of the
total free energy of the crystal, including the
contributions from domains and domain
walls.

8
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Domains in three-dimensional
ferroelectric nanostructures: theory and
experiment
G Catalan, A Schilling, J F Scott and J M
Gregg
J. Phys.: Condens. Matter 19 (2007) 132201
(7pp)

Domain configuration in the tetragonal pillars, and schematic of the
domain symmetry.

They extend the range of applicability of
Kittel’s law (ferromagnetic domain size
scales as square root of crystal thickness) to
ferroic domains in 3D shapes. They find that
the two in-plane directions are not
equivalent in the modelling, with dominance
determined by depolarization effects. The
domain size is smaller in three-dimensional
structures than in thin films of comparable
thickness, which suggests an enhanced role
for domains and domain walls in the new 3D
architectures.

In another paper the same authors derive a
generalized ferroic scaling factor and use it to
calculate the domain wall thickness and
gradient coefficients (exchange constants) in
some materials.
Their analysis supports the view that the
thickness of 180⬚ domain walls in
ferroelectrics is extremely narrow (of the
order of one unit cell), and that regular
patterns of sub-micron size domains can be
achieved in photonic crystals.
Wall thickness dependence of the scaling
law for ferroic stripe domains
G Catalan, A Schilling, J F Scott and J M
Gregg
J. Phys.: Condens. Matter 19 (2007) 022201
(7pp)
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Is the stripe phase a charge density wave?
New measurements point to the charge-density-wave nature of the stripe phase in manganites

Groups from Los Alamos, Cambridge and
Edinburgh have collaborated to analyse heat
capacity measurements on three manganite
compounds, La0.5Ca0.5MnO3,
La0.48Ca0.52MnO3 and Pr0.48Ca0.52MnO3. They
established that the transition at which the
stripe phase appears in manganites is second
order, and is accurately modelled as a Peierls
transition in a material which is disordered
or contains impurities. This is the expected
behaviour of a charge density wave in a
disordered system, in contrast to the
previously accepted picture of charges
localised at atomic sites.
Previous studies had concluded that the
onset of the stripe phase was associated with
the simultaneous onset of ferromagnetism
in La0.5Ca0.5MnO3. They found that the
transitions in materials with and without a
ferromagnetic signal share a common
origin, since the entropy change at the
transition is very similar for all three
compounds. However, the origin is not
associated primarily with magnetic order
because, while the magnetisation varies by a
factor of 100 between the compounds, the
change in entropy remains roughly constant.

between the ferromagnetic and stripe phase.
These results call for a re-evaluation of the
many strongly correlated electron systems
which exhibit stripe and checkerboard
phases (e.g. cuprates, nickelates and
cobaltites) in terms of a disordered charge
density wave model which produces
insulating behaviour without the need to
invoke strong electron-phonon coupling.

Fitting of transition peaks for three compounds to a model of a Peierls
transition in a system with impurities (a linear background was
removed). Points are data and the solid line is the fit of the model to
the data.

Evidence for the charge-density-wave
nature of the stripe phase in manganites
S Cox, J C Lashley, E Rosten, J Singleton, A J
Williams and P B Littlewood
J. Phys.: Condens. Matter 19 (2007) 192201
(7pp)

This overturns the traditional view, and
suggests instead that the transition in
La0.5Ca0.5MnO3 is driven mainly by a Fermisurface instability. This result adds to the
growing body of evidence that the stripe and
ferromagnetic phases are much more similar
than previously thought, and indicates that
the colossal magnetoresistance present in
manganites is driven by the delicate balance

Antiferromagnetic nanoparticles
Antiferromagnetic nanoparticles reveal unusual magnetic properties

Nanoparticles of magnetic materials have
different properties from the bulk and have
numerous technological applications.
Ferromagnetic or ferrimagnetic particles are
mostly used, but nanostructured
antiferromagnetic materials also have
important applications in, for example, spin
valves and magnetic random access memory
and in new types of hard magnetic materials
consisting of composites of
antiferromagnetic and ferro- or
ferrimagnetic nanoparticles.
Steen Mørup and colleagues from the
Technical University of Denmark review the
magnetic properties of antiferromagnetic
nanoparticles. Their magnetic moment is
mainly due to imperfections or finite-size
effects, leading to an increase of saturation
magnetization with decreasing particle size,
but thermoinduced magnetization also
contributes to the moment of very small
particles.
The magnetic excitations of
antiferromagnetic nanoparticles at low
temperatures are dominated by the uniform
excitations (q = 0 spin waves). This leads to a
linear decrease of the sublattice
magnetization and an increasing small net

negligible, so they present a unique
possibility to study exchange interactions
between magnetic particles. The interactions
can have a significant influence on both the
magnetic dynamics and the magnetic
structure. Nanoparticles can be attached
with a common crystallographic orientation
such that both the crystallographic and the
magnetic order continue across the
interfaces.
Experimental and theoretical studies of
nanoparticles of antiferromagnetic
materials
Steen Mørup, Daniel E Madsen, Cathrine
Schematic illustration of a network of interacting ␣-Fe2O3
Frandsen, Christian R H Bahl and Mikkel F
nanoparticles.
Hansen
J. Phys.: Condens. Matter 19 (2007) 213202
magnetic moment as the temperature
increases. They have a much larger excitation (31pp)
energy of the uniform mode than that of
ferro- and ferrimagnetic nanoparticles, but
even a small uncompensated moment can
have a significant influence on the excitation
energy. Interactions between nanoparticles
can have a large influence on the magnetic
dynamics, e.g., the superparamagnetic
relaxation. The dipole interaction between
antiferromagnetic nanoparticles is usually
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Spintronics and GMR
A selection of papers discussing spin-filter tunnelling, magnetic tunnel junctions and spintronics

