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General Information

Scientific program:

The conference will take place at the Waiheke Island Resort. All lectures will be held in the
Waiheke Suite. Chairpersons and speakers are asked to adhere closely to the schedule
for the oral program. A laptop, data projector, laser pointer and microphone will be
available. Please check as early as possible the compatibility with the computer facilities
provided. Posters should be mounted on Tuesday evening or Wednesday morning in the
Bay Room and Palm Room (please refer to the number of your poster). Please remove all

posters by Thursday night or Friday morning.

Administration:

Please wear your name tag at all times. Registration desk will be open from 3 pm - 6 pm
on Tuesday for delegate registration and other matters regarding the conference.
Questions or problems about the accommodation, please contact the Resort reception.
Wireless internet access is available in and around the conference facilities/main house.
Please make sure to pay for any additional costs charged by you on your room number

before your departure.

Meals, refreshments and recreational facilities:

Breakfast, lunch and dinner will be served in the Resort Restaurant ‘The Lookout'.
Welcome drinks will be available on Tuesday, 2nd Feb. at “‘The Lookout’ Bar from 5.30 pm
onwards. Breakfast will be served from 7 am - 9 am. Lunch will be served according to the
program on Wednesday and Thursday between 12.50 pm and 1.50 pm. On Tuesday
dinner (buffet) will be served at ‘The Lookout’” from 6.30 pm onwards. On Wednesday
dinner will be a BBQ at ‘The Lookout’. The conference dinner will take place at ‘The
Dunes’ at Onetangi Bay at 7.30 pm on Thursday. Shuttle busses will depart from the main
entrance at 7 pm. Shuttle busses back to the Resort will depart every 30 min from 10 pm
onwards. Morning and afternoon tea will be available outside the conference room.
Refreshments will be available at ‘The Lookout’ Bar til late. You are welcome to enjoy the

on-site facilities which include an outdoor swimming pool, tennis court, and petanque-pit.



Contact Details:

Waiheke Island Resort
4 Bay Road

Palm Beach

Waiheke Island

Phone 0064 - 9 - 372 0011

Organising committee:
Tilo S6hnel 0064 - 21 - 1719387 or

Kathrin Wichmann 0064 - 21 - 1794456
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ABSTRACTS



1
High Pressure Simulations — Squeezing the Hell out of Atoms

P. Schwerdtfeger, A. Hermann and J. Cox

Centre for Theoretical Chemistry and Physics, The New Zealand Institute for Advanced

Study, Massey University (Albany Campus), Auckland, New Zealand.

The pressure range accessible to laboratory experiments exceeds now a remarkable 20 orders
of magnitude, from ultra-high vacuum (< 1 nPa) to ulta-high pressures (> 100 GPa). With the
development of high-pressure diamond-anvil cells we are now able to study materials at
pressures equivalent to the pressure at the centre of our earth (350 GPa). In other planets and
stars pressures beyond the TPa range are reached, which can only be explored by
thermonuclear explosions or by theoretical methods. At high pressures unusual structures and
materials properties are observed. It is currently a formidable task to obtain the equation-of-
state for a solid up to high pressures and temperatures. Our research group has just achieved
that recently for neon, where the isotherms are in excellent agreement with experimental
data. Fundamental questions we are currently exploring is, for example, if we can already
understand the simple density-pressure relationship of simple atomic crystals (like helium or
neon) from squeezing atoms. We further present density functional results for the metallic
phase transition of CrCl> (see picture below) currently investigated experimentally at the

Max-Planck Institute in Stuttgart, and for optical properties
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Specific heat of a Ferroelectric PZT Ceramic at the Morphotropic Phase

Boundary

S.B. Lang!, J.C. Lashley?, K.A. Modic?, R.A. Fisher’, WM. Zhu* and Z.G. Ye*
!Department of Chemical Engineering, Ben-Gurion University of the Negev, Beer Sheva,

Israel

’Los Alamos National Laboratory, Los Alamos, NM, USA

3Lawrence Berkeley National Laboratory, Berkeley, CA, USA
“Department of Chemistry & 4D Labs, Simon Fraser University, Burnaby, BC, Canada

Ferroelectric ceramic materials have a wide range of applications because of their
piezoelectric and pyroelectric properties. One of their most important physical properties is
the specific heat. In this study, the specific heats of a series of lead-zirconate-titanate (PZT)
compositions in the vicinity of the morphotropic phase boundary (MPB) were measured. The
temperature range was from 1.8 to 300 K. It is believed that these are the lowest temperature
measurements ever made on PZT. Differences between the specific heats of the different
compositions were very small. However, the calculated Debye temperatures were slightly

different. The results are useful in computing design parameters for technical devices.
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Electronic structure and magnetism in rare-earth nitrides

B.J. Ruck#b, H.J. Trodahl2b, J. Richter®, N.O.V. Planck2®, F. Nataliz®, B.M.
Ludbrookab, A.R.H. Preston2bf, S.M. Durbin?¢, R.J. Reeves®d, I.L. Farrell2d, W.R.L
Lambrecht®, and K.E. Smithf
& MacDiarmid Institute for Advanced Materials and Nanotechnology, New Zealand.
bSchool of Chemical and Physical Sciences, Victoria University of Wellington, PO Box 600,
Wellington, New Zealand.
¢ Department of Electrical and Computer Engineering, University of Canterbury,
Christchurch 8140, New Zealand.

4 Department of Physics and Astronomy, University of Canterbury, Christchurch 8140,
New Zealand.

e Case Western Reserve University, Cleveland, Ohio, USA.

f Boston University, Boston, Massachusetts, USA.

The rare-earth nitrides (RE-N) represent a class of materials displaying especially strong
coupling between their electronic and magnetic properties. They lie on the boundary between
metals and insulators, and treating the strongly correlated 4/ electrons within band theory is a
challenge for the developing theoretical methods. Various treatments disagree about such
fundamental issues as whether the members of the RE-N series are metals or insulators, and
of equal interest to the possibility of half-metals are predictions that some are intrinsic
ferromagnetic semiconductors, with the same spin polarisation in both the valence and
conduction bands.

Experimental studies addressing the theoretical predictions have been limited, due largely to
the lack of quality samples, and the propensity of the RE-Ns to react with atmosphere. We
have recently made advances in the growth and passivation of thin RE-N films, and using a
combination of optical and synchrotron-based x-ray spectroscopy, along with magnetic and
transport measurements, we have begun to elucidate their electronic and magnetic structure.
We have found that GdAN, SmN, and DyN are semiconducting, with GdN in particular
showing very strong coupling between magnetic and transport properties. By contrast, EuN is
metallic, and quite likely half-metallic, with mobile electrons of only one spin orientation.
The results suggest that interesting spintronics devices could be made based on these

materials.
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Thermodynamics and the prospects for room-temperature

superconductivity

J.L. Tallon
MacDiarmid Institute for Advanced Materials and Nanotechnology and
Industrial Research Ltd, P.O. Box 31310, Lower Hutt, New Zealand.

There is as yet no agreed theory of high-T. superconductivity in the cuprates. That need not
hold us back from understanding many of their properties.. Thermodynamics presents a
powerful theoretical tool to predict physical properties even in the absence of a detailed
microscopic theory. Here we focus on two features: (i) the temperature and doping
dependence of the relevant energy scales and (i1) the role of thermodynamic fluctuations.

We will firstly reconcile the apparently disparate spectroscopic data and show from many
different spectroscopic techniques that there are two distinct energy scales to the problem,

namely the superconducting energy gap, Ao, and the pseudogap which coexists with

superconductivity and persists into the normal state. We deduce the temperature, doping and
momentum dependence of these energy gaps [1].

We then turn to the role of fluctuations and show that they are a billion-fold stronger than in
e.g. aluminium. An important outcome is that T¢ is depressed well below its mean-field value,
T, A simple entropy construction allows the computation of T,™ from experimental data
and the values are surprisingly high [2]. In the light of this we then consider again the energy
gaps and show that, surprisingly, 2Ao/ksT™ takes the conventional BCS value, as does the
condensation energy suggesting that the cuprates are perhaps more conventional than we
previously thought.

The stage is now set to consider the prospects for superconductivity at room temperature.

Here we can make some very clear predictions...

[1] J. L. Tallon and J. G. Storey, Nature Physics (submitted); http://arxiv.org/abs/0908.4430.
[2] J. L. Tallon, J. G. Storey, and J. W. Loram, Phys. Rev. Lett. (submitted); http://arxiv.org/
abs/0908.4428




Surface treatment: new methods, new applications

J.S. Colligon

Dalton Research Institute, Manchester Metropolitan University, Chester Street,

Manchester M1 5GD, UK.

The ability to provide a wide range of surface coatings on materials, or, to modify the surface
in other ways, gives the design engineer considerable freedom since a material can be selected
for its ideal bulk properties and the surface tailored to provide protection, or, to generate
special features. The glass and cutting tool industry has already taken advantage of such
coatings with glass coating itself now worth USD65 billion p.a. and hard/wear-resistant
coatings some USDI10 billion p.a. However there are continuing developments in coating
techniques and many new applications of such coatings are proving to be viable. The present
Highlights talk will describe some of these many developments.

The presentation will include a discussion of some recent vapour deposition and ion
bombardment methods which provide special surface treatments and coatings. Examples will
be given of techniques which, depending on chosen parameters, produce dense coatings, open-
structured coatings, corrosion-resistant layers, nanocomposite hard coatings, low friction
surfaces, coatings promoting bio-activity and the new MAX-phase multilayers which can, like
ceramics, withstand extremely high temperatures (order 1400°C) but are easy to machine. It
will be shown that the presence of even low levels of impurities can change the properties of

certain types of coating.
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NMR detection of dilute defect phases in solids

T.J. Bastow
CSIRO Private Bag 33 South Clayton, Victoria 3169, Australia.

The capability of NMR to observe defect structures in solids, to detect substitutional sites or
atom interchange (antisites), and to infer the presence of vacancies, is demonstrated for a
number of intermetallic and geological specimens.

Carefully prepared Ai1xBi+~ binaries (AlFe, CuZn, CoZr) where -0.02< x <0.02 were
examined. The probe nuclei 2’Al, 3Cu and °!Zr were used to detect and quantify defect sites
[1]. In different preparations of the stoichiometric compound LaxCu:Mg, Mg is used to
detect atomic interchange in a structure for which X-ray diffraction indicated excellent lattice
ordering and all sites fully occupied within two standard deviations [2]. Finally several
naturally occuring minerals into which impurity elements such as Al or F have diffused over
geological time have been shown to exhibit sharply defined 2’Al and 'F resonances,
indicating substitution of these elements in the host lattice [3].

In such materials the presence of vacancies and atomic interchange can go undetected by
powder X-ray diffraction which is very sensitive to long range lattice ordering but
considerably less sensitive to short range or localised disorder. NMR provides a good
complement to XRD in that only nearest or next nearest neighbours to the atom of the probe
nucleus make any substantial contribution to the chemical shifts and hyperfine interactions

that determine the resonance line(shape) and characterise the site.

[1] T. J. Bastow and C. J. Rossouw, Phil. Mag. Letters, 78, 461 (1998).

[2] R. Mishra, R.-D. Hoffmann and R. Pottgen, Z. Naturforsch., 56b, 239 (2001).
T. J. Bastow and S. Celotto, Solid State Magnetic Resonance, 35,217 (2009).

[3] I. Grey et al, MSs in preparation.
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Wavefunction-based correlation calculations for the potential energy

surface of zinc and cadmium: understanding the hcp anisotropy

N. Gaston®?, B. Paulus®, D. Andrae¢, U. Wedigd, and M. Jansend
2 Industrial Research Limited, PO Box 31-310, Lower Hutt, New Zealand.
b MacDiarmid Institute for Advanced Materials and Nanotechnology,
Victoria University of Wellington, P.O. Box 600, Wellington, New Zealand.
¢ Physical and Theoretical Chemistry, Free University Berlin,
Takustrasse 3, D-14195 Berlin, Germany
4 Max Planck Institute for Solid State Research,

Heisenbergstrasse 1, D-70569 Stuttgart, Germany

Cadmium crystallises in the hcp structure, but with an anomalously large c¢/a ratio, indicating
a strong distortion away from ideal packing. Coupled cluster calculations within the
framework of the method of increments with an embedding scheme for metals were
performed to explore the potential energy surface of cadmium with respect to the hexagonal
lattice parameters. This potential energy surface is compared to density functional theory
based surfaces, as calculated with various functionals. The overall flatness of the potential
energy surface over a wide range of values of the lattice parameter ¢ is analogous for both
treatments, however only within the method of increments do we quantitatively describe the
cohesion. The overall behaviour of the method of increments for cadmium is consistent with
previous results for zinc [1], emphasising the dominant role of electronic correlation in
achieving a sufficiently accurate description of bonding properties for the two elements;

however, a detailed analysis shows differences [2].

[1] N. Gaston, B. Paulus, U. Wedig, and M. Jansen, Phys. Rev. Lett. 100, 226404 (2008).
[2] N. Gaston, B. Paulus, D. Andrae, U. Wedig, and M. Jansen, Phys. Chem. Chem. Phys.
accepted (2009).
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Solid state calculations of ice from an incremental coupled cluster approach

A. Hermann®®, and P. Schwerdtfeger®
@ Department of Chemistry, The University of Auckland, New Zealand.
b Centre for Theoretical Chemistry and Physics, NZ Institute for Advanced Study,
Massey University, New Zealand.

Water and ice attract a huge amount of interest in the physical and biological sciences,
because of their abundance on Earth and in interstellar space, and their role in a multitude of
biological, chemical and physical processes. Many of their properties are related to the unique
characteristics of the hydrogen bond between water molecules. Understanding and, in
theoretical studies, correctly describing the hydrogen bond network in water and ice is crucial
to their understanding.

Here, we present ground state calculations of crystalline ice, from a combination of periodic
Hartree-Fock and localized correlation calculations on coupled-cluster level of theory. We
show that the method of increments [1] used here is applicable to aqueous systems and can be
truncated after the two-body term. We obtain ground state properties in very good agreement
with experimental results, beating the accuracy of density functional theory results by about
an order of magnitude [2]. The pair-wise character of the hydrogen bond interaction suggests
the possibility to accurately simulate liquid water by using periodic Hartree-Fock calculations

together with a parameterized two-body correlation potential.

Figure 1: Hexagonal ice 14, with typical two- and three-body interactions used in the

incremental calculation of the solid’s correlation energy.

[1] H. Stoll. Phys. Rev. B 46, 6700 (1992).
[2] A.Hermann and P. Schwerdtfeger. Phys. Rev. Lett. 101, 183005 (2008).
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The World of Wombat: a review of high speed neutron diffraction at the

OPAL research reactor.

A.J. Studer
The Bragg Institute, ANSTO, Menai NSW 2234, Australia.

Wombat is one of a suite of neutron beam instruments at the OPAL reactor at the ANSTO site
at Lucas Heights, just south of Sydney. In its original conception, Wombat was intended to be
used for high speed powder diffraction. One key aim of the instrument was to be able to
follow structural change in real time, in timeframes down to less than a second. For example,
Wombat has been used to follow the progress of industrial processes such as sintering of
steels in situ.

In cyclic systems, Wombat is able to acquire data stroboscopically. This means that the
instrument can measure a rapidly changing system (easily up to a kilohertz) with time
resolutions down to tens of microseconds, provided the system repeats itself enough to
acquire sufficient statistics. For example, Wombat has been used to measure real time
structural change in piezoelectric materials due to electric field cycling.

Wombat is routinely used for parametric studies, for example in mapping the response of a
material to temperature or magnetic field. Wombat is capable of measuring single crystal
samples too, and is complementary to the dedicated Koala single crystal instrument at OPAL.
For example, the instrument has been used to measure magnetic structure transitions in single
crystal samples as a result of applied magnetic field.

Wombat is an exciting instrument with a broad, exciting range of applications, and the aim of
this talk is to illustrate the diversity of possibilities of the instrument by describing a range of

recent experiments performed on it.
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Kohn Anomaly in Conventional Superconductors: A Surprise

M.P. Das
Department of Theoretical Physics, Research School of Physics and Engineering
The Australian National University, Canberra, ACT 0200, Australia.