The 2007 Nobel Physics Prize was awarded for
the discovery of Giant Magnetoresistance
(GMR), one of the key concepts in spintronics.
Several of our top papers were in this area,
including a special issue on Spin Electronics:
J. Phys.: Condens. Matter 19 (2007) Number 16.
Some of the most interesting papers in this
issue are summarized here.
Spin-filter tunnelling
Spin-filter tunnelling using ferrite barriers
could generate spin-polarized electrons at
room temperature
Spin filter tunnelling is reviewed by Jagadeesh
Moodera and colleagues at MIT. This
phenomenon enables highly spin-polarized
charge carriers to be generated from
nonmagnetic electrodes using magnetic
tunnel barriers. The effect has been shown in
magnetic semiconducting europium
chalcogenides. If challenging material-related
issues can be addressed, using ferrites and
other methods would enable roomtemperature operation, leading to huge
progress in spin injection and detection in
semiconductors.
In contrast to conventional SPT devices

Schematic diagram of the tunnelling spin-filter effect in a metal/EuO
spin filter/metal tunnel junction. Electrons with randomly oriented
spins tunnel from the Fermi level of the nonmagnetic metal through
the EuO spin-filter barrier. The spin-split conduction band of
ferromagnetic EuO creates a lower barrier height for spin-up electrons
( ☞ ) and higher barrier height for spin-down electrons ( ☞ ),
giving rise to a highly spin-polarized current.

using a ferromagnetic metal as the source for
spin-polarized electrons, the novel approach
of spin-filter tunnelling uses a ferromagnetic
tunnel barrier to generate a polarized current.
This spin-filter effect is shown schematically in
the figure. In such a ferromagnetic
semiconducting barrier, in the magnetically
ordered state, exchange splitting of the
conduction band creates two different tunnel
barrier heights for spin-up and spin-down
electrons.
Generating a nearly fully polarized beam of
electrons is an extremely useful tool for
fundamental studies as well as for application
in spintronics, especially for spin
injection/detection in semiconductors.
Because Eu chalcogenides are
ferromagnetic only at low temperature, it is
attractive to use ferrites, which have TC above
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room temperature. However, understanding
and controlling the structure, stoichiometry
and magnetic properties of ultrathin layers of
complex oxides is challenging. The interfacial
compatibility and bond-driven, intrinsic
magnetic behaviour can be different from
what one expects for the ferrites. All these
problems have to be solved before their
potential can be realized.
The phenomena of spin-filter tunnelling
Jagadeesh S Moodera, Tiffany S Santos and
Taro Nagahama
J. Phys.: Condens. Matter 19 (2007) 165202
(24pp)
Magnetic tunnel junctions
Magnetic nanoparticles can be used in
cancer therapy either for drug delivery or
for destroying the tumour by heating
C Tiusan et al (Nancy University) compared
theoretical predictions of spin transport and
wavefunction filtering in terms of symmetry
in single-crystal magnetic tunnel junctions
with experimental work on Fe/MgO/Fe type
MTJs. In the equilibrium regime, when the
junctions are not biased, spin polarized tunnel
transport leads to antiferromagnetic exchange
interactions.
They also presented an interesting class of
double barrier system combining a classic
Fe/MgO MTJ and an artificial
antiferromagnetic subsystem in which the
magnetic properties are controlled by
coupling by spin polarized tunnelling.

J. Phys.: Condens. Matter 19 (2007) 165209
(13pp)
Spintronics
Tomasz Dietl (Polish Academy of Sciences)
reviews the origin of ferromagnetic response
in diluted magnetic semiconductors and
oxides. He considers four classes:
Composite materials in which
precipitations of a known magnetic
compound account for magnetic
characteristics.
Alloys showing chemical nanoscale phase
separation into regions with small and large
concentrations of the magnetic constituent.
He describes novel methods to control this
spinodal decomposition.
Semiconductors such as (Ga, Mn)As,
heavily doped p-(Zn, Mn)Te, which provide a
basis for magnetization manipulation and
switching.
Some carrier-doped DMSs and DMOs
where competition between long-range
ferromagnetic and short-range
antiferromagnetic interactions and/or the
proximity of the localization boundary lead to
an electronic nanoscale phase separation.
These materials exhibit characteristics similar
to colossal magnetoresistance oxides.
Origin of ferromagnetic response in
diluted magnetic semiconductors and
oxides
Tomasz Dietl
J. Phys.: Condens. Matter 19 (2007) 165204
(15pp)

Zhanjie Li and colleagues at Grandis Inc.
present experimental and numerical results of
current-driven magnetization switching in
magnetic tunnel junctions. The experiments
show that, for MgO-based MTJs, the
tunnelling magnetoresistance ratio is as large
as 155% and the intrinsic switching current
density is as low as 1.1 ⫻ 106 A cm-2. They
identified three distinct switching modes,
thermal activation, dynamic reversal, and
precessional process. They discussed the
requirements for the successful application of
spin-transfer torque as the write scheme in
random access memory.

As spintronics goes nano, new phenomena
are predicted resulting from the interplay
between spin-dependent transport and singleelectron physics. Manipulating spins one-byone could open the path to quantum
computing, so there is a growing effort to
connect spin tanks (i.e. ferromagnetic leads) to
smaller and smaller objects. As the dimensions
are reduced, spin-dependent transport is
predicted to interplay with quantum and/or
single-electron charging effects.
Pierre Seneor et al (CNRS/Thales) review
experiments and theories on the interplay
between Coulomb blockade and spin
properties (namely magneto-Coulomb
effects) in structures where a single nanoobject is connected to ferromagnetic leads.
They discuss future directions in the emerging
field of nanospintronics towards quantum
dots, carbon nanotubes and single molecule
magnets.

Spin-transfer torque switching in
magnetic tunnel junctions and spintransfer torque random access memory
Zhitao Diao, Zhanjie Li, Shengyuang Wang,
Yunfei Ding, Alex Panchula, Eugene Chen,
Lien-Chang Wang and Yiming Huai

Nanospintronics: when spintronics meets
single electron physics
Pierre Seneor, Anne Bernand-Mantel and
Frédéric Petroff
J. Phys.: Condens. Matter 19 (2007) 165222
(22pp)

Spin tunnelling phenomena in singlecrystal magnetic tunnel junction systems
C Tiusan, F Greullet, M Hehn, F Montaigne, S
Andrieu and A Schuhl
J. Phys.: Condens. Matter 19 (2007) 165201
(35pp)
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Wetting problem revisited
Calculations for the wetting transition are extended by including more terms in the perturbation expansion

The nature of the wetting transition of the
Ising model is a long-standing unsolved
problem. The top papers of 2006 included a
new coarse-grained description of wetting in
the 3D Ising model by Andrew Parry and
colleagues at Imperial College London which
accounts for missing physics in the original
interfacial description. In that paper, they
showed how a non-local effective
Hamiltonian for short-ranged wetting may
be derived from an underlying
Landau–Ginzburg–Wilson model.
Now they have combined the Green’s
function method with standard
perturbation theory to determine the
general diagrammatic form of the binding
potential functional beyond the doubleparabola (DP) approximation for the
Landau–Ginzburg–Wilson bulk potential.
They have shown that the diagrammatic
method introduced in their first paper
combines rather nicely with perturbation
theory and allows them to derive the general
structure of the binding potential functional
W. While this contains some new diagrams

planar substrates. While some local
contributions are accurately described by a
binding potential function and positiondependent stiffness, the non-local
contributions generate weak long-ranged
two-body interfacial interactions, which
play a crucial role at critical wetting.
Derivation of a non-local interfacial
Hamiltonian for short-ranged wetting:
II. General diagrammatic structure
A O Parry, C Rascón, N R Bernardino and
J M Romero-Enrique
J. Phys.: Condens. Matter 19 (2007) 416105
(21pp)

Schematic diagram showing a wetting layer of phase ‚ at a nonplanar wall–· interface. Here, l(x) and „(x) are the interfacial
collective coordinate and wall height, respectively.

describing curvature corrections and tube
interactions, these are of negligible
importance for wetting. The dominant
diagrammatic structure of W is the same as
that derived for the DP model, albeit with
slightly shifted coefficients. They have
determined the values of these coefficients
exactly. They also showed how all the
diagrams in the asymptotic expansion of W
(up to two tubes) simplify for wetting at
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Molecular transport junctions
The effects of electron–phonon interactions in molecular conduction junctions are reviewed

In molecular transport junctions, the
simplest components of molecular
electronics, a molecule is inserted between
two electrodes, and subjected to an applied
voltage. Michael Galperin and Mark A
Ratner of Northwestern University and
Abraham Nitzan of Tel Aviv University
present an overview of the effect of
electron–phonon interactions in molecular
conduction junctions. The interplay
between electronic and nuclear dynamics in
molecular systems is a significant factor in
molecular energetics and dynamics with
important implications for molecular
structure, spectroscopy, electron transfer
and chemical reactions.
Recently, the study of transport of
electrons in single molecule junctions has
been extended to probe beyond the simple
tunnelling associated with large energy gaps
between electrode Fermi level and molecular
levels, to deal with smaller gaps, with nearresonance tunnelling and, particularly, with
effects due to interaction of electronic and
vibrational degrees of freedom.
After a short experimental overview, and
discussion of different test beds and
measurements, the authors use a simple
microscopic model Hamiltonian to discuss
phenomena including: transition from
coherent to incoherent transport as
electron/vibration interaction increases in

A contour map of the differential conductance (left), and the conductance derivative (right). Non-resonance (IETS) features are seen in the
conductance derivative map in the non-conducting regions of this diamond diagram.

strength, inelastic electron tunneling
spectroscopy and its interpretation and
measurement, affects of interelectronic
repulsion treated at the Hubbard level, noise
in molecular transport junctions, non-linear
conductance phenomena, heating and heat
conduction in molecular transport junctions
and current-induced chemical reactions.
The review finally points out directions in
which further research is required to answer
cardinal questions concerning the behaviour
and understanding of vibrational effects in
molecular transport junctions.

Molecular transport junctions:
vibrational effects
Michael Galperin, Mark A Ratner and
Abraham Nitzan
J. Phys.: Condens. Matter 19 (2007) 103201
(81pp)

Clever SOD models disordered solids
A computer program gives improved modelling of site-occupancy disorder

Examples of site-occupancy disorder, the
non-periodic occupation of lattice sites in a
crystal structure, are metallic alloys, mineral
solid solutions, and synthetic nonstoichiometric compounds. The
experimental investigation of these
materials only provides averaged
information of their properties. Computermodelling techniques make valuable
contributions to the investigation of siteoccupancy disorder in solids, by evaluating
the relative stabilities of configurations using
simple energetic criteria.
R Grau-Crespo and colleagues at
University College London present a
methodology, which reduces the number of
site-occupancy configurations to be
calculated when modelling site disorder in
solids, by taking advantage of the crystal
symmetry of the lattice. Within this
approach, two configurations are considered
equivalent when they are related by an
isometric operation; a trial list of possible
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Two configurations are considered equivalent if there is an isometric
transformation, a geometric operation (e.g. translation, rotation,
reflection) that keeps constant all the distances and angles, that
converts one into the other.

isometric transformations is provided by the
group of symmetry operators in the parent
structure, which is used to generate all
configurations via atomic substitutions.
They have adapted the equations for
configurational statistics to operate in the
reduced configurational space of the
independent configurations. Each

configuration in this space is characterized
by its reduced energy, which includes not
only its energy but also a contribution from
its degeneracy in the complete
configurational space, via an entropic term.
They present the new computer program
SOD (site-occupancy disorder), which
performs this analysis in systems with
arbitrary symmetry and any size of supercell.
As a case study they use the distribution of
cations in iron antimony oxide FeSbO4,
where they also introduce some general
considerations for the modelling of siteoccupancy disorder in paramagnetic
systems.
Symmetry-adapted configurational
modelling of fractional site occupancy in
solids
R Grau-Crespo, S Hamad, C R A Catlow and
N H de Leeuw
J. Phys.: Condens. Matter 19 (2007) 256201
(16pp)
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Half Metallic Ferromagnets
Half metallic ferromagnets are a fundamentally different state of matter with ideally 100% spin polarization