Kohn anomaly occurs in metals as a weak but discernible kink in the phonon spectrum around
2k arising out of screened Coulombic interaction. The implication of the Kohn anomaly has
to provide the direct information about the shape of the Fermi surface. In the early sixties
Brockhouse and coworkers made the first observation of Kohn anomaly in Pb and over the
years this has been observed in a number of normal metallic systems. Recently as a major
surprise, neutron spin-echo experiments on elemental (conventional) superconductors Pb and
Nb (Keimer and coworkers 2008) reveal a very important and striking relation that Kohn
(anomaly) energy, wxa equals twice the energy of the superconducting gap, A (0) . From the
theoretical perspective the Kohn anomaly and the BCS pairing theory do not seem to belong
to a common platform. In this talk we explore the microscopic origin of this novel

phenomenon and discuss its implication to the standard model BCS theory.
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Spin-mediated strong coupling superconductivity in lightly doped cuprates

W. Chen? and O. P. Sushkov?
4 School of Physics, University of New South Wales, Sydney 2052, Australia.

We show that in the lightly doped regime of cuprates, where magnetic spiral order is present,
the interaction between holes and magnetic spirals can lead to superconductivity. Formulated
within strong coupling Eliashberg equations, we found that holes excite both in-plane and out-
of-plane distortion of magnetic spirals, which effectively causes a retarded attractive
interaction between holes, similar to the pairing mechanism in phonon-mediated strong
coupling superconductors. The d-wave symmetry of pairing amplitude is well reproduced,

and the comparison with experiments in the relevant doping regime will be discussed.
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Copper Selenide: Soft Phonon Modes and Superionic Phase Transition

S.A. Danilkin, M. Yethiraj, G.J. Kearley
Bragg Institute, ANSTO, New Illawarra Road, Lucas Heights NSW, Australia

This paper reports lattice dynamical measurements of CuigSe superionic conductor having
structure of the superionic a-phase at ambient temperature. CuzsSe is a mixed ionic-electronic
conductor with a superionic transition at 414K in stoichiometric compound CuzSe. At room

temperature the superionic a-phase exists in the composition range from 8 = 0.15 to 0.25. The

important features of the Cui.sSe compound is the ordering of Cu atoms observed at ambient
temperature [1] which is described as “disordered” a - phase in the literature and presence of
low-energy transverse acoustic (TA) modes [2]. Measurements of phonon dispersion curves
were performed with the new triple-axis spectrometer, TAIPAN, at the OPAL reactor [3]. We
found that TA [100], TA [111] and TA; [110] phonon branches demonstrate a decrease in
frequency at wavevectors g/gn > 0.5 rather than the flattening observed previously. Results
are compared with calculated density functional theoretical calculations showing the presence
of unstable soft mode related to ordering of Cu atoms in CuigSe at room temperature

followed by a - B phase transition at a lower temperature. Superstructure arising from the

ordering causes effects similar to the folding of the Brillouin zone, although phonon
intensities at new Brillouin zone centres are weak. The coupling of low-energy phonon modes

with displacement of mobile ions can explain the strong damping of phonons at ¢/g, > 0.5.

[1] S.A. Danilkin, Solid State lonics, 180, 483 (2009).

[2] S.A. Danilkin, A.N. Skomorokhov, A. Hoser, H. Fuess, V. Rajevac, N.N. Bickulova, J.
Alloys and Compounds, 361, 57 (2003).

[3] S. Danilkin, G. Horton, R. Moore, G. Braoudakis, M. Hagen: J. Neutron Research, 15, 55
(2007).
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ZnO solid state dye sensitized solar cells

N.O.V. Plank®b, M.E. Welland® and H.J. Snaith®
aThe MacDiarmid Institute for Advanced Materials and Nanotechnology, School of Chemical
and Physical Sciences, Victoria University, PO Box 600, Wellington 6140, New Zealand.
5The Nanoscience centre, 11 JJ Thomson Avenue. Cambridge, U.K.

¢Condensed Matter Physics, Department of Physics,Clarendon Laboratory, Parks
Road, OxfordU.K.

Solid-state dye-sensitised solar cells (SDSCs) are a promising technology for energy
applications due to their low cost fabrication methods and the use of low toxicity materials.
[1-4] One of the key advantages of SDSCs is that the resulting devices are lightweight, can be
“flexible” and transparent in certain wavelength ranges, making solar cells useful for a wide-
range of applications. Here work is presented on the facile synthesis of ZnO nanowires for
SDSCs. In general the power conversion efficiency for ZnO solar cells has been routinely
lower than the TiO2 nanoparticle counter parts [1-4], however, the two materials are similar
and ZnO should show improved conduction performance. We have applied an MgO and a
ZrO2 shell deposition method to control the interface between two indolene based organic
dyes, in SDSCs. The shell deposition was carried out at less than 100°C and shell thickness
was shown to be 2nm for the ZrO> and 6-10nm for the MgO by transmission electron
microscopy (TEM) [5,6]. X-ray photoelectron spectroscopy (XPS) has shown the ZnO NWs
and core-shell structures have little water contamination. The use of dyes, D102 and D149 has
lead to power conversion efficiency for ZnO NW based hybrid solar cells of 0.71%.

8 IO 2O NWs
(b) & Zr0 ZrO, NW's + Dye
s ®
o -
=5 ..
= -
3 o
“
P 4 .
L' .
-— R B
o o
. ® .o

187 186 185 184 183 B2 187 180
Binding energy (eV)

Figure 1 (a) TEM image of ZrO2 on ZnO NWs and (b) resulting XPS spectra indicating ZrO».

[1] Brian O’Regan, Frank Lenzmann, Ruud Muis, and Jeannette Wienke, Chem. Mat., 2002
14, 5023

[2] Henry J. Snaith, Shaik M. Zakeeruddin, Qing Wang, Péter Péchy, and Michael Gritzel.
Nano Lett., 2006, 6, 2000

[3] Henry J Snaith, Robin Humphry-Baker, Peter Chen, Ilkay Cesar, Shaik M Zakeeruddin
and Michael Gritzel, Nanotech., 2008, 19, 424003

[4] Jun-Ho Yum, Dr., Peter Chen, Michael Gritzel, Prof. Dr., Mohammad K.
Nazeeruddin, ChemSusChem, 2008, 1, 699
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The Crystal Structure of the Close-Packed Polymorphs of Ytterbium:

A Quantum Chemical Study

D. Andrae and B. Paulus
Institute of Chemistry and Biochemistry, Physical and Theoretical Chemistry,
Freie Universitdt Berlin, Takustr. 3, D-14195 Berlin, Germany.

The rare earth element ytterbium (70Yb) is known to exist in three allotropic forms at ambient
pressure. The a-phase with hcp structure is reported as being the most stable polymorph at
temperatures below 260 K, the f-phase with fcc structure is the most stable form at room
temperature, and the y-phase with bec structure is the preferred form in a small temperature
range below the melting point (1097 K). Furthermore, the (3-phase is known to become a
semiconductor at higher pressure (1.6 GPa).

The present theoretical study aims to improve the understanding of electronic structure in the

a- and P-phases of ytterbium, in particular with respect to the role of electron correlation

contributions from different atomic shells. We apply quantum chemical methods, based either
on wave functions or on density functionals, in order to elucidate differences and / or
similarities in the electronic and crystal structures of the close-packed polymorphs of
ytterbium. This work extends our previous studies on crystal structures of metals from group
2 [1] and group 12 [2,3] which are also formed from atoms with closed-shell ground states

(the ground state of the ytterbium atom is [54Xe] 414 6s? IS).

[1] E. Voloshina and B. Paulus, Phys. Rev. B75, 245117 (2007).

[2] N. Gaston, B. Paulus, U. Wedig and M. Jansen, Phys. Rev. Lett. 100, 226404 (2008).

[3] N. Gaston, D. Andrae, B. Paulus, U. Wedig and M. Jansen, Phys. Chem. Chem. Phys.,
2009, in print (DOI: 10.1039/b915967¢)
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Approaching metallic hydrogen through chemical stealth

N. W. Ashcroft
Laboratory of Atomic and Solid State Physics,
Cornell University, Ithaca, N.Y 14853-2501, USA.

Isolated atoms later classified as metals possess high linear dipole polarizabilities,
sufficiently high that large assemblies of them undergo polarization catastrophes en route to
condensed states. Except for hydrogen whose polarizability is relatively low, this is the case
for the Group I elements, with or without intervention of any dimerization. The dimer in
hydrogen is robustly preserved in the condensed state even under the action of mutual
invasion by neighbors impelled by high pressure. Static densification of solid hydrogen, by as
much as a factor of 13, has not yet led to a metallic state. Were such a state to exist, recent
superconducting density functional theories are confirming earlier estimates of
superconducting transition temperatures of over 200K. Might, therefore, an approximant to a
metallic phase of hydrogen, even as a hydrogen-rich eutectic alloy, be approached through
indirect chemical pathways by exploiting hydrogen's willingness to engage in the formation
of some very high hydrides? The crucial involvement of what may be termed “chemical pre-
compression” in influencing formation of hydrogen’s metallic state will be explored, starting
with the hydrogen problem itself, along with some of the emerging consequences as

manifested in recent experiments and analyses.
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X-ray Photon Correlation Spectroscopy Applied to the Study of a

Martensitic Transformation

L. Miiller?, M. Waldorf?, C. Gutt®, A. Madsen®, G. Griibel®, T.R. Finlayson? and U. Klemradt?
a [I Physikalisches Institute, RWTH Aachen University, D-52056 Aachen, Germany.
b HASYLAB at DESY, D-22603 Hamburg, Germany.
¢ European Synchrotron Research Facility, 38043 Grenoble Cedex, France.
4 School of Physics, University of Melbourne, Victoria 3010, Australia.

Photon correlation spectroscopy (PCS) which had its origins in the study of the dynamics of
concentration fluctuations in bulk polymers, particularly in the vicinity of the glass transition
[1], will be briefly reviewed. In the current research this spectroscopy has been extended to
the X-ray wavelength range in order to examine aging dynamics in the vicinity of the
martensitic transformation. Such aging dynamics have been a topic of considerable discussion
in the martensite literature during the last two decades and some of this literature will also be
reviewed. Indeed, while the most successful explanation for the aging phenomenon of
martensites is defect-related diffusion diffusion processes in the low-temperature (martensitic)
phase [2], no previous experiments have specifically addressed the time scales associated with
the nanoscopic structural changes.

Using a AusosCdsos, single crystal, X-ray photon correlation spectroscopy (XPCS)
measurements in diffraction geometry were carried out at the ESRF beamline, ID10A. High,
temperature resolution (0.1 K) and stability (= 4 mK) were employed to resolve potentially
slow dynamics in the vicinity of the phase transformation. Two-dimensional scattering data
were recorded close to the (001) Bragg reflection. From an analysis of correlation functions at
each temperature, characteristic timescales have been determined as a function of aging time,
which reveal time constants ranging from about 400 s to over 6000 s at the largest aging

times.

[1] G.D. Patterson in Light Scattering from Polymers (Springer-Verlag, 1983) pp125-159.
[2] X.Ren and K. Otsuka, Nature 389, 579-582 (1997).
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Systematic trends in the structural phase transitions of the 4d

transition-metal oxides SrMOs; ( M = Zr, Nb, Mo, Tc, Ru and Rh)

B.J. Kennedy
a School of Chemistry, The University of Sydney, Sydney, NSW 2042, Australia.

The technological demand for materials with new or novel properties drives much of
the current research of perovskite-type oxides. The 4d transition metal oxides (TMO) are
currently attracting considerable attention because of the intriguing properties these display
including phenomena such as superconductivity, metal-insulator transitions and colossal
magneto-resistivity. These phenomena suggest that, contrary to the traditional view that the 4d
orbitals are diffuse, strong correlation effects are present in some 4d TMO. By comparison
with the 3d TMO there are relatively few systematic studies of the 4d TMO.

In this presentation I will review our work on the structural phase transition of the series
StMOs, including presenting the results of our recent synchrotron X-ray and neutron
diffraction studies of the early 4d oxides StNbO3; SrMoOs3 and SrTcOs. In all cases the SrMO3
oxides form a perovskite-type structure however the nature and magnitude of the cooperative
tilting of the MOg octahedra is found to depend on both the electronic configuration and
ionic radii of the 4d metal. Two other remarkable observations emerge from this work,

namely the robust magnetic structure of SrTcO3 and the presence of an unusual class of tilted

perovskite in STINbO3
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Figure 1. Temperature dependence of the cubic transition temperature for the series of 4d

SrMOs3 perovskites.
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Anomalous Spin Dynamics and Orbital Excitations in Mott-Insulating

Titanates

C. Ulrich*b¢, G. Khaliullin®, L.J.P. AmentY, G. Ghiringhelli¢, L. Braicoviche, T. Lorenz,
Y. Tokurag, J. van den Brinkd, and B. Keimer®
aSchool of Physics, University of New South Wales, NSW 2052, Australia.
> The Bragg Institute, ANSTO, NSW 2234, Australia.
¢ Max-Planck Institute for solid state research, 70567 Stuttgart, Germany.
d Institute-Lorentz for Theoretical Physics, Universiteit Leiden, The Netherlands.
¢ Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy.
PII. Physikalisches Institut, Universitdt zu Kéln, 50937 Koln, Germany.
¢ Department of Applied Physics, University of Tokyo, 113 Tokyo, Japan.

Spin and orbital degrees of freedom play an important role in the various phenomena of
strongly correlated electron systems like unconventional high-temperature superconductivity
in cuprates or colossal magnetoresistance in manganates. Our extensive neutron scattering
experiments on the cubic perovskite titanates LaTiO3; and YTiOs lead to the discovery of a
highly unusual magnetic ground state which is in contradiction to the standard Goodenough-
Kanamori rules, but indicates the presence of strong orbital fluctuations [1-4].

Raman light scattering spectra of LaTiO3; and YTiOs exhibit unexpected features in the high
energy range well above the phonon spectrum [5]. Using momentum dependent resonant
inelastic x-ray scattering (RIXS) experiments in combination with theoretical calculations, we
were able to identify these excitations as collective orbital excitations (orbital waves termed

‘orbitons’) [6-7].

[1] B. Keimer et al., Phys. Rev. Lett. 85, 3946 (2000).

[2] G. Khaliulin and S. Maekawa, Phys. Rev. Lett. 85, 3950 (2000).
[3] C. Ulrich et al., Phys. Rev. Lett. 89, 167202 (2002).

[4] G. Khaliullin and S. Okamoto, Phys. Rev. Lett. 89, 167201 (2002).
[5] C. Ulrich et al., Phys. Rev. Lett. 97, 157401 (2006).

[6] C. Ulrich et al., Phys. Rev. B 77, 113102 (2008).

[7] C. Ulrich et al., Phys. Rev. Lett. 103, 107205 (2009).
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Single Polymer Globules of Multiblock Copolymers:

How to make a very Complicated Tennis Ball.

M.B. Pinson, R. Holmes and D.R.M. Williams
Research School of Physical Sciences, IAS, Australian National University,
Canberra ACT 0200, Australia.

We present a study of the conformations of a single multiblock copolymer chain in a poor
solvent. The chain has blocks ABAB.... with the A and B blocks of equal length and with
identical interactions with a solvent. The system is thus as symmetrical as possible. Using
numerical self-consistent field theory we study this system across the entire range of
experimentally accessible parameters, from the homogenous phase through to the strongly-
segregated state. The phase separated states are characterised by the interfacial area between
the A and B sections. In particular we show that the usual phase-separated structure consists
of two cylindrical-like regions wrapped around each other to form a sphere. This study allows

us to map out the whole phase diagram for this system. Moreover, we present a very simple

free energy analysis which allows the the phase boundaries to be predicted.
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Despite almost twenty years of endeavour, it is still not possible to grow single-walled carbon
nanotubes with selected chirality. Unfortunately, there are few clues from theory to guide
experiments in this area, which have largely relied on a trial and error approach. The growth
process is difficult to simulate computationally, due to the complex chemistry and
thermodynamics involved, and the long timescales associated with growth. Furthermore, there
have been few attempts to develop quantitative models that provide insight into chiral
selectivity. Here we report on the development of a model that focuses on the lift-off of the
carbon nanotube cap after nucleation. We test the model using atomistic molecular dynamics
simulations and discuss the implications of the model for understanding growth processes that

may control chirality.
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The coalescence of metallic nanoparticles is of interest as a method for bottom-up fabrication
of nanoelectronic components. Coalescence is observed to occur at temperatures significantly
lower than the bulk melting temperature: in the case of gold nanoparticles, for temperatures as
low as 200°C (Tm = 1064°C).

We have used in situ synchrotron small-angle x-ray scattering (SAXS) and x-ray diffraction
(XRD) to observe the particle/agglomerate size and the crystallographic grain size,
respectively, as a function of time at different temperatures. For each process there is a
threshold temperature below which no size increase is observed (200°C for agglommeration
and 220°C for grain ripening). The kinetics of each process at comparable temperatures are
different. The overall picture is that the initial coalescence is rapid, followed by grain ripening
to a maximum size determined by the temperature. This is also supported by computer

modelling work [1].

[1] T. Lim, D. McCarthy, S. Hendy, K. Stevens, S. Brown and R. Tilley, ACS Nano (2009) in
press.

We acknowledge funding from the Marsden Fund (IRL0602). Portions of this work were
carried out at the Stanford Synchrotron Radiation Lightsource, a national U.S. user facility
operated by Stanford University on behalf of the U.S. Department of Energy, Office of Basic
Energy Sciences.

* Current address: Department of Materials, Oxford University, Oxford, U.K.
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We pursue the idea of obtaining information about the melting transition by studying
finite clusters and extrapolating the results to infinitely large systems. In a first step,
extended Lennard-Jones (ELJ) potentials are generated by a fit to ab initio dimer data.
These pair potentials describe the most important two-body interactions in the clusters
very accurately but are at the same time computationally very efficient (as efficient as
the widely used Lennard-Jones potential). The melting behaviour of the nano clusters is

then simulated by making use of the
so-called parallel tempering Monte
Carlo method. In order to
extrapolate the results to the bulk we
look at magic number clusters which
possess prominent stabilities due to
several completed shells of atoms
around the central atom.