Idealized, half-metals have only one spin
channel for conduction: the spin-polarized
band structure exhibits metallic behavior
for one spin channel, while the other spin
band structure exhibits a gap at the Fermi
level. So the density of states at the Fermi
level has, theoretically, 100 % spin
polarization and also the resistance of one
channel goes to infinity. At zero or low
temperatures, the non-quasiparticle density
of states (electron correlation effects),
magnons and spin disorder reduce the
polarization from the idealized 100 %
polarization. At higher temperatures
magnon-phonon coupling and irreversible
compositional changes affect polarization
further.
A special issue presents papers dealing
with some of the crucial issues of Half
Metallic Ferromagnets: J. Phys.: Condens.
Matter 19 (2007) Number 31. Some
highlights are briefly summarized here.
Half-Heusler alloy
A large international collaboration led by
Camelia Borca (Paul Scherrer Institute)
presents an extended study of the halfHeusler alloy NiMnSb. They combined
many experimental techniques and found
that stoichiometric surfaces exhibit close to
100% spin polarization at the centre of the
surface Brillouin zone at the Fermi edge at
ambient temperatures. They found strong
evidence for a moment reordering
transition at around 80 K which marks the
crossover from a high polarization state to a
more representative metallic ferromagnetic
state. They found that inducing surface
segregation by annealing treatments greatly
reduces the surface polarization.
Epitaxial growth and surface properties
of half-metal NiMnSb films
C N Borca, D Ristoiu, H-K Jeong, Takashi
Komesu, A N Caruso, J Pierre, L Ranno, J P
Nozières and P A Dowben
J. Phys.: Condens. Matter 19 (2007) 315211
(43pp)
Spin polarization
I Galanakis (University od Patras) and Ph
Mavropoulos (Jülich) review some recent
results on the electronic properties of halfmetallic Heusler alloys for which the origin
of the gap and its connection to the
magnetic properties are well understood.
Changing the lattice parameter slightly
shifts the Fermi level. Spin–orbit coupling
induces states within the gap but the alloys
keep a very high degree of spin polarization
at the Fermi level. Small degrees of doping
and disorder as well as defects with low
formation energy have little effect on the

Calculated total spin moment per unit cell as a function of the total number of valence electrons per unit cell for all the studied half (left panel)
and full (right panel) Heusler alloys. The dashed line represents the Slater–Pauling behaviour.

properties of the gap, while temperature
effects can lead to a quick loss of halfmetallicity.
Spin-polarization and electronic
properties of half-metallic Heusler
alloys calculated from first principles
I Galanakis and Ph Mavropoulos
J. Phys.: Condens. Matter 19 (2007) 315213
(16pp)
Material issues
Warren Pickett (University of California
Davis) and Helmut Eschrig (IFW Dresden)
studied the half metallic ferromagnetic state
from a few different viewpoints. After
outlining the formal underpinnings of the
spin density functional theory of half metals
they considered the relativistic effect of
spin–orbit coupling. In principle it destroys
half metallicity, but in practice it is a minor
effect for the smaller magnetic atoms and
even for heavier atoms, with an appropriate
structure and band filling, a half metal state
may survive.
They also revisited the possibility of a half
metal with zero net moment, the so-called
half metallic antiferromagnet. Although
there are several half metals with various
values of (integer) moment, there is as yet no
good prospect of a compensated half metal
with M = 0, but there is good reason to
anticipate that half metallic
antiferromagnets will be discovered. A new
kind of superconductivity is possible in such
systems, somewhat analogous to
superconductivity in a ferromagnet but
with the minority bands having ‘evaporated’
taking their own superconducting gap with
them.

Half metals: from formal theory to real
material issues
Warren E Pickett and Helmut Eschrig
J. Phys.: Condens. Matter 19 (2007) 315203
(10pp)
Spin polarization reaches 100%
A G Petukhov (South Dakota School of
Mines and Technology) and co-workers
show that the spin polarization of electron
density in non-magnetic degenerate
semiconductors can achieve 100%. This
effect does not require a half-metallic
ferromagnetic contact and can be realized in
ferromagnet–semiconductor FM–n+–n
junctions even at moderate spin selectivity
of the FM–n+ contact when the electrons
with spin ‘up’ are extracted from the n
semiconductor through the heavily doped
n+ layer into the ferromagnet and the
electrons with spin ‘down’ are accumulated
near the n+–n interface.
They derived a general equation relating
spin polarization of the current to that of the
electron density in non-magnetic
semiconductors and found that the effect of
complete spin polarization is achieved near
the n+–n interface when the concentration
of the spin ‘up’ electrons tends to zero in this
region while the diffusion current of these
electrons remains finite.
100% spin accumulation in non-halfmetallic ferromagnet–semiconductor
junctions
A G Petukhov, J Niggemann, V N
Smelyanskiy and V V Osipov
J. Phys.: Condens. Matter 19 (2007) 315205
(16pp)
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Taming Gd ions in fullerene cages
Encapsulating Gd within C60 enhances its correlation energies

Water-soluble Gd-based endohedral
metallofullerenes (Gd@C82(OH),
Gd@C60(OH), and Gd@C60[C(COOH)10]) are
possible new magnetic resonance imaging
(MRI) contrast agents. The toxic Gd ions are
completely encaged inside the fullerenes,
located at an off-centre position within the
cage,
A large group headed by R F Sabirianov
(University of Nebraska) explored the
electronic properties of Gd@C60 through a
comparison of ab initio calculations with
photoemission spectroscopy and resonant
photoemission (constant initial state
spectroscopy).
In comparing their calculations based on
the local spin density approximation and the
Hubbard model description with the

Optimized structure of Gd@C60.

observed photoemission spectra, they
observed a strong correlation effect, which
manifests itself in the shift of the Gd 4f state
to higher binding energy, and correlation

energy U of about 7.6 eV, which is larger than
normally detected in gadolinium
compounds. They attributed that to a lack of
screening of the encapsulated Gd. In
addition, they noticed prominent resonant
intensity features, due to the Gd 5s and 5p
cores in the resonant photoemission spectra
taken from 6 eV below the Fermi level, which
indicate strong hybridization between the
Gd valence states and the fullerene cage. All
the above phenomena are explained using
the LSDA + U calculation.
Correlation effects and electronic
structure of Gd@C60
R F Sabirianov et al
J. Phys.: Condens. Matter 19 (2007) 082201
(6pp)

Improvements in electrowetting
Interfaces between two immiscible electrolytic solutions offer improved electrowetting

When a liquid/liquid interface contacts a
solid substrate, applied voltages can cause
the interface to change shape. This
electrowetting (EW) phenomenon can be
applied in devices requiring no internal
machinery. Also, interfaces in these devices
self-assemble and are difficult to destabilize.
Applications include portable lenses,
microfluidic devices and electronic displays.
Charles Monroe and Alexei A Kornyshev
(Imperial College London) and Michael
Urbakh (Tel Aviv University) propose that
interfaces between two immiscible
electrolytic solutions (ITIES), which are
impermeable to ion transfer over a large
potential range, offer immensely better
opportunities for fine shape control at low
voltages than current EW systems. Also,
ITIES can be described by a theoretical
model with few free parameters.
Their paper gives full details of a theory
that can be used to describe EW equilibrium.
Families of curves are presented to show
how the contact angle between an ITIES and
an electrode varies with voltage, to gauge
expectations for laboratory measurements.
They give a detailed analysis of the system
construction to illustrate how undesired
artefacts due to experimental geometry can
be avoided. To contrast the case of ITIES,
they also give an analysis for systems with a
completely ion-permeable liquid/liquid
interface. Although the latter system is very
difficult to engineer, its comparison to ITIES
illustrates the unique features that the ionimpermeability of a liquid/liquid interface
adds to its EW response.
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A single liquid droplet (d) surrounded by an ambient fluid (s). Both of
the fluids contact a working electrode (e), and the counterelectrode (c)
touches the surrounding fluid only. If ions are dissolved in the
surrounding fluid, a single reference electrode (r), which is
electrochemically reversible to one of the ions, may also be placed in
its bulk (far from e, c, and d). In this case a voltage source which
applies a potential drop between e and c can be used to control the
voltage read by the voltmeter, V.

The distinctive electrowetting
properties of ITIES
Charles W Monroe, Michael Urbakh and
Alexei A Kornyshev
J. Phys.: Condens. Matter 19 (2007) 375113
(29pp)
Frieder Mugele and colleagues from the
University of Twente report improvements
in conventional electrowetting.
Droplet-based microfluidic research has
potential applications in biochemical
reactions, material synthesis, single-cell
analysis and novel fluid logical devices.
Commonly pressure-driven flows are used
to create droplets continuously, providing
high throughput capability, but it cannot
generate individual drops on demand nor
provide dynamic control of surface
wettability, which can dramatically affect the

dynamics of two-phase microflows.
Alternatively, the EW-on-dielectric
approach is used to digitally manipulate
drops, providing exquisite control over
individual drops and surface wettability, but
with low throughput and it cannot readily be
integrated with existing channel-based
technologies.
Mugele et al adopt a unified approach to
create a soft microfluidic platform
combining the advantages of both methods.
They incorporate EW into a flow-focusing
device and demonstrate EW-controlled drop
formation. They identify experimentally the
range of voltages and driving pressures that
yields EW-induced droplet generation. A
theoretical description based on the balance
of external pressures and voltage-controlled
capillary pressures quantitatively accounts
for the observations. They show that with
this unification the smaller the geometric
scales the more efficient the EW control of
drop generation.
Electrowetting-controlled droplet
generation in a microfluidic flowfocusing device
Florent Malloggi, Siva A Vanapalli, Hao Gu,
Dirk van den Ende and Frieder Mugele
J. Phys.: Condens. Matter 19 (2007) 462101
(7pp)
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Carbon nanomaterials in biology
A multidisciplinary approach is needed to study incorporation of nanomaterials in biological systems

Pu Chun Ke and Rui Qiao (Clemson
University) review the problems of
interfacing nanomaterials, such as carbon
nanotubes and fullerenes, with biological
systems. They describe ways to improve the
solubility of nanomaterials in aqueous
solutions since, when incorporated into
biological systems, the inert surface
structures of carbon-based nanomaterials
may prevent their long-term bioavailability
due to aggregation and settlement.
They characterized the diffusion and the
cellular delivery of RNA-coated carbon
nanotubes using fluorescence microscopy.
They simulated translocation of fullerenes
across cell membranes using molecular
dynamics to offer new insight into the
complex issue of nanotoxicity. To assess the
fate of nanomaterials in the environment,
they discussed the biomodification of lipidcoated carbon nanotubes by the aquatic
organism Daphnia magna.
It is known that the same nanomaterials
can deliver different effects to biological
systems, possibly due to physical and
chemical modifications to the materials by

nanomaterials, and in determining the
conformational and energetic states of
biological systems to infer their interaction.
Such studies will facilitate the biochemical,
biological, and toxicological studies on
deciphering the biological responses to
nanomaterials.
New development in advanced
microscopy and spectroscopy techniques as
well as in atomistic and molecular statistics
will find ample use for such applications.

TEM image of C70–gallic acid complexes.

biomolecules. Moreover, there is an urgent
need to mitigate nanotoxicity before
nanotechnologies can be developed. Only a
multidisciplinary endeavor can ensure the
continued scientific, environmental, and
societal development of safe and dependable
nanomaterials. The major efforts of physics
lie in the experimental detection and
theoretical analysis of the thermal,
electronic, and optical properties of

Carbon nanomaterials in biological
systems
Pu Chun Ke and Rui Qiao
J. Phys.: Condens. Matter 19 (2007) 373101
(25pp)

Targeting structures by computation
New techniques to compute a structure with a target property are more efficient

There is much current interest in problems
where one inspects large databases of
molecules or periodic solids in search of a
structure with a given target property (e.g.
alloy band gap). Such quests often focus on
materials derived from a given skeletal
structure, the sites of which can be decorated
with different substituents—chemical
groups in chemistry and different atoms in
solid solutions. In both cases, the sheer size
of the configurational space can be
horrendous.
Mayeul d’Avezac and Alex Zunger of the
National Renewable Energy Laboratory
present two approaches which identify
either the minimum-energy configuration
or configurations with a target property for a
fixed underlying Bravais lattice and compare
their efficiency at locating the deepest
minimum energy configuration of face
centered cubic Au–Pd alloy.
In the ‘deepest minimum energy
configuration search’ finding the exact
optimum decoration suffers no
compromise, whereas in the ‘target property
configuration search’ one is interested in
target structures within a certain range. In
the case of complex configuration spaces
with many local minima, the more stringent
expectations of the former search require a

Schematics of (a) the reciprocal-space mating, and (b) the virtual-atom algorithm. In (a) red and blue circles denote the occupation of a lattice
site by Au or Pd atoms in the parent configurations P1 and P2. The intermediate offspring configuration Oi is constructed from the
concentration waves (solid lines) of AuPd material present P1 and P2, i.e. from their structure factors. A physical configuration is obtained via a
normalization step. The virtual atom (b) implements a local-search method where the decision to explore a neighboring discrete configuration
is deduced from the gradient at the original discrete configuration.

global-optimization method such as the
reciprocal-space genetic algorithm which is
described in the paper. In the latter case, a
local-search method such as the virtualatom approach, with its ability to directly
focus on local minima, proves more than
adequate, since the problem can be solved
within the first hundred calls to the
functional for systems up to 48 atoms. This
puts such studies well within the range of
more computationally intensive functionals
like density functional theory.