Very promising results on rare gas
clusters RGy (N=13-923) are
presented from which we could
extract melting temperatures with a
deviation of only about 5 per cent of
the experimental values (see Fig.1).
Quantum effects and three-body
effects have been included where
necessary. The next goal is to study
mercury Hg, for which very accurate
dimer data have already been
computed and fitted to the ELJ
form.
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Figure 1: Dependence of melting temperatures
on cluster size for neon and argon obtained
using classical two-body ELJ interactions
(crosses). For neon, quantum-corrected values
are shown as triangles; for argon, three-body
corrected values are shown as squares. The
experimental bulk melting lines are indicated as
vertical dotted lines.

[1] E. Pahl, F. Calvo, L. Koci, and P. Schwerdtfeger, Angew. Chem. Int. Ed., 47, 8207

(2008).

[2] E. Pahl, F. Calvo, and P. Schwerdtfeger, Int. J. of Quant. Chem., 109, 1812 (2009).
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Rh,Pd bimetallic nanoclusters supported on ceria show an active interface for steam
reforming of ethanol [1]. These studies implement the VASP code to elucidate the dispersion
of the active metal by modeling the metal support interaction and investigate manipulation of
the nanostructure by applied field [2]. Phenomenonology of the Metal-Semiconductor
junction and enhancement of the activity and selectivity for Hydrogen by amplification of the
image force induced dipole is presented. A model of the electronic structure of the junction is
developed which includes electron tunnelling in interfacial oxygen abstraction [3] and
contribution from the f states of cerium.

The studies are complemented by Synchrotron characterisation techniques; XAFS in
determination of the fine structure of the active metal clusters and XANES in identifying the

interfacial cationic active metal centers. An overview of the Synchrotron techniques is given.

Figure 1: HRTEM of bimetallic cluster Figure 2 : Optimised Pdo cluster.

supported on ceria, estimated atomic size 35

(courtesy Jordi Llorca).

[1] H. Idriss, M. Scott, J. Llorca, S. C. Chan, W. Chiu, P.-Y. Sheng, A. Yee, M. A. Blackford,
S. J. Pas, A. J. Hill, F. M. Alamgir, R. Rettew, C. Petersburg, S. D. Senanayake, M. A.
Barteau, ChemSusChem, 1, 905-910 (2008).

[2] B. Yoon, U. Landman, Physical Review Letters, 100, 1-4 (2008).

[3]1J. C. Frost, Nature, 334, 577 (1988).
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Over the past few decades studies of atomic clusters have largely focussed on fundamental
science issues. While some effort has previously been devoted to the production of new
materials based on clusters, the possibility that clusters could be used as nanoscale building
blocks for construction of nanoscale electronic devices has been little explored.

Since nanowires have been previously demonstrated by many groups to be effective
components in devices ranging from chemical sensors to transistors, we have focussed our
programme on the formation of contacted cluster chains / nanowires. We have demonstrated
nanowire formation by percolation, templating, and stencilling, as well as through novel no-
lift-off lithography techniques. We have also demonstrated prototype hydrogen sensors based
on Pd clusters, H> and NH3 gas sensors based on oxidised Sn clusters, filling of high aspect
ratio trenches with Cu clusters for interconnect applications, and working transistor structures
based on semiconductor cluster structures. In addition, we have observed many interesting
and striking physical effects during cluster deposition, such as bouncing of the clusters, and
we have developed a detailed of understanding of many of these processes, for example

electrical signatures of cluster coalescence and oxidation.
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It was widely believed that layers of atoms only a single atom thick (i.e. monolayers) could
not exist in the free state. It was therefore a surprise when Andre Geim and his group recently
demonstrated that they had succeeded in separating free-standing monolayers of carbon atoms
(“graphene”) from graphite. We give a brief overview of the unique properties and possible
applications of these graphene sheets [1,2]. The conductivity of samples with larger carrier
densities appears to be limited by relatively conventional scattering of charge carriers by
lattice vibrations at higher temperatures, but high-purity graphene can have electron
mobilities higher than that of any conventional semiconductor.

We have found the origin of the low-temperature resistance anomaly observed in graphene
samples for all carrier densities, showing [3] that it is caused by the decay of mesoscopic
resistance fluctuations that play a much greater role than in conventional 2D semiconductors;
however, some of the features observed provide a challenge for current theory. We shall
discuss the relation of the properties of graphene to those of carbon nanotubes [4] (which can
be regarded as thin graphene sheets rolled up). We have also analyzed conduction in samples
of graphene made by chemical reduction of sheets of graphene oxide. We propose an
inhomogeneous model involving different conduction mechanisms that provides a very good

account of the measured conductivity data for this type of sample [5].

[1] A.K. Geim and K.S. Novoselov, Nature Mater. 6, 183 (2007).

[2] A.K. Geim, Science 324, 1530 (2009).

[3] V. Skékalova, A.B. Kaiser, J.S. Yoo, D. Obergfell and S. Roth, Phys. Rev. B 74, 153404
(2009).

[4] V. Skékalova, A.B. Kaiser, Y.-S. Woo and S. Roth, Phys. Rev. B 74, 085403 (2006).

[5] A.B. Kaiser, C. Gomez-Navarro, R.S. Sunderam, M. Burghard and K. Kern, Nano Lett.
9, 1787 (2009).
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Two-level systems are routinely represented in terms of pseudo-spin-1/2 degrees of freedom,
and such pseudo-spins are usually considered to be entirely analogous to the real spin angular
momentum. Here we consider time reversal (TR) of pseudo-spins from a completely general
perspective and find that there exist two different types. One type behaves like ordinary spin,
for which all of its three Cartesian components are odd under TR. In addition, a second type
of pseudo-spin exists, behaving counter-intuitively in that only one Cartesian component is
odd and the other two are even under TR. The second type is not merely of academic interest,
as it is realised, eg, by the pseudo-spin representation of the 2D isotropic harmonic oscillator
(Schwinger model of spin-1/2) [1]. We show that the sublattice-related pseudospin of quasi-
relativistic charge carriers in graphene [2] also belongs to the second type. Our results imply
that, in the absence of true spin-orbit coupling, the quantum correction to the electric
resistance of single-layer graphene will be positive (weak localization). This provides a
natural explanation for the hitherto puzzling absence of the proposed [3,4] weak-anti-

localisation behaviour of graphene, as observed in recent experiments [5—7].

[1] J.J. Sakurai, Modern Quantum Mechanics (Addison-Wesley, 1994) revised ed.
[2] A.H. Castro Neto et al, Rev. Mod. Phys. 81, 109 (2009).

[3] H. Suzuura and T. Ando, Phys. Rev. Lett. 89, 266603 (2002).

[4] E.McCann et al, Phys. Rev. Lett. 97, 146805 (2006).

[5] S.V.Morozov et al., Phys. Rev. Lett. 97, 016801 (2006).

[6] X.Wuetal., Phys. Rev. Lett. 98, 136801 (2007).

[7] FE.V. Tikhonenko et al., Phys. Rev. Lett. 100, 056802 (2008).
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G.M. Geise, B.D. Freeman and D.R. Paul
Department of Chemical Engineering, The University of Texas at Austin, Austin, TX, USA.

Understanding water and ion transport in polymeric materials is critical for development of
new and improved desalination membrane materials. Currently, the materials used to produce
desalination membranes are generally polyamide or cellulose acetate based. However,
cellulose acetate materials are only applicable under restricted conditions and polyamide
materials suffer from low resistance to oxidation by chemicals such as the chlorine used to
disinfect water. Therefore, interest exists for developing new and improved materials for
desalination membranes. One such approach involves sulfonation of a hydrocarbon polymer.
Sulfonation increases the hydrophilic character of the polymer and, at high levels of
sulfonation, a polymer can have very high water permeability. However, as the degree of
sulfonation increases, the material can become water soluble. To avoid this, a block
copolymer architecture can be used. Here, a symmetric pentablock copolymer containing ¢-
butyl styrene end blocks, a selectively sulfonated middle block, and hydrogenated isoprene
blocks to connect the end blocks to the middle block has been studied. Water transport in
these materials has been studied as a function of degree of sulfonation and hydrophobicity of
the block copolymer. Ion transport behavior of highly charged materials, such as sulfonated
polymers, differs from that observed in hydrophilic and/or weakly charged polymer materials
due to ion exclusion, or Donnan exclusion, effects. Here, theory and experimental data for ion
transport in a sulfonated pentablock copolymer is presented and discussed. By increasing the
density of sulfonate groups in the hydrated micro-domains of the polymer, transport
properties can be tuned and the selectivity of water permeability to salt permeability can be

improved.
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Ultra-high molecular weight polyethylene polymer is the established bearing material in knee
prostheses due to its favourable wear properties. The large and persistent dynamic forces in an
artificial knee joint create however an immense number of polymer wear debris particles
ranging from submicron to visible size. These particles trigger the biochemical reactions
which in many patients result in early clinical failure of the prosthesis. The wear mechanisms
creating the particles are uncertain. The particle pathways in and near the prosthesis are not
clear. The relevance of particle size and shape on the bioactivity of particles is debated.

In a new experimental approach using radioisotope implantation, the pathways of polymer
wear particles have been traced from dislodgement to dispersion. In particular, during the
wear-in phase the formation of a polymer film on the actuating surface has been identified as
the result of a two-way transfer process of debris particles between actuator and polymer.
Similar experiments on actual prostheses using a realistic knee motion simulator are planned.
Dislodgement mechanisms of polymer debris are being studied with micro-scratching. Debris
particle sizes and shapes have been fully characterized in three-dimensions using scanning
probe microscopy. The dependence of bioactivity on particle size has been tested and
compared with results from other authors. A better understanding of the complex tribological
and transport processes which initiate prosthesis failure may emerge. Ultimately, adverse

debris particles and their pathways in the prosthesis may be suppressed.
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In this talk, after an overview of the influence that the combined use of High Pressure
and High temperature have in solids, we will describe our recent work in the synthesis
of an interesting family of metalocuprates.

We have been working for sometime on the synthesis at high pressure (P up to 12.5
Gpa) and high temperature (7 up to 1400°C) of new materials of the type MSr2RECu20Os
(RE Rare Earth; M <> Ru, Cr or Ir), which formally derive from the celebrated High
Temperature Superconductor YBCO (i.e.,CuBaxYCu207) by replacing the [Cu-Os4]
squares in the basal plane of the structure by [M-Os] octahedra.

We have then observed that the adequate formation of these cuprates as majority phases,
can only be performed in a particular and relatively narrow window of P and 7, outside
which they cannot be obtained pure or even obtained at all.

On the other hand, these “optimum conditions” bear a remarkable Gaussian correlation
with the rare earth ion size, and they do not follow the classic lanthanide contraction so
often observed in the chemistry of these elements.

After describing this family of materials in some detail, including the structure,
microstructure and some properties, we will give an interpretation of the origin of such

discrepancy which can be attributed to interelectronic repulsion in the lanthanide ions
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Although BasNb2Oy was first synthesised in 1965, [1] its structure remained unsolved until a
recent study [2] in which we showed that BasNb2Oog has two basic polymorphs: a high-
temperature y phase, which represents an entirely new structure type; and a low-temperature o
phase, which has the rare Sr4sRuxO¢ structure type. The phases are separated by a
reconstructive transition at ~1370 K, the kinetics of which are sufficiently slow that the y
phase can easily be quenched to room temperature. Below ~950 K, both a and y absorb
significant amounts of water. In the y phase, protons occupy ordered positions, giving rise to a
stoichiometric phase y-III-BasNb20y.1/3H20 at room temperature. y-III-BasNb2Oy.1/3H>0
partially dehydrates at ~760 K to y-1I-BasNb20y.1/6H20, then completely dehydrates at ~950
K to y-1-BasNb2Oy. The hydrated y phases exhibit faster protonic and oxide ionic transport
than the hydrated o phases, due to the presence in the gamma phases of 2D layers containing
Nb>* cations with unusually low oxygen coordination numbers (4 or 5) separated by discrete
OH groups. In this paper, we will discuss the structures and mechanisms of hydration — and,
therefore, of ionic conduction — in the various phases of BasNb>O9 on the basis of neutron

diffraction experiments and ab initio (density functional theory) dynamics simulations.

[1] G. Blasse, Journal of Inorganic & Nuclear Chemistry 27, 993-1003 (1965).

[2] C.D. Ling, M. Avdeev, R. Kutteh, V.V. Kharton, A.A. Yaremchenko, S. Fialkova, N.
Sharma, R.B. Macquart, M. Hoelzel and M.J. Gutmann, Chemistry of Materials 21,
3853-3864 (2009).
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Well collimated, high energy X-rays of 90 keV from synchrotron sources have been used to study
metals undergoing plastic deformation in-situ, in real time and in the bulk of the materials. The
spottiness of poorly illuminated Debye-Scherrer rings showing reflections from individual
crystallites is analyzed to obtain grain statistics, mosaic spread and orientation. Upon cold
deformation, coarse grained materials show fingerprints of sub-grain formation, grain rotation,
grain refinement and the evolution from a single grain into the asymptotic texture. Heating of
metals under continuous load drives the observation through the regimes of phase transformation
and grain relationships therein, grain coarsening, dynamic recovery and dynamic recrystallization.
The distinct kinetics and deformation mechanisms of co-existing phases can be distinguished in a
dual-phase system. The paper points out these different phenomena which were observed without

precedence.
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Quantum phase transitions are amongst the most interesting features of condensed matter
systems. Recent work has focused on ways to translate the physics embedded in toy models,
for example, the Bose-Hubbard model, into physical systems that are highly amenable to
control and readout. An excellent example is the realisation of quantum phase transitions in
optical lattices [1]. More recently, it has been shown that coupled cavity systems in the
photonic blockade regime provide an excellent realisation of a Hubbard model [2,3,4].
Hopping terms are affected via evanescent tunneling between the cavities, and the interaction
via the photon-blockade mechanism. Interestingly, the system is not a realisation of either a
Bose- or Fermi-Hubbard model, as the statistics of the polaritons (atom-photon ‘molecules’)
are not well-defined. This shows that the photonic case is showing new physics. Since the
2006 proposals, there have been significant advancements in the theoretical treatment and in
the push to realise such structures experimentally, including new cavity designs [5] and the
creation of long, one-dimensional, coupled-cavity structures [6]. We will discuss some of the
recent progress and highlight some of the possible new future directions in which these ideas

may take us [7, 8, 9].

[1] M. Greiner, O. Mandel, T. Esslinger, T.W. Hansch and I. Bloch, Nature 415, 39 (2002).

[2] D.G. Angelakis, M.F. Santos and S. Bose, Phys. Rev. A 76, 031805(R) (2007).

[3] M.J. Hartmann, G.S. Fernando, G.S.L. Brandao and M.B. Plenio, Nat. Phys. 2, 849
(2006).

[4] A.D. Greentree, C. Tahan, J.H. Cole and L.C.L Hollenberg, Nat. Phys. 2, 856 (2006).

[5] S. Tomljenovic-Hanic, A.D. Greentree, C. Martijn de Sterke and S. Prawer, Opt. Exp. 17,
6465 (2009).

[6] M. Notomi, E. Kuramochi and T. Tamabe, Nat. Photonics 2, 741 (2008).

[7] M.L. Makin, J.H. Cole, C. Tahan, L.C.L. Hollenberg, and A.D. Greentree, Phys. Rev. A
77, 053819 (2008).

[8] M.I. Makin, J.H. Cole, C.D. Hill, A.D. Greentree, L.C.L. Hollenberg, Phys. Rev. A (in
press), arXiv:0907.0539.

[9] J. Quach, M.I. Makin, C.-H. Su, A.D. Greentree, and L.C.L. Hollenberg, arXiv:
0909.2723.
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The plethora of structural and magnetic properties observed in many transition metal alloys
has attracted a great deal of interest in both the pure and applied sciences [1]. One key
attribute of these alloys is that their electronic and magnetic properties are extremely sensitive
to not only stoichiometry but order as well. In this paper we report on a new approach of
creating a magnetically modulated structure, without changing composition or lattice
structure, namely by artificially controlling the degree of chemical order in the material.

The compound FePts, as it is well known from bulk crystals, has the extraordinary property to
evolve ferromagnetic (FM) or antiferromagnetic (AFM) phases determined by the degree of
chemical ordering [2]. We succeeded in preparing epitaxial FePt3 superlattices of
homogeneous composition consisting of an artificially modulated ferro/antiferromagnetic
layering sequence simply by alternating the growth temperature. A direct effect of such an
exotic FM/AFM interface is the observation of a high exchange bias upon field cooling
through the Neéel temperature. In order to quantify the degree of antiferromagnetic ordering,
high angle neutron diffraction has been performed using the triple axis spectrometer IN12
(Institute Laue Langevin, Grenoble) and TAIPAN (Australian Nuclear Science and
Technology Organisation). Similar to chemically ordered bulk FePt; the superlattice exhibits
the onset of a (2 /2 0) AFM Bragg peak below a temperature of Tn=140 K (Bulk Tn=160 K
[2]). Using the polarized neutron reflectometry technique at the German research facility
GKSS, Geesthacht, a detailed layer resolved magnetic characterization of the superlattice was
carried out.

[1] Farrow, R.F.C., Weller, D., Marks, R.F., Toney, M.F., Hom, S., Harp, G.R.,
Cebollada, A., Appl. Phys. Lett. 69, 1166 (1996).
[2] Bacon, G.E. and Crangle, J., Proc. R. Soc. London, Ser. A. 272, 387 (1962).
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Strong demand for lead-free electronic materials, particularly piezoelectrics, has been created
in response to recent European Union and Japanese legislation that introduced severe
restrictions on the use of hazardous substances in electronic equipment [1, 2]. A
comprehensive understanding of the relationship between the structural chemistry and
physical properties is vital for the design and development of new, environmentally friendly
electronic materials.

The fresnoite family of modulated structures, A>TiM>Os (A4 = Ba, Sr; M = Si, Ge), has been
shown to exhibit excellent piezoelectric properties [3], making them one of several possible
alternatives to replace lead-based electroceramic materials. We have synthesised
Ban2xS12xTiS120s in the composition range 0 < x < 1 and investigated the structural behaviour
of selected members. Temperature and composition dependent phase transitions have been
probed using a wide range of techniques including synchrotron X-ray powder diffraction,
neutron powder diffraction, electron diffraction, and differential scanning calorimetry.

This contribution will discuss the non-trivial synthesis of the Ba.oxSr2xTiSi20g series, the use
of a modulated structure approach to characterise powder diffraction data using Jana2006, and
new evidence of the phase transition that removes the structural modulation in Ba>TiSi2Os. In
addition, recent indications for the coexistence of two incommensurately modulated
Sr2TiSi1205 phases at room temperature and results from variable temperature X-ray powder

diffraction will also be presented.

[1TY. Li, K. S. Moon and C. P. Wong, Science, 2005, 308, (5727), 1419-1420.

[2] Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma, T. Nagaya, M.
Nakamura, Nature, 2004, 432, (7013), 84-87.

[3] T. Asahi, T. Osaka, J. Kobayashi, S. C. Abrahams, S. Nanamatsu, M. Kimura, Phys. Rev.
B, 63,2001, (9), 1-13.
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Organic solar cells are attractive for flexible devices due to their compatibility with plastic
substrates and high throughput processing techniques such as ink jet printing. However, to
achieve fully flexible organic solar cells, new materials are needed to replace Indium Tin
Oxide (ITO) which serves as the transparent electrode for hole collection. ITO is expensive,
cannot be solution processed and is brittle. Flexible, conductive films fabricated from carbon
nanotubes (CNTs) are a promising alternative to ITO and have attracted considerable interest
[1,2].

In this work P3HT:PCBM bulk heterojunction solar cells are fabricated with the ITO
electrode replaced by a sheet of CNTs (Figure 1). The sheets are drawn from a forest of CNTs
and deposited directly onto the substrate, avoiding the need to disperse CNTs in a solution-
based method. This study extends on previous work [2] by exploring the trade-off between
transparency and conductivity of the CNT sheets. Devices were fabricated with either one or
two layers of CNT sheets, and their performance compared to that of devices using ITO.
Despite their lower transparency, the best performance was observed for devices fabricated
with two layers of CNT sheet, giving an excellent fill factor of 0.47. This presentation will

discuss this study in greater detail and also present preliminary results on flexible devices.

O

P3HT:PCBM
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CNT Sheet
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Figure 1 Schematic of device structure and scanning electron microscopy image of a CNT web.

[1] G. Griiner, Scientific American 296 (5), 76 (2007)
[2] R. Ulbricht, S. B. Lee, X. Jiang, K. Inoue, M. Zhang, S. Fang, R. H. Baughman, A. A.
Zakhidov, Solar Energy Materials and Solar Cells, 91, 416 (2007).
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Ionic liquids are typically defined as salts that exist in a liquid state at, or near, room
temperature. Due to their favourable properties (e.g., good thermal stability, low volatility,
and wide electrochemical window), ionic liquids have potential use in many industrial
applications, such as catalysis, lubrication, batteries, and metal electrodeposition. Despite
recent advances in the field, ionic liquid research is still in its infancy. Additional fundamental
studies are needed to explore the properties of ionic liquids and to allow the full potential of
these properties in particular applications to be exploited.

Electrical double layers (EDL) are well known in aqueous colloidal systems where the
potential field from a charged surface affects many properties of the particle. The structure of
the EDL at a conductive surface is of prime importance to electrochemistry because it
strongly affects the transport of reactants and products within the region where
electrochemical reactions take place. The understanding of the EDL in ionic liquids is not
nearly as advanced as aqueous systems and even a description of how it responds to changes
in the conductor potential is yet to be agreed. Here we present some recent results from
simulation and Neutron/X-ray reflectometry measurements that explore the electrical double
layer in ionic liquids at the air-liquid and solid-liquid interfaces. The effect of water impurities
within the (EDL) of an ionic liquid is of particular interest since they are known to reduce the
electrochemical window of ionic liquids, decrease their density and viscosity, and

anomalously decrease their surface tension.
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The aim of microfluidics is to miniaturise reaction vessels and their connecting conduits to
“lab on a chip" dimensions. However, this magnifies the influence of bounding walls on the
microflow. The drag force on a particle entrained in these microfluidic flows is larger than the
particle's drag in a bulk fluid. This is due to the hydrodynamic interactions between colloid
and surrounding solvent molecules being altered by the nearby solid surface. These micro-
vessel boundaries need not be solid surfaces, but can also be soft surfaces, such as in vesicle
membranes, or an immiscible fluid that forms impenetrable boundaries. Fluid mechanicists
have derived theoretical predictions of how the particle friction becomes anisotropic and
dependent upon distance from a surface that is governed by various boundary conditions
[1-5]. However experimental measures of particle friction near a single surface are
comparatively few and exist only near solid surfaces.

Using Optical Tweezers, we measure the anisotropic hydrodynamic mobility or friction of a
colloidal particle as a function of distance from fluid-fluid interfaces, namely a liquid-vapor
interface and a liquid-liquid interface [6]. The measurement is based on the thermal motion of
a Brownian particle which is localised near the interface, and the method is uniquely capable
of detailing the anisotropic, distance-dependent mobility/friction near fluid-fluid interfaces.
It is a quiescient method, requiring no controlled fluid flow, is independent of distance-
dependent conservative interactions (e.g. electrostatic interactions) between particle and
interface, and resolves distance-dependence in friction to within a fraction of the particle
radius. Near the liquid-vapor interface, the friction decreases below the value of friction in
bulk fluid, corresponding to the hydrodynamic predictions of a “perfect-slip" surface which
does not support stresses.

[1] H. Brenner, Chem. Eng. Sci. 16,242 (1961).

[2] H. Faxen, Arkiv. Mat. Astron. Fys., 17,27 (1923).

[3] S.H. Lee, R.S. Chadwick and L.G. Leal, J. Fluid Mech. 93, 705 (1979); S.H. Lee and L.G.
Leal, J. Fluid Mech, 98, 193 (1980).

[4] E. Lauga and T.M. Squires, Phys. Fluids 17, 103102 (2005).

[5] T. Bickel, Phys. Rev. E 75, 041403 (2007) .

[6] G.M. Wang, R. Prabhakar, and E.M. Sevick, under review Phys.Rev. Lett.
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Phosphorus donors placed in silicon (Si:P) are expected to have very long (both nuclear and
electron) spin relaxation times, and in addition, the compatibility of silicon with existing
device fabrication technology, makes this system of interest as a potential basis for quantum
computing (QC) devices [1]. In Si:P, the dephasing of the donor electron spin represents the
decoherence time of the device (single qubit decoherence). Pulsed electron spin resonance
(ESR) ofters a convenient and most effective way to study this dephasing. The original pulsed
ESR studies of Si:P were conducted a long time ago. However, since the interest in Si:P for
QC, further work has been done. For example in [2], a projected isolated spin decoherence
time (T2) of 60 ms at 7 K was reported. Here we describe a millikelvin X-band pulsed ESR
system that has been set up to provide the most optimal conditions for the Si:P decoherence
time measurements. Using this set-up we have measured isolated spin T2 for phosphorous

donor electron spins in isotopically purified silicon in excess of 100 ms.

[1] B.E. Kane, Nature 393, 133, (1998).
[2] A.M. Tyryshkin, S.A. Lyon, A.V. Astashkin, A.M. Raitsimring, Phy. Rev. B 68, 193207,
(2003).
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Liquid phase synthesis is a powerful method for the formation of uniform sized nanoparticles
and nanoparticles with a faceted morphology. General strategies for the formation of
nanoparticles and quantum dots through chemical synthesis will be outlined. The results
presented will include the formation of noble metal such as platinum and palladium and group
IV quantum dots. The growth mechanism of how the particles form will also be presented

along with in-situ synchrotron data and HRTEM observations.

Fig. 1. TEM image of self-assembled highly monodispersed platinum nanocubes.

[1]J. Watt, N. Young, S. Haigh, A.Il. Kirkland and R.D. Tilley, Advanced Materials, 21, 2288
(2009).

[2] S. Cheong, J. Watt, B. Ingham, M. F. Toney and R. D. Tilley, Journal of the American
Chemical Society, available online (2009).

[3]R. D. Tilley and K. Yamamoto, Advanced Materials, 18, 2053 (2006).
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A prerequisite for developing new nano-materials is the prior knowledge of the geometrical
structures of nano-clusters. Laser vaporization sources produce gas-phase cluster, but give no
insight into cluster geometries. Subsequent beam deflection experiments, induced via a static,
inhomogeneous electric field, can be used to observe cluster polarizabilities, which in turn
give good indication for electronic and geometrical structures [1]. Theoretical studies are of
utmost importance in this respect, as they complement experimental findings and furthermore
can be used to determine global minimum structures of nano-clusters. Such structures, of
given size, correspond to the geometrical arrangement which are thermodynamically most
stable.

For this purpose, we developed and used a density functional based genetic algorithm code to
systematically search for global minimum structures of Au, Sn and Cs clusters. [1-5] We
compare our calculated electronic properties such as dipole moments and dipole
polarizabilities with those observed via experiments and extrapolate our results to the solid
state. Finally, we discuss current shortcomings and problems on both the experimental and

theoretical side.

[1] S. Schafer, B. Assadollahzadeh, M. Mehring, P. Schwerdtfeger, R. Schafer J. Phys.
Chem. A 112, 12312 (2008).

[2] B. Assadollahzadeh, P.R. Bunker, P. Schwerdtfeger Chem. Phys. Lett. 451, 262 (2008).

[3] B. Assadollahzadeh, S. Schafer, P. Schwerdtfeger J. Comput. Chem. in press, available
online (2009).

[4] B. Assadollahzadeh, P. Schwerdtfeger J. Chem. Phys. 131, 064306 (2009).

[5] B. Assadollahzadeh, C. Thierfelder, P. Schwerdtfeger Phys. Rev. B 78, 245423 (2008).
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Defects in YBa>Cu3O7 (YBCO) films play a significant role in determining the critical current
density of superconducting wires through pinning of magnetic flux lines. Tailoring the size,
concentration, and shape of these defects to optimize the critical current density is one of the
principal goals of materials research on YBCO films. YBCO has a distorted perovskite
structure; for thin-film growth by metal-organic deposition, planar defects parallel to the a-b
plane and the film surface are commonly observed. These planar defects enhance the critical
current when the magnetic field is parallel to the film. Point-like nanoparticle defects can also
be introduced, giving an isotropic enhancement. To enhance critical currents particularly
when the magnetic field is perpendicular to the film, columnar defects would be desirable. We
have reported ion irradiation on YBCO films resulting in columnar ion tracks which provide
strong flux pinning for magnetic fields aligned close to the irradiation direction [1]. Columnar
defects have also been observed in uniradiated YBCO films doped with Dy and Sn, however
these defects do not provide such a significant flux pinning benefit. In this work, we use
Transmission Electron Microscopy (TEM) to observe these defects and explore their

relationship with the critical current anisotropy.

[1] N.M. Strickland et al. Physica C, (2009, in press).
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Although Al, Au and Cu each has the face centered cubic structure in elemental solid form, they do
not readily alloy with one another, and instead form a series of binary and ternary intermetallic
compounds. The ternary system is very interesting and contains, amongst other features, an 18-carat

shape memory electron compound sometimes called ‘Spangold’ [1] ( Figure 1).
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Figure 1. Au Al Cu ternary diagram at ~ Figure 2. Martensite laths, imaged Figure 3. Reflectometry data for
500°C [2]. under Nomarski interference contrast. AuCuAl thin film.

Shape memory alloys are remarkable in that they have the ability to return to their initial state
and shape after being deformed. This ability arises from a martensitic (displacive) phase
transformation (see Figure 2), which is strongly influenced by temperature, crystal structure
and degree of ordering. It is already known that the parent phase of ‘Spangold’ must contain at
least a minimum degree of ternary ordering before the reversible displacive transformation
needed for the shape memory effect can take place [3]. Furthermore, the parent phase has been
found to have the L2 ordered body-centered cubic packing arrangement [4], while it has been
reported that the martensite can be described using a monoclinic unit cell [5]. Here we examine
the possibility of using this compound as a nano-actuator. Magnetron sputtering was used to
deposit the Au, Cu and Al. The films were then characterized using x-ray reflectometry (see
figure 3), grazing incidence X-ray diffraction, scanning electron microscopy and atomic force
microscopy. The properties of these films are compared with that of bulk samples.

[1] ILM. Wolff and M.B. Cortie, Gold Bulletin, 27(2), 44 (1994).

[2] VK. Bhatia, F.C.Levey., C.S. Kealley, A. Dowd and M.B. Cortie, Gold Bull., 42(3), 201, 2009.
[3] F.C. Levey, M.B. Cortie and L.A. Cornish, Metall. Mater. Trans. A., 31A, 1917 (2000).

[4] M.B. Cortie and F.C. Levey, Intermetallics, 8(7), 793 (2000).

[5] L. Battezzati, G. Fiore, M. Massazza, J. Alloys and Compounds, 434—435, 264 (2007).
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Even though relativistic effects in atoms and molecules are well-known and understood, little
attention has been given to their influence on the solid state. Motivated by a recent study
concerning the group 11 halides [1], this work aims to investigate relativistic changes in the
crystal structure of the group 12 chalcogenides [2].

Bulk HgO crystallizes in a rather unusual structure, whereby two different polymorphs exist
at ambient pressure. Hereby the low temperature form adopts an orthorhombic structure with
the spacegroup Pmna and is built from planar O-Hg-O zigzag chains running parallel to the x-
axis, whereas the high temperature cinnabar form consists of spiral chains parallel to the z-
axis. Those equilibrium phases are in stark contrast to the lighter group 12 chalcogenides,
which under ambient conditions are known to crystallize in rather simple hexagonal wurtzite
and cubic rocksalt or zinc blende structures. Following the periodic table, mercury sulfide as
well crystallizes in the cinnabar structure, but cinnabar disappears as a equilibrium phase for
HgSe and HgTe, where the zinc blende form is found to be more stable. However, the tran-
sition to cinnabar occurs at very low 'high pressures', compared to ZnTe and CdTe, where the
structures exists too, even though only as a hidden intermediate phase.

Considering this behavior of the mercury chalcogenides: What causes the occurrence of the
unusual structure in the mercury chalcogenides? The objective of this study therefore is to
show that indeed the unusual structure of the mercury chalcogenides is a result of relativistic
effects. Comparative relativistic and nonrelativistic density functional studies of equilibrium
and high pressure phases of ZnX, CdX and HgX (X=O, S, Se, Te) are carried out to

investigate the problem.

[1] T. Sohnel, H.L. Hermann and P. Schwerdtfeger, Angew. Chem., Int. Ed. 40, 4382 (2001).
[2] S. Biering, A. Hermann and P. Schwerdtfeger, J. Phys. Chem. A in press (2009).
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The lanthanide zirconates are of interest for use in inert matrix fuels and nuclear wasteforms. For
use in these applications, the material's structure must be resistant to radiation damage and its
thermal, thermodynamic and mechanical properties must be known. The structure's ability to
incorporate an actinide host into the lattice vacancy must also be known. These properties may be
better understood by investigating the f-electronic structure, which has historically proved difficult
to model.

We have undertaken a synthesis of the full range of lanthanide zirconate series using solid state
techniques. We have performed neutron powder diffraction on a selection of the series in
conjunction with the following measurements using synchrotron radiation: powder X-ray
diffraction, VUV photoluminescence spectra, X-ray photoemission spectroscopy (XPS) and X-ray
absorption near edge spectroscopy (XANES). These results will be presented, along with details of

the analysis and synthetic techniques used.
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The recently developed Fluctuation Theorems of Evans & Searles and Crooks make it
possible for the first time to determine the free energy difference between equilibrium states
by experimentally measuring the work along paths, traversed at arbitrary rates, between the
states. This has gained significant attention in the field of single molecule force spectroscopy
where, for example one can measure the work required to unravel a single RNA hairpin or to
disrupt protein-DNA interactions. Despite these potentially important applications of the
theorems, there remains a lack of unambiguous experimental demonstrations — this is one
reason for the current debate on the theorems’ validity and universality. Here, we demonstrate
the range of applicability of the theorems using a colloidal particle fluctuating in an optical
trap whose strength is varied. We drive the colloidal particle between two equilibrium states
along paths that are (i) quasistatic, (ii) near-equilibrium and (iii) far-from-equilibrium. Our
results provide a useful guide to researchers, demonstrating the conditions under which the
Fluctuations Theorems are necessary, and the conditions where the simpler classical results

are sufficient to determine free energy differences.
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The Avogadro project is an international consortium of five national metrology institutes, one
of which is Australia. It’s aim is to redefine the SI unit for mass, the kilogram, in terms of the
number of Silicon 28 atoms in a near perfect silicon sphere. This would remove the last
artifact from the SI system and base the kilogram entirely on fundamental atomic constants.