Finding the atomic configuration with a
required physical property in multiatom structures
Mayeul d’Avezac and Alex Zunger
J. Phys.: Condens. Matter 19 (2007) 402201
(7pp)
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Monitoring biomolecular interactions
Nanomaterials offer an ideal tool to monitor biomolecular interactions on a chip

The novel characteristics of nanomaterials
enable highly sensitive and specific
applications in electronics, optics and
biotechnology. In particular, nanomaterials
have become the preferable tools for
monitoring biomolecular interactions on a
biochip without labelling procedures using
enzymes and fluorescent dyes.
A Japanese group led by Tatsuro Endo of
the Tokyo Institute of Technology used a
localized surface plasmon resonance (LSPR)
label-free biochip constructed with a
core–shell structured nanoparticle layer
substrate for the label-free detection of
PNA–DNA and DNA–DNA hybridization
reactions. PNA (peptide nucleic acid) and
DNA probe immobilized LSPR label-free
biochips are promising candidates for the
specific detection of target DNA.
The LSPR label-free biochip is easy to
fabricate, and the apparatus cost for the
optical characteristics evaluation is
significantly lower than that of a
conventional SPR apparatus; also, the
operation procedure has become more
convenient, without any labelling
procedures. Moreover, the core–shell

Experimental procedure using the LSPR label-free biochip.

structured nanoparticle layer substrate could
detect low concentrations of target DNA.
From these advantages, they concluded that
the novel characteristics of their substrate
that could excite LSPR is more suitable for
monitoring biomolecular interactions than
the conventional LSPR-based biochips
reported previously. Certainly, the LSPRbased label-free optical monitoring method
promises to offer a massively parallel
detection capability in a highly miniaturized
package.

Excitation of localized surface plasmon
resonance using a core–shell structured
nanoparticle layer substrate and its
application for label-free detection of
biomolecular interactions
Tatsuro Endo, Kagan Kerman, Naoki
Nagatani and Eiichi Tamiya
J. Phys.: Condens. Matter 19 (2007) 215201
(10pp)

Simulating charge transport in ion channels
Charge transport in ion channels has been accurately simulated

Biological ion channels have important
pharmaceutical and engineering
applications. Simulating charge transport in
ion channels is a challenging problem.
Predicting the electro-physiology of ion
channels requires reliable modelling of each
subsystem: the channel protein itself, the
membrane within which the channel is
inserted, and the electrolyte solution bathing
the system. The simulation of each
component presents its own challenges and
the simulation is further complicated by the
characteristic time and space scale of the ion
channel system. The transit time of charge in
ion channels is typically nanoseconds, while
the time resolution required to represent the
ionic motion is in the femtosecond range.
Likewise, the entire system has a nanometre
size, while the particle trajectories have to be
resolved within a fraction of an angstrom. A
computer model needs to describe the
system very accurately in both time and
space, for a relatively long simulation time in
order to extract reliable transport properties.
David Marreiro (Illinois Institute of
Technology) and colleagues studied the
suitability of a P 3M force field scheme
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The OmpF porin channel from E. Coli, embedded in an explicit POPC membrane (left), and the corresponding top view of the OmpF alone
(right).

coupled with a Brownian dynamics
simulation engine for the accurate modelling
of charge transport in ion channels by testing
the relative importance and influence of
critical model parameters such as the
dielectric representation and the parameters
governing the ion dynamics. They compared
the results with published experimental and
simulated data, and found that a careful
choice of the model parameters yields an
efficient and accurate model for charge
transport in porin channels. They also
proposed a way to improve this model while
maintaining its computational advantage.

Brownian dynamics simulation of
charge transport in ion channels
David Marreiro, Marco Saraniti and Shela
Aboud
J. Phys.: Condens. Matter 19 (2007) 215203
(16pp)
These papers are part of a special section on
Molecular and Bio Electronics, J. Phys.: Condens.
Matter 19 Number 21.
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Improved simulation of water
Multiscale simulation of water gives an accurate description of its properties

Water is the most important natural solvent,
both for biological function and technical
processes, so aqueous solutions are among
the most studied systems. However, both
experiments and theoretical models are
usually restricted to specific cases. In
particular all-atom simulations of
biomolecules and materials in water are
computationally very expensive and often
not possible, mainly due to the
computational effort to obtain water–water
interactions in regions not relevant for the
problem under consideration.
Luigi Delle Site of Max-Planck-Institute for
Polymer Research, Mainz, and colleagues at
Rice University present a coarse-grained
model that can reproduce the behaviour of
liquid water at a standard temperature and
pressure remarkably well. They use this
model in a multiscale simulation of liquid
water, where a spatially adaptive molecular
resolution procedure allows one to change

On-the-fly interchange between the all-atom and coarse-grained
water models. Top: the explicit all-atom water molecule is represented
at the right, and the coarse-grained molecule at the left. The middle
hybrid molecule interpolates between the two (see text). Bottom: a
schematic representation of the full system, where a hybrid region
connects the explicit and coarse-grained levels of description.