In this talk I will outline the importance of mass to the entire SI system of units and the issues
that have motivated the Avogadro project. I will outline the wide variety of physical
measurements necessary to enable the redefinition of the kilogram, the current status of the
Avogadro project and the prospects for successful redefinition of the kilogram. I will focus on
volume measurements using advanced interferometric techniques and present data from our
latest series of measurements. In addition, I will present a candid view of the current issues

we face and our plans to address these issues.
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Spin-1 magnetic materials with uniaxial anisotropy in a magnetic field at zero temperature
may display a number of interesting phenomena, including quadrupolar paramagnetic phases,
magnetization plateaus, and a magnetic analogue of “supersolid” behaviour [1,2,3]. We
discuss a spin-wave approach to the problem in the ‘spin-flop’ phase [4]. A proof is given that
the Goldstone theorem is observed order-by-order in a 1/S expansion, up to second order, and
some numerical results are presented. No indication of the onset of the quadrupolar phase is

seen in the formulation to this order.

[1] P. Sengupta and C.D. Batista, Phys. Rev. Lett. 98, 227201 (2007); J. Appl. Phys. 103,
07C709 (2008).

[2] M. Holtschneider and W. Selke, Eur. Phys. J. B 62, 147 (2008).

[3] S.A.Zvyagin et al, Phys. Rev. Lett. 98, 047205 (2007); Physica B 403, 1497 (2008).

[4] M.E. Zhitomirsky and T. Nikuni, Phys. Rev. B 57, 5013 (1998); M.E. Zhitomirsky and
A.L. Chernyshev, Phys. Rev. Lett. 82, 4536 (1999).
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Nature’s materials are functionally adaptive with structure-property features including
molecular recognition, hybrid organic inorganic structures, self organisation, templating, non-
equilibrium and equilibrium structures, hierarchical structuring, and functionally gradient
materials. We are developing a synthetic design strategy for adaptive materials that takes into
account those structure property features utilised by nature.

Our work focuses on the measurement and manipulation of the space in materials with pore
dimensions on the atomic and molecular scale. Nature uses such tailored pores to control the
selective movement of molecules in and out of cells for the purposes of filtration, catalysis,
toxin removal, and to deliver healing agents. Recently we have demonstrated that the design
rules from biology can be used in synthetic materials to control and tune the pores [1], giving
the materials a degree of autonomous function [2]. We employed approaches from nature -
hybrid organic inorganic structures, self organisation, hourglass channels, and pore gating - to
design the pore complexes and tune their accessibility to produce synthetic materials that can
be incorporated in membranes, coatings, and thin films that can function as filters or delivery
platforms.

Robert Kerton CSIRO

We are developing synthetic analogues of ion channels and aquaporins to give highly
permeable but highly selective membranes [1]. We have developed a new model that allows
us to predict the optimum size, shape, and chemistry of the pore for a particular separation
[3]. We have coupled our skills in porous materials synthesis with micro- and nano-
fabrication methods to make responsive thin films with molecular recognition properties. We
are combining bottom-up sol-gel assembly of functional porous materials with micro- and
nano-fabrication to offer a simple and fast route to multifunctional integrated platforms, from
microfluidics to microarrays, tailoring the chemistry and geometry to the application [4].

[1] H. B. Park, C. H. Jung, Y. M. Lee, A. J. Hill, S. J. Pas, S. T. Mudie, E. Van Wagner, B. D.
Freeman, D. J. Cookson, Science, 2007, 318, 254.

[2] A. Bogerhausen, S. J. Pas, A. J. Hill, H. Koller, Chem Mater, 2006, 18, 664.

[3] A. W. Thornton, T. Hilder, A. J. Hill, J. M. Hill, J. Membr. Sci., 2009, 336, 101.

[4] P. Falcaro, L. Malfatti, L. Vaccari, H. Amenitsch, B. Marmioli, G. Grenci, P. Innocenzi, Adv.
Mater., 2009 DOI: 10.1002/adma.200901561
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Organic semiconductors such as conjugated polymers make remarkably effective substitutes
for their inorganic counterparts in a range of functional devices including light-emitting
diodes, solar cells and transistors. The material advantages that conjugated polymers offer
(chemically tunable optoelectronic properties and low-temperature, solution-based
processing) have received considerably more attention than their functional advantages -
including the capacity to employ both electronic and ionic charge carriers in device operation.
We use time-resolved optical spectroscopy to demonstrate that in films of conjugated
polyelectrolytes, the Coulomb field of ions interacts with electronic excitations to stabilize
electronic charge-transfer (CT) states [1]. Our investigation is focused on a conjugated
polyelectrolyte derived from F8BT (poly(9,9 -dioctylfluorene-alt-benzothiadiazole)). The
photoluminescence quantum efficiency (~6%) is considerably lower for the polyelectrolyte
compared with F8BT (~60%) in thin films. Time-resolved photoluminescence spectroscopy
reveals that the primary exciton lifetime is shortened in the polyelectrolyte and a red-shifted
CT emission peak with a longer lifetime emerges. Transient absorption spectroscopy of thin
films enables us to detect CT states that persist beyond the primary decay and are found to be
immobile. Temperature dependent photoluminescence measurements reveal thermally
activated exciton hopping (Eacc = 28 meV) prior to formation of CT states at ionic regions. We
suggest that ionic stabilization of CT states is a general phenomenon in conjugated
polyelectrolytes, raising the possibility that ions could direct the flow of excitons towards
charge-separating interfaces in polymer solar cells.

[1] J. M. Hodgkiss, G. Tu, S. Albert-Seifried, W. T. S. Huck and R. H. Friend J. Am.
Chem. Soc. 131, 8913-8921 (2009).
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Magnetism in the pnictides has been widely discussed in terms of a two dimensional
frustrated Heisenberg model, in a similar way to the cuprate parent compounds. Does the
quasi-two dimensional frustrated nature of the parent compounds suggest that a two
dimensional model captures the essential physics, or is a three dimensional model more
appropriate? [1]. Continuing on from previous work [2-3], we present the results of our study
of the role of the interlayer coupling on the sublattice magnetization and magnetic excitations
using self-consistent spin wave theory on a tetragonal lattice for at . We found that the
introduction of suppresses the strong quantum fluctuations and strengthens the long range
ordering. Comparing our model with various neutron scattering studies we conclude that the
pnictides can be classed as frustrated three dimensional quantum antiferromagnets close to a

quantum phase transition.

1. A. Smerald and N. Shannon, arXiv:0909.2207v1 (2009).

2. G. S. Uhrig, M. Holt, J. Oitmaa, O. P. Sushkov and R. R. P. Singh, Phys. Rev. B 79,
092416 (2009).

3. A. Ong, G. S. Uhrig and O. P. Sushkov, Phys. Rev. B 80, 014514 (2009).
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Magnetic resonance of donors in semiconductors via electron spin resonance (ESR) is well
established. However, the sensitivity of conventional ESR is limited, requiring samples with
101 donors or more. This problem can be overcome by detecting magnetic resonance via the
effects of spin selection rules on other observables, such as charge transport.

Electrically detected magnetic resonance (EDMR), is where a change of the dc conductivity
due to donor resonance is observed. EDMR was first demonstrated on Si:P by Schmidt and
Solomon [1]. More recently, McCamey et. al. [2] showed that EDMR could be used to detect
as few as 50 spins in a submicron size silicon device into which the phosphorus donors had
been implanted. EDMR is also particular useful in the study of surface defects on
semiconductors and their influence on donors placed near to the surface. In this paper we
describe the development of robust multimicron EDMR devices in silicon optimal for detailed
comparisons of surface preparations as well as variations in donor profiles. Preliminary
results using bulk doped substrates with native oxide and thermal oxide, as well as H- and D-

terminated surfaces are presented and discussed.

[1] J. Schmidt and I. Solomon, Compt. Rend. Paris 263, 169 (1966) .
[2] D.R. McCamey, H. Huebl, M.S. Brandt, W.D. Hutchison, J.C. McCallum, R.G. Clark
and A.R. Hamilton, Applied Physics Letters 89, 182115-1 (2006).



52

Magnetization and Magnetotransport Study of SrFeOx

A.R. Hyndman, G.V.M. Williams, and J. Stephen
Industrial Research, PO Box 31310, Lower Hutt, New Zealand

The antiferromagnetic compound, SrFeOx is known to show a rich magnetic and electronic
phase diagram. It exists as a homogeneous oxygen ordered compound for x=3 (SrFeOs3),
x=2.875 (SrgFes023), x=2.75 (SrsFesO11), and x=2.5 (SroFe20s). All other oxygen
concentrations of SrFeOx are believed to be made from inhomogeneous fractions of these
four phases [1]. The fully oxygenated compound, SrFeOs is metallic and the Fe moments
have helical antiferromagnetic ordering below ~140K. The SrsFesO23 (x=2.875) phase
displays partial charge ordering and a large magneto-resistance [2], while the SrsFe4On
(x=2.75) phase is believed to be a G-type antiferromagnetic insulator where one of the Fe
moments is geometrically spin-frustrated [2,3].

In this talk we present the results from magnetotransport and magnetization measurements on
sintered SrFeOx samples and well as from SrFeOx thin films. We show that there is an
anomalously large change in the SrsFesO23 thermopower at the antiferromagnetic ordering
temperature [4], which we attribute to partial charge ordering. There is evidence of a spin-
glass in the SrsFe4O11 phase that possibly arises from spin-frustration and we find an

exchange bias-like effect as well as a colossal magnetoresistance [5].

[1]J. P. Hodges, S. Short, J. D. Jorgensen, X. Xiong, B. Dabrowski, S. M. Mini, and C. W.
Kimbeall, J. Solid State Chem. 151, 190 (2000).

[2] A. Lebon, P. Adler, C. Bernhard, A. V. Boris, A. V. Pimenov, A. Maljuk, C. T. Lin, C.
Ulrich, and B. Keimer, Phys. Rev. Lett. 92, 037202 (2004).

[3] R. Vidya, P. Ravindran, H. Fjellvag, and A. Kjekshus, Phys. Rev. B 74, 054422 (2006).
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Rare earth doped nanocrystals are promising materials for a wide variety of applications
ranging from amplifiers for fiber optic communication [1], upconversion, and bioimaging [2].
LaF3 is an ideal host for lanthanide ions, because of the low vibrational energies it exhibits.
Nanocrystals can be prepared using low temperature chemical methods [3] or through
controlled crystallization of glasses [4], which results in a glass-ceramic. Lanthanides
typically have a low absorption cross section because of the forbidden character of the 4f
transitions. The cross section can be increased by surface functionalizing the nanocrystals
with a sensitizing ligand.

In this report we focus on the optical properties of europium doped into low vibrational
energy nanoparticles. Organic soluble LaFs; nanocrystals capped with oleic acid were
synthesized according to a modification of a procedure described in the literature [3]. The

ability to sensitize these nanocrystals with f—diketonates will be demonstrated. Furthermore,

the effect of concentration on the emission spectra and energy transfer from the sensitizing
ligand to the dopants will be discussed. We also report the results from measurements on a
glass-ceramic containing rare earth doped LaF3 nanocrystals. The spectroscopic properties of
nanocrystals fabricated with the coprecipitation method will be compared with those in the

glass-ceramic.

[1] R. Dekker, D.J. Klunder, A. Borreman, M.B.J. Diemeer, K.Worhoft, A. Driessen, J.W.
Stouwdam, F.C.J.M. van Veggel, Applied Physics Letters 85, 25 (2004).

[2] G.-S.Yiand G.-M. Chow, J Mater. Chem. 15, 4460 (2005).

[3] J. Wang, J. Hu, D. Tang, X. Liu, Z. Zhen, J Mater. Chem. 17, 1597 (2007).

[4] M.J. Dejneka, Journal of Non-Crystalline Solids 239, 149 (1998).
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Metallic nanoclusters embedded in an insulator/dielectric matrix show unique properties
associated with quantum-size effects, with possible applications such as enhanced magnetic
refrigerants, high density magnetic recording media and magnetic resistance devices [1-3].
The aims of the present study are: 1) to develop a protocol to fabricate metallic nanoclusters
of specific size and spacing using low-energy ion implantation and subsequent electron beam
annealing, 2) to investigate the magnetic behaviour of these nanoclusters, and 3) to optimise
the fabrication protocol regarding given magnetic sensor applications.

We have implanted 15 keV *°Fe* ions, with fluences from 5x10' to 5x10!6 ions cm2, into a
500 nm thick SiO2 film on a Si (100) substrate. Dynamic-TRIM predicts the maximum depth
of the implantation as 25 nm. The implanted samples were annealed under an electron beam

for seconds to hours at 1000 °C. RBS analysis indicates that the implanted Fe atoms reside at

the near-surface region for the samples annealed for a few seconds and start to migrate after
that time. AFM and TEM images show that 5-10 nm diameter Fe-rich spherical clusters are
present in the samples after annealing for 15 s at 1000 °C. The magnetic properties of Fe
nanoclusters were investigated using PPMS and SQUID magnetometer. The observed
magnetic moments at 5 K per atom were slightly higher than in bulk Fe which is in
accordance with the literature [4]. The measurements also revealed different magnetic
behavior due to the different protocols. Detailed results regarding the fabrication protocols

and the results obtained from the various characterization techniques will be presented.

[1] R.P.Cowburn, Nature 448, 2 (2007)

[2] S. Sun, C.B. Murray, D. Weller, L. Folks and A. Moser, Science 287, 1989 (2006)
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[4] P. Lobotka, J. Dérer and 1. Vavra, Phys. Rev. B 75, 024423 (2007)
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Magnetic nanoparticles, typically composed of Fe, Ni, Co and their alloys or compounds, are
of great scientific and technological interest becausetheir properties can differ from those of
bulk materials as a direct consequence of their small physical dimensions and/or quantum
confinement effects [1]. Such nanoparticles have many potential applications in areas as
diverse as biotechnology, magnetic fluids, catalysis, magnetic resonance imaging and data
storage. The latter application, which is the focus of the present study, typically requires a
high density of small magnetic nanoparticles located in the near-surface region of protective
matrix or thin-film.

At Wagga 2009, we outlined preliminary studies of synthesis of Ni and Co nanoparticles,
embedded in silica layers, by the combination of ion implantation and post implantation
annealing. Here we document refinements of the production techniques, and expand the study
to include nanoparticles of Co, Ni, Pt and their respective alloys. Nanoparticle size
distributions and structure have been ascertained with transmission electron microscopy. The
depth- and size-distributions are found to depend on the particular metallic species, the
implant fluence and the anneal conditions. SQUID magnetometry has also been applied to
reveal ferromagnetic behaviour in a number of the nanoparticle types. The strength of
magnetisation and the coercivity of the various nanoparticles correlate strongly with the

particle sizes and metal/alloy types.

[1] L.G. Jacobsohn, M.E. Hawley, D.W. Cooke, M.F. Hundley, J.D. Thompson, R.K.
Schulze and M. Nastasi, Journal of Applied Physics 96(8), 4444 (2004).

[2] A. Malik, K. Belay, D. Llwellyn, W.D. Hutchison and R. Elliman, WP19, Proceedings of
the 33rd Annual ANZIP Condensed Matter and Materials Meeting, Wagga Wagga 2009.
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Low-energy high-fluence ion implantation combined with an annealing process is a promising
method for producing novel precipitates or layers of compounds residing in the near-surface
region of the implanted material. Over the past 10 years, our research has shown that electron
beam annealing (EBA) in high vacuum can produce novel structures that cannot be produced
by any other annealing technique. In this project, (100) Si was dual-implanted with 7 keV Pb*
and 24 keV !“N* ions to peak concentrations of typically 10 at.%. The implanted samples
were annealed at 900 °C for 30 s with precisely defined temperature gradients under ultra high
vacuum EBA.

Channelled RBS measurements performed with 1.5 MeV “He" ions showed that annealing of
the dual implanted samples resulted in the most unexpected Pb diffusion away from the
surface to be trapped in a deep diffusion sink provided by the implanted N. XRD analyses
exhibited Pb (111) and Pb (220) reflections suggesting that Pb nanoclusters have grown in the
understoichiometric silicon nitride layer. These results offer an interesting opportunity for
producing ferroelectric and anti-ferroelectric materials for nanoelectronic and piezoelectric

devices.
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Traditional forms of quantum measurement have significant limitations. For example,
information about the original state of a quantum system is obtained only from the
probabilities of the measurement outcomes. That is because the measured quantum system
and the measuring apparatus are left in states which are independent of their states before the
measurement. One way of avoiding the traditional form of measurement is to weaken the
interaction between the quantum system and the measuring apparatus [1]. Since the
interaction is weaker, one then needs to measure an ensemble of systems or to measure
collective effects. Condensed matter systems can involve collective effects and so they
provide a means of implementing non-traditional measurements.

The present work investigates two different scenarios. In the first, it is shown that a spin state
can be measured via a weak interaction with a large number of other spins. The most
significant conclusion is that for this type of weak measurement, the quantum system is left in
a state which does depend on its initial state. The second scenario that is investigated
addresses the problem that, in a traditional measurement, the measurement basis is set by the
measurement apparatus. It would be advantageous in some cases, for example in the
measurement of entangled states, for the quantum system itself to determine the measurement
basis. It is shown that can be realized, at least in principle, in a condensed matter system by
taking advantage of the Einstein-de Haas effect. The practicalities of implementing such a

scheme using superparamagnetism in small particles is investigated

[1] Y. Aharonov and A. Botero, Phys. Rev. A 72, 052111 (2005).
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Dilute magnetic semiconducting cobalt doped titanium dioxide (Co:TiOz) has received
widespread attention since it was recently discovered to exhibit room temperature
ferromagnetism [1, 2]. As a consequence, Co:TiO: is an ideal candidate for a multitude of
spin transport electronics (spintronics) applications such as optoelectronic devices, spin
quantum devices, spin pumping and quantum computing [3].

We present temperature resolved (77 K to 300 K) cathodoluminescence (CL) spectra and
magnetic properties of Co:TiOz thin films. Highly orientated rutile and anatase films of
70-150 nm thickness were grown on high purity silicon (Si (111)), sapphire (Al2O3) and
strontium titanate (SrTiOs) substrates using e-beam evaporation and pulsed laser deposition
(PLD). SQUID magnetization measurements confirmed that the films produced exhibit
ferromagnetic behavior up to room temperature, as previously demonstrated [4]. X-ray
diffraction (XRD), CL, magnetization and transport measurements demonstrated that the
properties of the films such as crystal structure, defect structure, saturation magnetic moment,
and resistivity can be optimized by varying the cobalt concentration, growth conditions, and

substrate material.

[1] Y. Matsumoto, M. Murakami, T. Shono, T. Hasegawa, T. Fukumura, M. Kawasaki, P.
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[2] J.Y. Kim, J.H. Park, B.G. Park, H.J. Noh, S.J. Oh, J.S. Yang, D.H. Kim, S.D. Bu, T.W.
Noh, H.J. Lin, H.H. Hsieh and C.T. Chen, Phys. Rev. Lett. 90, 017401 (2003).

[3] S.A. Wolf, D.D. Awschalom, R.A. Buhrman, J.M. Daughton, S. von Molnar, M.L.
Roukes, A.Y. Chtchelkanova and D.M. Treger, Science 294, 1488 (2001).

[4] A.R. Hyndman, G.V.M. Williams, R.J. Reeves and D.M. McCann, AIP Conference
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Zero field nuclear magnetic and nuclear quadrupole resonance are interesting methods for use
in on-line instrumentation, as they provide the opportunity to perform bulk mineral
characterisation within timeframes useful for process control. Using this technique, CSIRO
has developed an instrument to probe the 6> %Cu nuclei in naturally occurring copper oxide
and sulfide minerals. The performance has been demonstrated by measurements on natural
mineral concentrate powders, ore fragments and slurries containing chalcopyrite CuFeS,.
These measurements have demonstrated accuracies as low as 0.08 wt% and detection limits of
0.2 wt% for acquisition periods of 1000 seconds.

Besides the investigation of the methods as on-line analysis tools, the magnetic resonance
response of naturally occurring minerals has also been investigated to develop an
understanding of variations observed in the magnetic resonance spectra for different samples.
Nuclear magnetic resonance measurements on a suite of chalcopyrite samples show a range of
inhomogeneous broadening, asymmetric line shape and shift in transition frequency at room
temperature and at 77 K. This behaviour has been analysed with simulations, conductivity, x-
ray diffraction and microprobe measurements. Other preliminary measurements on chalcocite
CuwzS and djurleite Cus1Si6 performed at room temperature and at 77 K respectively have

detected magnetic resonance transitions for the first time.
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The potential to form silicides, and especially epitaxial silicides, as an element of Si-
based integrated circuitry has attracted attention for some decades. Chief among these
are the transition-metal and rare-earth silicides (RESI1), attractive for their metallic
nature and, in the case of the latter, their very low Schottky barrier heights of
0.3-0.4eV (0.7-0.8eV) on n-type (p-type) silicon[1-3]. More recently their propensity
to form nanostructures [4,5] and promise for a new generation of interconnects and
contacts in very large scale Si-based integrated circuits [6] has sparked renewed
interest in significant investigations of RESi films. We will present the growth of
thick (up to 1.2um) epitaxial samarium disilicide (SmSiz) layers on (001) oriented
silicon substrate. Evidence from reflection high-energy electron diffraction (RHEED)
observations is given that (1) the in-plane lattice parameter agrees well with the bulk
tetragonal SmSi> structure and (2) the epitaxial growth is achieved with a preferential
orientation SmSiz[110]//Si[100]. The electrical properties of these films are studied by
Hall effect and resistivity measurements at room and low temperature. We observe
SmSi> having metallic type conduction with a room temperature resistivity of 173.9
uQcem decreasing to 85.11 pQcm at 4K. Hall measurements have shown n-type
carrier concentration of 1.3 x 10%2 cm=. The conduction properties are reproducible

for both thin layers at 300nm to very thick layers of 1.2 um.
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Once the confinement of polymers approaches molecular dimensions, classical theory must be
generalized to allow for local position dependent coefficients. It has been recently shown that
for fields with nonlinear gradients in the strain rate over the width of the real-space kernels
nonlocality plays a significant role [1,2]. We extended the analysis of the exact nonlocal
viscous kernel [3] for undercooled polymer melts modelled by freely jointed tangent chain
and finitely extensible nonlinear elastic models. The analysis is based on molecular dynamics
simulations which involve the evaluation of transverse momentum density and stress
autocorrelation functions. The results show that the width of the kernel in reciprocal space
reduces dramatically near the glass transition, being described by a delta like function near
and below the glass transition leading to a slowly decaying function in physical space. Thus
the non-locality turns out to play an important role in polymeric systems for temperatures
ranging from well above and down to glass transition temperature which confirms our
expectations that non-local constitutive relations are required for an adequate description of

such systems.

[1] B.D.Todd, J. S. Hansen, and P. J. Daivis, Phys. Rev. Lett. 100, 195901 (2008).
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Optically stimulated luminescence (OSL) arises from a recombination of charge that has been
moved into meta-stable locations in semiconducting and insulating compounds. These are
usually point defects, such as lattice imperfections or impurity ions in the host crystal, in
which electrons and holes created by ionizing radiation are trapped. The trapped electrons and
holes can be optically excited out of their traps and recombine, which can result in the
emission of light. Fluoroperovskites are known to show optically stimulated luminescence
(OSL) after exposure to ionizing radiation [1-3], which makes them good candidates for
radiation dosimeter applications. We have recently been studying a range of fluoroperovskites
and shown that they have potential as OSL dosimeters [4-6].

In this talk, we report the results from optical measurements on rare earth or transition metal
ions doped fluoroperovskites (e.g. RbCdF3:Mn?", RbMgF3:Mn?*, RbMgF3:Eu*" and
NaMgF3:Eu?") after exposure to ionizing radiation. We discuss the possible point defects that
lead to the optically stimulated luminescence and the feasibility of using these materials as
radiation dosimeters. We will also discuss the progress towards the development of a fibre

optic OSL dosimeter prototype using one of these materials.
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For many spectroscopies that probe the semi-infinite crystal or semi-infinite layered materials,
knowledge of the unoccupied bulk (and surface) electronic energy band structure is required.

This energy region is complicated by significant variation in the inelastic mean-free-path A
and inelastic lifetime T of the electron. At higher energies of 40 eV above the Fermi energy

Eq, T {} reached a near constant minimum value and band structures become nearly

free-electron-like. At lower energies Tt is larger and energy E dependent and where there are

more localized bands there is also a momentum k. dependence. [1] The modification of
calculated bulk bands for the case of no inelastic collisions to the realistic case is complicated
for these lower energies.

Aluminium has 3d and 4f states in this critical range near 23 and 35 eV above Er. We use a
scheme to incorporate a momentum-dependence into Tt (as well as an E dependence) to
evaluate its importance in the calculation of the bulk band structure for Al. The 2D layer
Green function method and transfer matrix method are used to calculate the bulk Bloch states

for the unoccupied energy range 0 — 60 eV above Er. The complex bulk band structure is

Eke.k,)

plotted in the form which is convenient for surface sensitive spectroscopies and

ke, kl_ are the parallel and perpendicular electron momentum components relative to a surface

of the semi-infinite solid. For kP_ in the (111) surface plane, bulk bands for T =L =X are

produced. While there are a number of calculations of unoccupied bulk bands for Al in this
energy range [2] they do not include any inelastic interactions and are hence not realistic.
There are various experimental techniques that could confirm the accuracy of the present

calculated band structure in this energy range.

[1] E. V. Chulkov et al, Chem. Rev. 106, 4160 (20006).
[2] M. Levinson, J. L. Benton, and L. C. Kimerling, Phys. Rev. B 27, 6216 (1983).
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The rare earth nitrides are interesting both from a theoretical as well as experimental
point of view. They adopt a simple rocksalt structure, yet despite this simplicity the
exchange interaction among their 4f shells has only recently been realistically
described. These recent improvements in theoretical calculations have led to
predictions of exotic electronic and magnetic states such as half-metallicity. Among
the rare-earth nitrides europium nitride represents an especially interesting case [1,2]
with its possible ground state of J=0. Major questions, such as whether it is metallic
or semiconducting, about this material remain unanswered as its propensity to show
mixed valence (2" or 3") makes band structure calculations especially difficult [1] and
there is a distinct lack of high quality samples for experimental analysis.
Experimentally, EuN is also difficult to study, due to its quick oxidation and film
degradation when exposed to atmosphere, particularly water vapours. We have
successfully grown thin EuN films on various substrates employing two different
methods. In Wellington we use physical vapour deposition of metallic Eu in the
presence of a nitrogen gas partial pressure and in Christchurch we use pulsed laser
deposition in the presence of a nitrogen plasma. In both cases the EuN films are
provided with a capping layer to protect them for ex-situ study. We have characterized
the structural, electronic, and magnetic properties of the films using x-ray diffraction,
Raman spectroscopy, temperature dependent resistivity, SQUID magnetometry, and
synchrotron-based x-ray spectroscopy.

Preliminary measurements show EuN to be ferromagnetic at low temperatures with a
T. of 30K and x-ray absorption shows clear evidence for a 3+ charge state.
Temperature dependent conductivity measurements indicate metallic conductivity.

[715] P. Larson, W.R.L. Lambrecht, A. Chantis, and M. van Schilfgaarde, Phys. Rev. B
, 045114 (2007).
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To study the intrinsic magnetic properties of nanometer sized particles experimentally,
isolated clusters in the gas phase are ideal model systems, as interactions with each other and
a substrate are eliminated. In a Stern-Gerlach type experiment a supersonic molecular beam of
doped tin clusters is deflected via an inhomogeneous magnetic field. The extend of such a
deflection depends on the clusters’ magnetic dipole moment and in general an ensemble of
magnetic clusters can show two limiting kinds of behavior: either a symmetric broadening of
the beam-profile resulting from a spin which is locked to the clusters’ structure, or a single-
sided deflection in the direction of higher field, resulting from a Langevin-like alignment of

the spin in field direction.

The results of two manganese doped clusters-species are reported here, Mn@Sni> and
Mn@Sni3. Although the composition of the clusters differs only by one tin atom, the response
to magnetic fields at low expansion nozzle temperatures is vastly different. Mn@Sni2 shows
symmetric deflection, indicating a locked-spin in a rigid structure, while Mn@Sni3 shows a
Langevin-like behavior, possibly due to a fluxional/floppy structure.

At elevated temperatures of the expansion nozzle, the response of Mn@Sni2 continuously
changes towards a full alignment of the magnetic moment, which confirms the idea that
excited vibrational states might serve as a heat bath to the cluster and therefore lead to the

Langevin-like behavior.

[1] U. Rohrmann, S. Schéfer and R. Schifer, J. Phys. Chem. A 133, 12115 (2009).
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Pre-existing threading dislocations experience forces due to the external stress-field during
the growth of strained epitaxial layers on crystalline substrates. The threading dislocations
themselves give rise to an additional self-stress field with associated forces acting along the
length of the dislocation. In principle it is possible to account for the external and self-stresses
and model evolution of a threading dislocation’s configuration as a strained layer is grown.
However, growth takes place at the surface of crystals, at which surface-stress boundary
conditions require zero normal and shear stresses. This requires that any non-zero external
and self-stresses arising at the surface must be cancelled. Any cancelling procedure will give
rise to additional stresses which will modify a dislocation’s configuration. The final
configuration therefore reflects the summed effect of three sources of stress, the external
(misfit) stress field, self-stresses due to the dislocation and stresses at the dislocation due to
surface stress cancellation. Together these stresses may cause the creation of highly damaging
interfacial misfit dislocations. The surface stress cancellation equations originally developed
by Cerruti [1] and Boussinesq [2] can be integrated numerically across the surface in the
vicinity of a dislocation’s emergent point at the surface, however this approach is very time-
consuming. We have investigated the functional form of the stress fields across large surface
“tiles” for a variety of dislocation configurations. Based on these observations we have
developed “pre-integrated” closed form solutions for parabolic, polynomial and hyperbolic
stress field combinations for the orthogonal in-plane surface directions. This achieves orders-
of-magnitude improvements in processing times while maintaining the accuracy required in
such calculations.

[1] V. Cerruti, Mem. Fis. Mat. 45, (1882).
[2] J. Boussinesq, Application des potentiels a l'étude de l'équilibre et du mouvement des
solides élastiques. (Paris: Gauthier-Villars, 1885) p 45, 108.
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Magnetic interlayer coupling phenomena in systems consisting of ferromagnetic films
separated by non-magnetic spacer layers, such as Co/Cu multilayers, are heavily
dependent on the thickness and composition of the spacer layer. Usual Co/Cu
multilayers exhibit the normal oscillatory RKKY exchange coupling resulting in
alternating ferromagnetic/antiferromagnetic magnetic alignment of adjacent layers
with increasing Cu thickness. We report on a crucial temperature dependence of this
coupling introduced as the non-magnetic spacer layer is substituted by a spin-glass
material, such as CuMn. Kobayashi et al. first discovered the extraordinary behaviour
of a ferromagnetic exchange coupled Co/CuMn multilayer structure showing an
increasing antiferromagnetic component as the system is cooled below a critical
temperature. In order to investigate the magnetic rearrangement throughout the
transition temperature in more detail we used polarized neutron reflectometry in
specular and off-specular geometry to resolve the orientation of the magnetization in
the Co layers. Co/Cuo.949Mno.06) multilayer samples with a manganese concentration
of 6at% in the spacer layer are grown using sputter deposition and quality checked
with X-ray reflectivity and diffraction. The onset of a magnetic rearrangement into an
antiferromagnetic constitution around 100K is confirmed by neutron reflectivity
measurements, revealing the onset of biquadratic interlayer coupling. Simulations of
the full two dimensional off-specular scattering points out each layer breaking into
magnetic domains. Further magnetic characterisation of the sample using X-Ray
magnetic circular dichroism and conventional magnetometry indicate the role of the

Mn doping in the magnetic transition into a biquadratic coupling.
[1]Y. Kobayashi et al., Phys. Rev. B 59, 3734 (1999)
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The discovery of multiferroicity in orthorhombic phase o-TbMnO; and o-DyMnOs [1,2]
rekindled researchers’ interest in the perovskite RMnOs; (R = rare earth) compounds. We
report here on recent Mdssbauer investigations of o-YbMnO3; whose Mn sub-lattice orders
antiferromagnetically at 7n(Mn) = 40 K. The polycrystalline specimens were prepared by
rapid quenching from a prolonged high pressure anneal (3.5 GPa, 1100 °C, 10h) of the
hexagonal phase. >’Fe-M0ssbauer spectra were recorded for a specimen with 0.5 at. %
enriched °’Fe doped into the Mn sub-lattice and, as expected, a magnetically split sextet was
observed below 7n(Mn). However, the paramagnetic doublet persisted as a second spectral
component down to about 30 K and a curious magnetic hysteresis effect was observed at 36
K. Some time after these measurements, hysteresis effects were reported by Tachibana et al.
[3] for their specific heat data and they attributed these to an incommensurate magnetic
structure which locks into a commensurate E-fype linear structure at the lower temperature of
Tc = 35 K. Similar specific heat data have since been recorded by us for undoped specimen
material that was prepared for '"°Yb-Mossbauer measurements. Encouraged by the agreement
of the specific heat results, we recently revisited the >’Fe-Mdssbauer measurements and
recorded new spectra with improved statistics for the identical Mdssbauer specimen, only to
find that the magnetic hysteresis effect was no longer evident. These puzzling data and the
170y b-Mossbauer results will be presented and discussed.

[1] T. Kimura et al., Nature (London) 426, 55 (2003).
[2] T. Goto et al., Phys. Rev. Lett. 92, 257201 (2004).
[3] M. Tachibana et al., Phys. Rev. B 75, 144425 (2007).
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The development of new high capacity cathodes for Li ion batteries is becoming increasingly
important as currently used materials reach their critical limit in terms of energy density.
Defect perovskite structures such as LizxLax3-xTiO3 have been shown to exhibit excellent
lithium ion conductivities and structural stability leading to potential for additional perovskite

structures to be developed as new cathode materials.