from a coarse-grained to an all-atom
representation on-the-fly. They show that
this approach leads to the correct
description of essential thermodynamic and
structural properties of liquid water. This
adaptive multiscale scheme allows for

significantly greater extensive simulations
than existing approaches by taking explicit
water into account only in the regions where
the atomistic details are physically relevant.
Such a multiscale resolution of water is
expected to play an important role in the
modelling of wet/dry interfaces and in
biomolecular simulations. The gain in
computational speed will allow for larger
systems and more systematic studies and
should at the same time extend the
possibilities of such simulations to a larger
user group.
Adaptive resolution simulation of liquid
water
Matej Praprotnik, Silvina Matysiak, Luigi
Delle Site, Kurt Kremer and Cecilia Clementi
J. Phys.: Condens. Matter 19 (2007) 292201
(10pp)

Spinel taps rich vein of properties
EXAFS has been used to carry out a comprehensive study of ferrite spinels

Spinel compounds are very widely used, e.g.
in magnetic recording media, batteries,
catalysts and pigments. They occur as
natural minerals and are important in
geophysics, e.g. for palaeomagnetic
reconstructions of the drifting continents.
Their physical properties depend crucially
on the distribution of cations between
tetrahedral (A) and octahedral (B) sites. C M
B Henderson and colleagues at Manchester
University have carried out a systematic
study of the cation distribution in ferrite
spinels using K-edge x-ray absorption
spectroscopy (XAS). Their samples included
natural and synthetic end-member
magnetites, a natural Mn- and Zn-rich
magnetite, and synthetic binary, ternary and
quaternary ferrites M2+O·M3+2O3, where M2+
= Mg, Co, Ni, Zn and M3+ = Fe, Al. They
obtained XAS data for all metals. Complete,
unfiltered, EXAFS spectra were refined to
determine the percentage distribution of
each element over the A and B sites and these
data were combined with microprobe
analyses to quantify the tetrahedral
occupancy for each element in each sample.
They used measured site occupancies and
an internally consistent set of (M–O)A and
(M–O)B bond lengths to calculate unit-cell

Cation occupancies in Mg, Co, Ni, Zn, Al
ferrite spinels: a multi-element EXAFS
study
C M B Henderson, J M Charnock and D A
Plant
J. Phys.: Condens. Matter 19 (2007) 076214
(25pp)

The main control of pre-edge peak intensity is the amount of Fe3+ in
tetrahedral coordination, as Fe3+ and Fe2+ have similar and smaller
pre-edge peak intensities for octahedral coordination. The figure
suggests that the pre-edge data are in reasonable agreement with the
site occupancies for Fe3+ determined from the EXAFS data.

parameters, which showed excellent
agreement with measured values. They
found that the order of increasing tendency
to order into tetrahedral sites in ferrites is
Fe2+ < Ni < Al < Co < Mg = Mn < Zn. The
tetrahedral occupancy factor for Fe3+ covers
a wide range (0.92–0.19), suggesting that Fe3+
plays a relatively passive role and merely
makes good any deficit in the A site.
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Nucleation in soft matter
Theory of nucleation in protein solutions and colloidal suspensions is reviewed

Richard Sear (University of Surrey) reviews
work on nucleation: the process which starts
off a first-order phase transformation. He
reviews theoretical and simulation work on
both homogeneous and (especially)
heterogeneous nucleation. He considers
both general aspects and those specific to
protein solutions and colloidal suspensions.
In one very simple system, monodisperse
hard spheres, nucleation is fairly well
understood. Computer simulation results for
homogeneous nucleation agree with
experiment to within a couple of orders of
magnitude. Also, heterogeneous nucleation
at a hard wall has been shown to be orders of
magnitude faster than homogeneous
nucleation. Thus monodisperse hard spheres
in a container with hard walls should freeze
from the outside in.
In protein solutions, a much more
complex system, nucleation is still not well
understood. Even for lysozyme, the most
studied protein, there is an ongoing debate
about whether the observed nucleation is
homogeneous or heterogeneous. The role of
impurities is obscure, although lysozyme

taken to determine whether the nucleation is
homogeneous or heterogeneous. For
example, if adding or removing impurities
alters the nucleation rate then it must be
heterogeneous.
Unfortunately, clearly demonstrating that
the nucleation is homogeneous is harder.
Schematic diagrams of critical nuclei in the bulk, on a flat surface, in
a 90º corner or wedge, and in a slit pore. The first three are nuclei of a
new bulk phase and are at the same value of the supersaturation. The
nucleus for homogeneous nucleation is a sphere, whilst those for
heterogeneous nucleation on flat surfaces and in wedges are parts of
spheres of the same radius.

Nucleation: theory and applications to
protein solutions and colloidal
suspensions
Richard P Sear
J. Phys.: Condens. Matter 19 (2007) 033101
(28pp)

dimers affect the nucleation rate, and
disordered porous media induce nucleation
in solutions where the high nucleation
barrier would otherwise preclude
nucleation.
Future progress will require quantitative
experimental studies of nucleation rates,
experimental studies in which nuclei are
imaged, and detailed simulation studies. In
the experimental studies, care should be

Crystals under anisotropic stress
A new method accounts for the effects of anisotropic stress on the structure and stability of crystals

The equilibrium properties of crystals show
substantial change when they are subjected
to stress. Hydrostatic pressure produces
large changes in structure, elastic response
and stability, including discontinuous
changes to new phases. First-principles
band-structure programs account well for
these properties, but the effects of
anisotropic stress introduce complications
and have not been accounted for.
P M Marcus and F Jona (SUNY) describe a
first-principles calculation procedure for
determining the structure, elastic response
and stability of a crystal in equilibrium under
anisotropic stress. They showed that under a
strain the change in internal energy plus the
work done by the crystal is a minimum with
respect to structural changes, and can be
expanded in powers of the Eulerian strains.
They showed that the coefficients of secondorder terms in the expansion are effective
elastic constants for the equilibrium crystal
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longitudinal stress. They established the
stability of the structure in each of these bct
phases by showing that all the eigenvalues of
the effective elastic constant matrix are
positive.
Structure and stability of crystals under
anisotropic stress
P M Marcus and F Jona
J. Phys.: Condens. Matter 19 (2007) 436208
(12pp)
Lattice parameters c of bct Al as functions of transverse stress -1
when the longitudinal stress -3 is held constant and equalt to the
pressure, p = 0, 600, 1200, 1840 kbar,

which determine stability.
They applied the method to body-centered
tetragonal (bct) Al to evaluate the lattice
parameters as functions of lateral and
longitudinal stresses. They found two stable
bct phases at a given longitudinal stress, one
with the lateral stress mainly larger and one
with lateral stress smaller than the
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How wetting affects drying
Surprisingly, air flow can reduce the rate of drying of a hydrophobic porous medium

Porous materials such as concrete in contact
with the air undergo imbibition–drying
cycles which seriously affect their durability.
Hydrophobic surface treatments reduce the
damage by creating a protective layer
preventing water from imbibing the porous
medium. However, the effect of wettability
on water transport within porous media is
not well understood.
N Shahidzadeh-Bonn, A Azouni and P
Coussot at the Institute Navier, France have
carried out drying experiments on model
porous media with well controlled
wettability properties of the solid. They also
varied the boundary conditions by allowing
the presence or absence of air flow at the
evaporating surface.
For a hydrophilic porous medium, drying
is mainly controlled by the liquid film
covering the solid grains and capillary rise
inside the pores, leading to a constant drying
rate and a homogeneous desaturation of the
whole sample in time. The evaporation
kinetics of a hydrophobic porous medium is
slower because of the small capillary rise
related to the wetting heterogeneities
(partially wetted surface). If the evaporated
surface is no longer wetted by the liquid

maintain liquid at the evaporating surface
and hence ensure a partially wetted medium.
Consequently, drying becomes governed by
diffusion only associated with a receding
(dry) front.
Effect of wetting properties on the
kinetics of drying of porous media
N Shahidzadeh-Bonn, A Azouni and P
Coussot
J. Phys.: Condens. Matter 19 (2007) 112101
(7pp)
Evaporated mass of liquid as a function of time for a hydrophobic
porous medium (a) without air flow and (b) in the presence of an air
flow on the top surface (0.2 m s -1).

(corresponding to a receding drying front),
the evaporated molecules have to be
transported by a diffusion process.
A surprising result of the competition
between localized capillary rise and
diffusion is that over long times the
evaporation rate can become smaller with air
flow that without. Due to air flow, the initial
drying rate at the surface is large and
capillary transport remains insufficient to

Ferromagnetic double perovskites
Double perovskites show a range of magnetic and transport properties with potential device applications

There has been much recent interest in halfmetallic ferromagnets such as Sr2FeMoO6
because of their potential application in
spintronics. J M De Teresa and co-workers
from Zaragoza present a comprehensive
review of the structural, magnetic and
transport properties of double perovskites
(A2BB’O6) with ferromagnetism above room
temperature. Ferromagnetism in these
compounds is explained by an indirect
B–O–B’–O–B exchange interaction mediated
by itinerant electrons.
The BB’ = FeMo-based double perovskites,
of which Sr2FeMoO6 (TC = 420 K) is the most
studied, show metallic behaviour and low
magnetic coercivity.
In the B’ = Re compounds, the significant
orbital moment of Re plays a crucial role in
the magnetic properties, for example in the
large magnetic coercivity and
magnetostructural coupling. The A2FeReO6
series, with maximum TC = 520 K for
Ca2FeReO6, shows a tendency to
semiconducting behaviour. Finally, the
Sr2(Fe1-Cr )ReO6 series, of which Sr2CrReO6

as electrodes in magnetic tunnel junctions.
Further challenges are to develop growth
routes for thin films and single crystals, in
order to realize breakthrough spintronic
devices.

Phase diagram of A2FeMoO6 with data taken from several
references The solid line is the averaged value of TC. Dark areas
correspond to the ferromagnetic phase, while lighter ones to the
paramagnetic phase.

Double perovskites with
ferromagnetism above room
temperature
D Serrate, J M De Teresa and M R Ibarra
J. Phys.: Condens. Matter 19 (2007) 023201
(86pp)

has the highest known TC in an oxide
compound without Fe(625 K) and is metallic.
The authors discuss the impact of these
materials for spin electronics in the light of
their high spin polarization at the Fermi level
and metallicity. There is particular interest in
the large intergrain magnetoresistance effect
observed in polycrystalline samples and the
possible implementation of these materials
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Spin ices get stuffing
Stuffing spin ices with extra spins appears to lead to new magnetic phases

In ‘spin ices’ exchange interactions, crystal
fields, and dipolar interactions are in a
delicate balance, yielding a ground state with
large residual spin entropy. ‘Stuffed’ spin ices
have shown that an increase of the density of
spins results in very little change in the
residual entropy, so residual entropy states
might be relatively common.
Jason Gardner (NIST) together with
workers at the National High Magnetic Field
Laboratory and others have performed on
scattering experiments on a crystal of stuffed
spin ice Ho2.3Ti1.7O7-␦, to observe how the
spins order at low temperatures. This system
still has some key signatures of the spin ice
state, but the spin dynamics is significantly
altered.
The excess residual entropy/spin can be
explained through the remaining fluctuating
Ho3+ spins upon the B-sites that do not
follow the ice rules. These spins shift the
correlations of the ice state on the A-site to a
ferromagnetic character, and this new
ground state is more dynamic that the
tradition ‘frozen’ ice state.
‘Stuffing’ the system with extra spins

Inelastic neutron scattering experiments on the x = 0.3 stuffed spin ice at 55 mK, 700 mK and 10 K, noting the appearance of a gapped spin
excitation at low temperatures.

seems to free up the dynamics. The opposite
approach, adding diamagnetic impurities to
the system, has been predicted to have this
effect much like doping water ice with KOH
leads to new ordered phases. ‘Stuffing’
lattices with extra spins might yield a similar
result, leading to new magnetic phases at
higher doping levels.
It is possible that the new modes in the
‘stuffed spin ice’ are from collective modes of
a more dynamic ice system as a whole, which
would be expected to be ergodic, with no

residual entropy. The realization of the spin
liquid within the ‘stuffed spin ice’ (in effect,
melting the ice state through the increased
density of spins) would seem to violate the
third law of thermodynamics.
The origin of persistent spin dynamics
and residual entropy in the stuffed spin
ice Ho2.3Ti1.7O7-␦
H D Zhou et al
J. Phys.: Condens. Matter 19 (2007) 342201
(7pp)
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