The Sr1xNbOs3, 0 < x < 0.3, solid solution, with niobium in both oxidation states +IV and +V
for x > 0, has been reported to adopt the ideal cubic perovskite structure across the whole
solid solution field [1]. An investigation of the SrO-ZrO>-Nb2Os system was performed to see
whether an analogous solid solution can be formed. X-ray and neutron powder diffraction
patterns showed that while there was an underlying pseudo cubic perovskite sub-structure the

symmetry for all investigated compositions was lowered to tetragonal or orthorhombic.

High resolution X-ray powder diffraction data have been collected recently on the powder
diffraction beamline at the Australian Synchrotron for the analogous SrixTiix2Nbx20s,
0 <x <0.2, solid solution. While it has a somewhat smaller composition range it stays cubic

over that range and over the temperature range from 4.2 to 1273 K.

Selected members of both families underwent chemical and electrochemical lithium
intercalation to investigate the amount of lithium that can be intercalated as well as the
possible effects on the structure, including whether lithium is ordered or disordered on
intercalation. The results of structural refinements using the JANA2006 [2] refinement

package will be presented.

[1] Hessen B., Sunshine S.A., Siegrist T., Jimenez R. (1991). Mat. Res. Bull. 26, 85.
[2] Petricek, V., Dusek, M. & Palatinus, L. (2006). Jana2006. The crystallographic computing

system. Institute of Physics, Praha, Czech Republic.
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Ceramic materials have been developed for dental restorations because of their outstanding
esthetics and biocompatibility. Tooth colored ceramic restorations are applied for replacement
of missing tooth structures to achieve an esthetic appearance. However, the possible
applications for dental all-ceramic restorations are limited by the nature of ceramics. They are
very brittle and weak under tensile stresses [1]. In dental restorations, these ceramic crowns
are often intraorally adjusted by dentists using high-speed dental handpieces and diamond
burs. In this process, the brittle nature of these materials results in fracture features on the
adjusted surfaces. Leucite-reinforced glass ceramics have good stability and aesthetic
properties. The bulk materials can be accurately milled and ground using dental CAD/CAM
systems as a result of the small, uniform size of the leucite crystallites. We report on surface
fracture occurring in a leucite-reinforced glass ceramic adjusted with a clinical dental
hardpiece and coarse-grit diamond burs. We have found that brittle fracture is the dominant
adjusting mechanism for the leucite-reinforced glass ceramic. Brittle fracture is attributed to
the indentation and high-frequency impact of diamond abrasives in the ceramic material.
Plastic deformation was also observed in the adjusted surface. There is a tendency for brittle-
ductile transition when the depth of cut and feed rate decreased. Phase transformation of
leucite crystals might have occurred in the adjusting process, which will be further examined

using x-ray diffraction.

[1] Fisher H and Marx R 2001 J. Dent. Res. 80 336.
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Recently there has been much discussion on the BixSri6Lno4CuOes+s system where Ln=La,
Nd, Sm, Eu, Gd, Dy... are lanthanide rare earths. T decreases quickly as the size of the
lanthanide rare earth decreases. Most people argue in favor of an "out-of-plane
disorder" (disorder in the layers outside the copper oxide planes) to explain the suppression of
T¢ in this system, for a fixed doping state. In this view the scattering from disorder breaks
Cooper pairs. We are convinced that the change in T. is more due to "chemical pressure"; the
copper oxide bond length is decreased by reducing the size of the lanthanide rare earth Ln
ions, which increases the effective pressure. Consequently, the orbital overlap is increased and
therefore the exchange energy, J, also increases. This affects the magnetic correlations that
compete with superconductivity

Firstly, this view was investigated by two-magnon Raman and micro-Raman scattering

measurements on BizSrisLno4CuOg+s samples with similar hole concentrations. This allows

the shift in J (related to the two-magnon peak near 3000 cm!) and other interesting Raman
shifts at lower frequencies (due to phonon modes) to be obtained as the ionic size of the Ln
ions is reduced. The results are correlated with data from magnetization and specific heat
measurements.

Secondly, we investigated the inverse effect of barium doping on the strontium site in
Bi2Sr1.6Lao.4CuQOs+s where the substitutions stretch the Cu-O bond-length. Thermo-electric
power and magnetization measurements on BizSri¢xBaxLaosCuOe+s samples (where x = 0,
0.2, 0.4) enabled us to estimate the hole concentration and hence how T. changes with
increasing hole concentration. This in turn enabled us to estimate the maximum T, Tcmax,
which should decrease in the disorder model or increase in the chemical pressure model with

increasing barium concentration.



72
A piston-rotaxane as a molecular shock absorber!

E.M. Sevick and D.R.M. Williams
Research School of Chemistry & Research School of Physical Sciences & Engineering, The

Australian National University, Canberra 0200,

Rotaxanes are molecules architecturally similar to some baby rattles: one or more ring-like
molecules threaded onto a molecular axle which is capped on both ends with large stoppers to
prevent the rings from sliding off. These molecules were first synthesized over 40 years ago
and they are now routinely synthesized in large quantities. Rotaxanes also occur naturally as
the structure has been recognised in some proteins. They can be small molecules or, using
longer axles, larger polyrotaxanes - and there is an endless zoo of possible architectures.
Rotaxane molecules also lend themselves to exact analysis by equilibrium statistical
mechanics. Previous descriptions have focussed predominantly upon “slip-link" behaviour,
where the axle slips through a single threaded ring or link. However, here we study a rotaxane
system which is intrinsically different to these slip-link systems.
In our system there are numerous free rings whose

translational entropy dominates the rotaxanes' behavior;

we couple an external piston to one of the rings of a

rotaxane molecule, Fig 1, and exploit the gas-like entropy

of the other rings to determine the piston's elastic -
response. We refer to this molecular system, where the

piston can compress the axle-bound rings, as a piston-

rotaxane. It behaves as a molecular version of an
automobile shock absorber and using statistical
mechanics, we calculate the thermo-mechanical response =
of this system exactly. The resulting force laws are iz
contrasted with those for a rigid rod and a polymer. In

some cases the rotaxanes undergo a sudden transition to a tilted state when compressed.
These piston-rotaxanes provide a potential motif for the design of new class of materials with
novel thermo-mechanical response.

[1] E.-M. Sevick & D.R.M. Williams, submitted to Langmuir Oct.2009.
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Based on systematic investigations in the ternary system Ir/Sn/O the phase relations in a
temperature range between 973 K and 1173 K could be solved. It turns out that three ternary
phases exist in this system: IrioSn4sOas, IrSngOsx, Ir3SngOs. The determine the thermal
stability of the intermetallic phases the phase diagram had to be investigated as well. The
stable phases in this temperature range are IrsSn7 and IrSno.

Solid state coulometry is a dynamical technique which can be used to measure the oxygen
partial pressure of a solid phase - gas phase equilibrium (OXYLYT-System [1]). It is possible
to investigate the description of the decomposition equilibria in an oxid system with the
measurement of the oxygen partial pressure in dependence of the temperature. In this
temperature range the free reaction enthalpy, reaction entropy and enthalpy can be examined
from the measured oxygen partial pressures. By choosing the appropriate decomposition
equilibria the unknown thermodynamical data of one equilibrium phase can be obtained.

The pO: of five different coexistence areas

-5 J(I): 5/7 Ir + SnO, = 1/7 IrsSn, + O,

(IT): 1/3 Ir;Sn, + 19/9 SnO, = 5/9 Ir;Sn,0, + O,
IV): 173 IrsSn, + 1/2 Ir;SngO, = 19/6 IrSn, + O,
(VID): 80/3 SnO, + 20/3 Ir;Sng0, = 20 IrSn,05, + O, .
1o | VID: 220/37 1rSn, 05, + 20/37 Ir;Sn 0, = of the thermodynamical data has been done
] 16/37 I, ,Sn,50,, + O,

have been measured (Fig. 1). The calculation

in order of the equations (II) to (VII) by

-15 using the Hess’ law. To ensure that the data
Eq. (III)

Eq. (VD)

obtained are consistent with the experimental

-20 4

phase relations, a testing of the compatibility

log[p(O,)/atm]

Eq. (VII) has been done.

225 4 T T T T T
0.70 0.80 0.90 1.00 1.10 1.20

10°/ T [K]

[1]K. Teske, H. Ullmann, N. Trofimenko, J. Therm. Anal. 49, 1211 (1997).
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Core cross-linked star (CCS) polymers prepared from a glycol acrylate core with polystyrene
(PS) or poly(methyl methacrylate) (PMMA) branches were added as filler to linear PS or
PMMA, respectively. The matrix PS is a good solvent for the PS star branches so they will be
mutually interspersed, while the cross-linked cores will constrain movement of the PS
branches. The PMMA system will function the same. In contrast with a typical filled system,
some of the PS, the star branches, will be bonded to the nano-scale cores. The cores restrain
the polymer branches, they will not contribute to modulus and strength as do mineral fillers.
The materials were analysed using modulated temperature-thermomechanometry [1] (mT-
TM) to examine the influence of hyperbranching on the structure, morphology and relaxation
properties. mT-TM is a novel technique that involves application of an oscillating heating rate
over a conventional heating program. The dimension changes are resolved into a reversing
change that is in-phase with the temperature modulation, and non-reversing change (out-of-
phase). This allows phenomena such as thermal relaxations, structural relaxation and
morphological changes to be interpreted. This is useful for characterisation of materials
utilised in fields such as packaging, drug delivery and electrical applications. The glass
transition temperature (Tg) and coefficient of linear thermal expansion (CTE) were
determined. Annealing was performed before the onset of T, at logarithmically spaced
intervals (1, 10, 100 h) to observe the contribution of physical ageing to structural relaxation.
Addition of CCS polymers caused an increase in T, attributed to restrictions that these
macromolecules impart on segmental motions within the linear matrix. This suggests that
CCS polymers behave as physical crosslinks. CTE was shown to decrease with CCS content,
due to the restraints hyperbranched molecules placed on vibrational modes underlying the
expansion ability of a linear matrix. Annealing before the onset of Ty increased both the Tg
and CTE, with materials annealed for 100 h yielding the highest Ty. Increased T; is attributed
to reduction in free volume and mobility within the nanocomposite during structural

relaxation processes.
[1] D. Price, J. Therm. Anal. 51, 231 (1998).
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Polymer materials will undergo a progressive deformation at a constant stress, referred to as
creep. The creep behaviour of polymers will control the suitability as a structural material and
therefore is important to elucidate long-term performance under similar conditions to which
would be its service life. To determine the creep performance, a specimen is maintained at a
constant temperature and stress while the strain is monitored as a function of time. On
application of a specific stress, an instantaneous purely elastic response occurs. Deformation
then continues involving a viscoelastic response. At longer time, a steady state of linear
deformation prevails indicating viscous flow. On extended time, the flow will continue until a
specimen will undergo a rapid accelerated deformation and result in fracture. A typical creep
response is shown in Figure 1. At 40 °C the polymer exhibited the anticipated deformations
and viscous creep, however, at elevated temperature molecular motions are thermally

activated and creep occurs rapidly before rupture.

Creep strain (%)

0 10 20 30 40

Time (min)

Figure 1: Representative creep strain response of HDPE-EVA blend at 40 and 80 °C.
A series of HDPE-EVA blends will be investigated using time-temperature superposition to

compare strain response and thermomechanical stability.
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The discovery of high magnetoresistance in Sro2FeMoOs has led to renewed interest in these
materials. They exhibit close to 100% electronic spin polarisation at low temperatures and
they are believed to have a high degree of electronic spin polarisation for temperatures up to
room temperature. This makes them potential candidates for spintronics applications [1].
Even polycrystalline samples have been found to display a colossal magnetoresistance that
can be attributed to intergrain tunnelling [2,3,4].

In this talk we report the results from magnetoresistance, magnetothermopower, Hall and
magnetisation measurements on polycrystalline SroFeMoOg samples at a range of
temperatures and for magnetic fields of up to 8 T. We also report the results from similar
measurements made on lanthanum doped Sr2FeMoOg to investigate the effect of electron
doping. The ordinary and anomalous Hall coefficients are found to be negative and positive
respectively for pure as well as La doped Sr2FeMoQOs. We also observe magnetothermopower
for temperatures below the Curie temperature. The magnetothermopower can possibly be
explained in terms of effects that include magnon drag and a reduction in carrier scattering

length.

[1] K.-I. Kobayashi, T. Kimura, H. Sawada, K. Terakura, and Y. Tokura, Nature 395, 677
(1998).

[2] D. Serrate, J.M. De Teresa, P.A. Algarabel, M.R. Ibarra, and J. Galibert, Phys. Rev. B 71,
104409 (2005).

[3] E. K. Hemery, G. V. M. Williams, and H. J. Trodahl, Physica B 390, 175 (2007).

[4] E. K. Hemery, G. V. M. Williams, and H. J. Trodahl, J. Magn. Magn. Mater. 310, 1958
(2007).
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Ethylene is important in the production of polyethylene, used in thin film packaging, piping
and cable sheathing. It is produced by steam cracking of naptha, LPG or ethane at
temperatures around 950°C at high flow velocities. Carburisation of ethylene pyrolysis tubes
(typically of nominal composition 31%Fe, 37%Ni and 25%Cr) causes a loss in weldability,
corrosion resistance and ductility, and provides a source of micro-cracking. Plant operators
prefer to replace tubes at planned outages and are interested in remaining life assessments
assisted by description and modelling of the progress of carburisation. The powder diffraction
beamline at the Australian Synchrotron has been used to radially scan mounted and polished
tube sections prepared from ex-service carburised tubes. Radial dependence of carbide phases
in the tubes is being quantified using Bruker TOPAS software for whole pattern line fitting.
Composition analysis and microscopy is being used to create a representative microstructure
in Abaqus Finite Element Analysis (FEA) models and to interpret non-destructive eddy
current measurements [1] of carburisation. The austenite diffracting planes give a peak shift
response to stress that is anisotropic and is being interpreted with FEA based crystal plasticity
models. Neutron diffraction at the Kowari beamline at OPAL (Open Pool Australian
Lightwater reactor) was used to measure strain in unsectioned tubes at room temperature.
This was compared to FEA models of the strain created by differential thermal expansion
between carbide phases and austenite, assuming creep relaxation at normal tube operating
temperature.

[1] K.J. Stevens and W.J. Trompetter, J. Phys. D:Applied Physics 37 501 (2004).
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We present here inelastic neutron scattering spectra that were recorded at the Berlin Neutron
Scattering Centre (BENSC) for both ErMn2Si> and ErCr:Siz. These compounds distinguish
themselves from the remainder of the RT>Si; series (R = rare earth, T = Cu, Ni, Co and Fe) in
that their T sub-lattices order at Néel temperatures of 7n = 500 K and 700 K, respectively, but
their R sub-lattices still order close to liquid helium temperature [1, 2]. The suppression of the
R magnetic order is partly linked to the fact that the R and T sub-lattices reside in separate
layers with only a weak exchange interaction between them. However, it has also been
proposed that the CF interaction at the R-site favours low-lying ground states that frustrate the
R-R exchange process.

As an initial stage of the CF characterisation, the lowest temperature (11 K) INS spectra for
both intermetallics have been fitted with pseudo-voigt line shapes where I'rwnm = 2.2 meV
for ErCr2Siz. The larger value of I'rwnm = 2.8 meV required for ErMn2Siz is consistent with
the superposition of transition peaks starting from the lowest two CF levels with an energy
separation of just 2.5 meV. Based on these observations, tentative CF schemes are proposed
for the Er?* sites in the two compounds and the schemes are compared with data recorded
using other techniques such as specific heat, magnetic susceptibility and '°Tm-Madssbauer

spectroscopy.

[1] O.Moze et al., Eur. Phys. J. B 36, 511 (2003).
[2] M. Hofmann et al., J. Magn. Magn. Mater. 176,279 (1997).
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In-situ diffraction studies in which data is collected as a function of a particular external
variable (for example time or temperature), are often conducted with the aim of developing
models to predict the response of materials to certain operational or processing conditions.
The traditional approach to analysing powder diffraction data collected in this manner is to
refine a model of each pattern independently using the Rietveld method [1] and progress
through the data sets sequentially. Obtaining accurate results via this method can be
problematic, particularly in instances where the nature of the material system is such that data
must be collected under less than ideal circumstances [2].

An alternative approach is to take advantage of known relationships between parameters to
describe their evolution over the entire collection of diffraction data [3]. The total number of
independent parameters is hence reduced, enabling a large number of data sets to be analysed
simultaneously and models of material behaviour to be refined directly. This approach has
recently been used to extract accurate measurements of sample temperature from neutron and
synchrotron powder diffraction data of reacting carbide and oxide systems, and to stabilise the

analysis of phase composition as a function of time for the purposes of kinetic modelling.

[1] H.M. Rietveld, J. Appl. Cryst. 2, 65 (1969).
[2] D.P. Riley et al, J. Am. Ceram. Soc. 85, 2417 (2002).
[3] G.W. Stinton and J.S.O. Evans, J. Appl. Cryst. 40, 87 (2007).
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Second-generation high-temperature superconducting wires consist of a highly textured film
of YBa;Cu3O7 (YBCO) grown epitaxially on a flexible metal substrate. Essential to the in-
field current-carrying performance of the films is the inclusion of a high density of nanoscale
flux pinning centers. Critical current densities in these films can exceed 3 MA/cm? at 77K.

In the present work we continue our previous investigations into creating a high density of
BaZrO3 nanoparticles [1], while maintaining a high superconducting transition temperature
and percolation path. This results in significant enhancements to the critical current densities
in moderate to high magnetic fields. We have found that in growth by metal-organic
deposition, BaZrOs; forms 15-30 nm sized randomly oriented nanoparticles, rather than the
extended correlated columnar structures observed in vapour deposition methods. This gives
an isotropic contribution to flux pinning, and also delays the suppression in Tc. The
microstructure and phase composition of YBCO+15at.%Zr films were studied with X-ray
diffraction and transmission electron microscopy. The distribution of BaZrOs; nanoparticle

size and density are given. The pinning force and in-field critical currents are presented.

[1] N.M. Strickland, N.J. Long, E.F. Talantsev, P. Hoefakker, J. Xia, M.W. Rupich, T.
Kodenkandath, W. Zhang, X. Li and Y. Huang, Physica C 468 183 (2008).
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Theoretical work predicts that the GaN and ZnO binary semiconductors, with appropriate
doping, may show dilute magnetism with Curie temperatures above room temperature [1].
This would make them suitable for spintronics applications. In particular, doping with Co, Mn
or Fe transition metals has been suggested to introduce the dilute magnetism. However, no
evidence of ferromagnetic order in these semiconductors caused by isolated transition metal
impurities has yet been found. Since the perturbed angular correlation (PAC) probe '°°Pd/
100Rh is isoelectronic to Co, it is well suited to investigate the incorporation of transition
metals into these compounds. Specifically, such measurements may shed light on the question
if the Pd atoms are incorporated on lattices site and to what extend this may occur.
Substitutional integration in the lattice is essential for spintronics, since otherwise the
clustering of dopant atoms is likely.

Experiments have been carried out at the 14UD Pelletron accelerator of the Australian
National University where '°°Pd was recoil-implanted into GaN, ZnO and reference samples,
following the fusion evaporation reaction *2Zr('>C, 4n)!%Pd. The recovery of lattice damage
due to the recoil-implantation was studied in an isochronal annealing programme, with
annealing times of 10 min. Unlike for other PAC probes, namely ''!In, '8'Hf, 7’Br, and ''7Cd,
a recovery of implantation-induced damage, i.e. a significant presence of the '°Pd/Rh probe
on lattice sites in GaN and ZnO, has not been observed. This suggests that Pd-doping of GaN
or ZnO, even at the extremely diluted concentrations studied here, results most likely in Pd-
clustering in the material. Iso-electronic atoms such as Co may behave similarly.

[1] T. Dietl, Science, 287 1019 (2000).
[2] R. Dogra, A.P. Byrne, and M.C. Ridgway, Optical Materials 31 1443 (2009).
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Polymers, such as polyethylene, are used for a variety of macroscopic applications in areas as
diverse as food packaging, aerospace and automotive manufacturing, and biomedical
engineering. More recently polymers have been applied extensively as one of the preferred
materials towards the miniaturization of functionality in the form of micro-, and even nano-
scale machines and devices. The tribological performance of polymers under such
circumstances, where loads are small and where surface properties tend to be more important
than bulk properties, is expected to be significantly different than in macroscopic applications
[1]. Nevertheless, it has been suggested that the amount of wear debris generated by a small
number (< 20) of micro-scratches correlates linearly with the macroscopic abrasive wear
performance, as it may, for example, be measured in conventional pin-on-disk wear tests [2].
For some polymers, such as epoxy, where a single micro-scratch produces many debris
particles, the existence of such a linear relationship is more readily acceptable than for others,
such as ultra-high molecular weight polyethylene (UHMWPE). UHMWPE, because of its
ductility, can be micro-scratched without any debris being generated, while macroscopic
abrasive wear rates are comparatively low, however, still considerable. For example, the
significant amount of UHMWPE wear particles produced in total knee- or hip-replacements is
the limiting factor in the clinical performance of such prostheses. In the scratching of
UHMWPE a threshold must thus exist beyond which UHMWPE shows abrasive wear. This
threshold may be defined by the applied load, the dimensions or material properties of the
micro-asperity, the frequency or the repetition of the actuation, the direction of scratching, the
temperature of the polymer or a combination of those parameters.

Taking advantage of the fact, that silicon fractures along crystal planes with nano-scale
definition, silicon micro-asperities have been made and characterized with electron
microscopy. The micro-scratching of UHMWPE by these asperities is being studied in an
effort to understand how debris production depends on actuation parameters. Individual
micro-scratch grooves and abrasive debris generated by the scratch have been characterized
and quantified using scanning electron and scanning probe microscopy. The three-
dimensional spatial sensitivity of scanning probe microscopy allows for detailed volumetric
measurements of scratch grooves and of debris particles previously not achieved with electron

microscopy. Progress is reported and an outlook given on future work.

[1]  J.S.S. Wong, H.-J. Sue, K.-Y. Zeng, R.K.Y. Li, Y.-W. Mai, Acta Materialia 52 431
(2004).

[2] S.K. Sinha, W.L.M. Chong, S.-C. Lim, Wear 262 1038 (2007).
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The purification of racemic mixtures of organic compounds is a formidable task for
preparational chemistry due to the identical physical properties of enantiomers. One possible
solution to this problem is the transfer of enantiopure and racemic compounds into the solid
state. One can thereby take advantage of different crystallographic structures which enables
the usage of established purification procedures in the lab. In a recent publication,!]

Soloshonok et al. described the separation of (S)-a-(trifluoromethyl)-lactic acid from the

respective racemic crystal via sublimation, reaching an enantiopure (ee > 99.9 %) product.
The authors suggested density differences and molecular arrangements to be responsible for
the different sublimation rates (k(racemate) / k(enantiopure) ~ 1.5) and we believe that
computations can shed further light on this intriguing observation. To this end, we employed
calculations with periodic boundary conditions in a planewave code (VASP) to explore the
structures and the energy differences between the two crystal structures. Very tight parameters
had to be chosen to reach an accuracy necessary for the small energy differences assumed.
From a more fundamental perspective, the stereoselective sublimation discussed here has

implications on the origin of a homochiral environment on the prebiotic earth.[!

OH OH
Sublimation )\
F;C COOH  goenair  FsCY Z TCOOH
RT =
80% ee >99.9% ee
S-enantiomer S-enantiomer

[1] V.A. Soloshonok, H. Ueki, M. Yasumoto, S. Mekala, J.S. Hirschi, D.A. Singleton, J. Am.
Chem. Soc. 129, 12112 (2007).
[2] P. Cintas, Angew. Chem. Int. Edit. 47,2918 (2008).
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Surfaces whose properties could be tuned by external stimuli are of great interest, and
possible applications range from micro and nanofluidics, self-cleaning surfaces,
environmental clean-up or bioengineering purposes. Smart surfaces have been the subject of
several reviews recently.! Conducting polymers, which can be switched between oxidised and
neutral state by electrical stimulus, have already been employed to prepare such switchable
surfaces.? With the aim to use them as electrically responsive layers for the preparation of
smart surfaces, we prepared comb-like copolymers based on polythiophene. We thus
envisaged a precursor that could potentially be used in a “graft from” strategy or in solution.
Both strategies relied on a common terthiophene derivative, equipped with a bromoester to
enable Atom Transfer Radical Polymerization (ATRP). This precursor was shown to be
polymerizable both chemically and electrochemically (Figure 1).

In solution, the chemically polymerized macroinitiator was used as a platform to build comb-
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Figure 1. Solid lines: electrochemical growth of terthiophene derivative on a glassy carbon disc
electrode using cyclic voltammetry (20 cycles in 0.05M LiClOs, [tTh]= 0.005M). Dashed line: cyclic
voltammograms of tTh film in 0.05M LiClO4 in CH3CN, scan rate=100mV/s

1. Liu, Y. et al. Controlled switchable surface. Chemistry - A European Journal 11, 2622-2631

(2005).

2. Xu, L. et al. Reversible conversion of conducting polymer films from superhydrophobic to
superhydrophilic. Angewandte Chemie - International Edition 44, 6009-6012(2005).
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We report the photoluminescence and X-ray luminescence of lanthanum-stabilised cubic
barium chloride with europium (Eu?*) doping, of general composition Baj.x.y Euy LaxClo4x. X-
ray diffraction patterns confirm that the material adopts a cubic fluorite structure for x = 0.125
and 0 <y <0.1. The photoluminescence shows an intense band comprising two components
with maxima at 420 and 394 nm. The 394 nm band is assigned to Eu?* substituting for Ba>*
giving a site of cubic symmetry, based on the excitation spectra which show a Tz band and E,
bands similar to those in cubic SrCl:Eu. The 420 nm band has a very different excitation
spectrum and is assigned to Eu?+ ions which have an adjacent chlorine interstitial ion, giving a
site of C4v symmetry. The two bands are also found in the X-ray luminescence spectra. For
both bands, and an additional minor emission at 520 nm found only at low temperatures and
for high Eu concentrations, there is a common excitation in the uv from 150-200 nm which
we attribute to excitons associated with the high concentration of chlorine interstitials in these
materials. The materials show strong X-ray luminescence at room temperature, visible to the
eye in room lighting. A measurement of the X-ray luminescence intensity compared to a
standard commercial Gd20>S:Tb phosphor sheet shows a comparable efficiency for a doping

level of y =0.02.
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The discovery of a giant magnetocaloric effect (GMCE) near room temperature in GdsSi>Ge>
has led to much attention being paid to layered structures in order to understand the MCE
behaviour of such materials [1]. NdMn2Gex«Six offers interesting prospects for enhanced
magnetocaloric behaviour as the tetragonal, layered structure allows the structural and
magnetic states to be controlled via inter- and intra-planar separations of the Mn atoms.

We have investigated the structural and magnetic behaviour of NdMn>GexxSix (x=0-2.0) by
magnetic measurements, X-ray and neutron diffraction (Wombat, OPAL) over the temperature
range 6-465 K. Replacement of Ge by Si leads to contraction of the unit cell with lattice
constant a of NdMn2Ge»-«Six passing through two critical values a®it! and a* in RMn2X» [2]:
acritl=4 06 A at x~1.0 and a“?=4.02 A at x~1.8. This leads to significant modifications of the
magnetic states of NdMn,Ge»«Six. For example, at room temperature both NdMnoGei.6Sio.4
and NdMn:Ge:12Sios are found to exhibit canted ferromagnetism (Fmc) while
NdMn,GeosSit2 and NdMn2GeosSiie show canted antiferromagnetism (AFmc). By
comparison, NdMn;Siz ¢ exhibits interlayer antiferromagnetism (AFil) at 300 K [3]. We have
established that Fmc and AFmc co-exist for NdMn2Ge 2Sio g between TcNd (=90 K) and Tninter
(~180K) while NdMn2>Geo4Sii6 has a GMCE value of -ASy”*=18.4 J kg'! K! around
TcNd=36 K for a field change AB = 5 T. The overall magnetic behaviours of NdMn>Ge>-«Six
compounds are governed by the strong dependence of the magnetic couplings on the Mn-Mn
spacing within the ab-plane. A detailed magnetic phase diagram for the NdMn2GezxSix

system has been constructed over the entire temperature and composition ranges.

[1] V.K. Pecharsky and K.A. Gschneidner Jr, Phys Rev Lett 78, 4494 (1997).
[2] I. Dincer et al., J. Magn. Magn. Mater. 313, 342 (2007).
[3] R. Welter, G. Venturini, D. Fruchart and B. Malaman, J. Alloy. Comp. 191, 263 (1993).
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The Griffith-model of brittle fracture of elastic ol
solids is based on the hypothesis that fracture
occurs when the potential energy released by

a crack exceeds the work required for the
formation of the new surfaces, which has played
dominant role in fracture mechanics. However,
how to determine the direction and the critical
stress of crack extension under general plane
loading has been an important subject of
fracture mechanics. Erdogan and Sih [1]
performed the experiment, in which the tensile
loading axis is oblique to the crack in the elastic g
plate. Williams and Ewing [2] performed the ) o,

detailed experiment and named this problem as
“an angled crack problem”. They showed Fig. 1 Angled crack problem
disagreement between the theory [1] and in compressive stress

the experiment for some parameter regime of the

tensile angled crack problem. Cotterell [3] performed the experiment of compressive angled
crack problem using the elliptic crack made in the plate of fused glass, while Kobayashi [4]
performed the experiment using PMMA and thin cement plate for both of the uni-axial and
biaxial compression. It is well known (Bobet and Einstein[5]) that the tensile angled crack
problem shows unstable crack propagation, while the wing crack in compressive angled crack
problem, shown in Fig. 1, shows stable fracture although both of the new cracks generated are
driven by the tensile stress at the tip of the crack. Although numerous theories have been
proposed, the fracture criterion associated with the stress at the tip of the crack is used for
fracture in compression, while the fracture criterion associated with the energy release rate is
used for tensile fracture, and we still do not have unified fracture criterion. Theoretically the
difference between tensile and compressive stress is simply the sign of the stress and it is
natural to expect to have unified fracture criterion for angled crack problems. We propose
such unified fracture criterion, which predict the direction of crack propagation consistent
with the experimental observations for both of the tensile and compressive case, while the
critical stress of the crack propagation is consistent with the experimental observations only
for the tensile angled crack problem. The criterion predicts the critical stress by two or three
factors below the experiment for the compressive angled crack problem.

[1] F. Erdogan and G. E. Sih, J. Basic Engng. 85, 519 (1963).

[2] J. G. Williams, and P. D. Ewing, Int. J. of Fracture Mech. 8, 441 (1972).

[3] B. Cotterel, Int. J. Fract. Mech. 8,195 (1972).

[4] S. Kobayashi, Zairyo 20, 164 (1971).

[5] A. Bobet and H. H. Einstein, Int. J. Rock Mech. Min. Sci. 35, 863 (1998) and references
cited therein.
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A new materials analysis capability has recently come online, making use of positrons for
analysis of nano-vacancy structure in materials of interest. The experiment implants a pulsed,
variable energy positron beam into the sample and measures the decay lifetime of the
positrons within it. These lifetimes can be related to the size and distribution of voids and
open volume inside the material.

Positrons are emitted from a 22-Na radioactive source. They are initially moderated using
solid neon, which reduces the energy spread of the positrons to ~1.5 eV with an efficiency of
around 1%. These positrons are then guided magnetically and electrostatically to a Surko trap,
where they are confined and further cooled to room temperature. They are released as a
variable energy pulse, which can be temporally compressed to 800 ps. Upon injection into the
sample, the positrons quickly thermalise and annihilate, and the annihilation lifetime is
measured. The variable energy of the beam allows for different implantation depths into the
sample, and analysis can thus be performed as a function of depth, typically up to a few
microns depending on the sample density.

Positron Annihilation Lifetime Spectroscopy (PALS) has long been established as a useful
tool for investigating nano-sized voids in material structures and is the basis of the instrument
described in this paper. A description of the operation of the apparatus will be presented,
along with detail on the analysis techniques that enable the investigation of nanovoids.
Examples of some of the initial measurements made using this facility will be presented.

Future expansion plans to incorporate new analysis techniques will also be outlined.
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Caesium bromide doped with europium (CsBr:Eu?") is a new commercially available x-ray
storage phosphor imaging plate [1]. Storage phosphor imaging plates store the x-ray image as
a varying concentration of electron hole pairs. The image is read out by raster scanning a
focused laser beam across the plate. The CsBr imaging plates are made by vacuum depositing
CsBr:Eu?* onto a substrate. The crystals grow in needle-like structures which act like light
guides for the readout light avoiding the scattering problems and low resolution (4 Ip/mm at
MTF=0.2 [2]) of the usual BaFBr:Eu?" imaging plates. This leads to a higher resolution
imaging plate (6 Ip/mm at MTF=0.2 [3]) which can be used for mammography.

However, the spatial resolution is still not as high as what can be achieved by transparent
materials such as glass ceramics [2][4] as the CsBr needle imaging plates are limited in
resolution by light guiding properties of the needle-like structures.

To overcome this we are investigating ways in which to make transparent CsBr:Eu?" imaging
plates which show minimal scattering effects. We have investigated the effects of moisture
content, concentration and annealing temperatures on the transparency and PSL intensity, and

show representative images.

[1] S. Schweizer, U. Rogulis, S. Assmann and J.-M. Spaeth, Rad. Meas. 33, 483 (2001).

[2] N. Winch and A. Edgar, J. Appl. Phys. 105, 023506 (2009).

[3] H. Bosmans, K. Lemmens, J. Jacobs, B. Verbrugge, K. Michielsen, F. Zanca, J. Nens, C.
Van Ongeval and G. Marchal, Lecture Notes in Computer Science 5116, 724 (2008).

[4] A. Edgar, G.V.M. Williams, S. Schweizer and J.-M. Spaeth, Cur. Appl. Phys. 6, 399
(2006).



