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Front Cover Image: 

This image is an example of a two dimensional Grazing-incidence Wide Angle X-ray Scattering 

(GIWAXS) pattern, collected in one second from a heated spin-coated thin organic film in-situ at 

SAXS/WAXS beamline at the Australian Synchrotron.  Analysis of the peak locations and intensities 

reveals a unique crystalline structure, not seen at room temperature.  Further analysis of how patterns 

such as these change at different temperatures reveals crystalline phase transitions and the thermal 

expansion of crystallites in these phases.  Interestingly they also expose unexpected behaviours such 

as highly negative, and in other very similar molecules, highly positive linear thermal expansion 

coefficients.  These different thermal expansion coefficients end up correlating very well with the 

varying performance of thin film transistors made of these materials annealed and quenched at 

different temperatures. 

Courtesy: Dr Eliot Gann (Monash University / Australian Synchrotron) 
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 2016 : CMM GROUP  
 

Welcome to the ñWaggaò community: 

Just by attending the annual Condensed Matter and Materials (CMM) Meeting you are a member of 

the CMM topical group of the Australian Institute of Physics (AIP). There are no forms or 

membership fees involved.  

 

Take a look at the CMM Group web site: 

It can be accessed from the AIP national web site (www.aip.org.au) by clicking on AIP Groups 

listed under ñRelated Groupsò in the column at the left of the home page and then selecting 

Condensed Matter and Materials Group (CMM). Alternatively, you can go directly to 

http://cmm-group.com.au/ 

 

Please share your favourite ñWaggaò experiences: 

If you have some special group images of you and colleagues, interesting events and stories from 

previous "Waggas", please share them with us by passing them on to Glen Stewart 

(g.stewart@adfa.edu.au) who will have them incorporated into the history section of the CMM 

Group web site. Please include in your e-mail the year of the meeting and the names of those 

ñWaggaritesò you are able to identify in the images. 

 

      

                              1978                                                                    2002 

  

http://cmm-group.com.au/


40th Annual Condensed Matter and Materials Meeting 

 2 ς 5 February 2016, Wagga Wagga NSW, Australia  7 

 2016 : ATTENDEE INFORMATION  

Scientific Program: 

All poster sessions and lectures will be held at the Convention Centre. Chairpersons and speakers are 

asked to adhere closely to the schedule for the oral program. A PC laptop computer and data 

projector, overhead projector, pointer and microphone will be available. Please check that your 

presentation is compatible with the facilities provided as early as possible. Posters should be mounted 

as early as possible. Please remove your Wednesday session posters by early Thursday morning and 

your Thursday session posters by the close of the program on Friday. 

Logistics: 

Please wear your name tag at all times. Registration and all other administrative matters should be 

addressed to the registration desk or a committee member. For lost keys or if locked out of your room 

from 0900 to 1700, contact the Events Office for assistance 6933 4974; after hours, contact the 

Accommodation and Security Office near the corner of Valder Way and Park Way or phone them at 

6933 2288. Delegates must check out of their rooms on Friday morning, before 10:00am. 

Meals, Refreshments and Recreational Facilities: 

All meals will be served in the ñFood Bowlò dining room at Atkins Hall, except the Conference 

Dinner on Wednesday 3 February, which will be held in the Convention Centre. You will receive a 

dining room pass on registration and a ticket to the Conference Dinner. The dining room pass must be 

produced at every meal. It may also be required as identification for use of all other campus facilities, 

which are at your disposal. 

Morning and afternoon tea will be served each day, as indicated in the timetable. Coffee and tea-

making facilities are also available in the Common Room of each residence. In addition, on arrival on 

Tuesday afternoon and for the poster sessions, drinks will be available from the Conference Bar. 

The swimming pool is open on weekdays from 06:00 until 21:00, as are the adjacent gymnasium and 

squash courts. A wide range of facilities such as exercise bikes, table tennis and basketball are 

available in the gymnasium. Access to these facilities is covered by your registration fee. 

Organising Committee Contact Numbers:  

Anton Tadich Chair 0411747351 

Helen Brand Treasurer 0430679007 

Dominique Appadoo Secretary 0488346319 

 

Convention Centre Contact Numbers: 

Events Office Phone (02) 6933 4974 

After-hours Emergencies, Accommodation and Security Office (02) 6933 2288 

Wireless Internet:  

Is available on site. Login details will be provided upon registration.   
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 2016 : EXHIBITORS  
 

 

  

 
 
 
 
 
 
 
 
www.scitek.com.au 
Address: 4/12 Chaplin Dr, Lane Cove NSW 2066 
Phone:(02) 9420 0477 
Contact: Tobias Schappeler 
Email: tobias@scitek.com.au 

www.ezzivacuum.com.au 

Address: 1 Dalmore Dr, Scoresby VIC 3179 

Phone: 1800 463 994 

Contact: Dr Adil Adamjee 

Email: adil@ezzivacuum.com.au 

www.crystan.co.uk 
Address: Crystran Ltd1 Broom Road Business Park, Poole, Dorset 
Phone: +44 (0) 1202 307650 
Contact: Alaina Wright 

Email: sales@crystran.co.uk 

http://www.scitek.com.au/
http://www.crystan.co.uk/
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 2016 : OVERALL TIMETABLE  
 

Tuesday 2
nd

  February 
 

16:00 ï 18:00 Registration desk open 

  Conference bar open 

18:00 ï 19:30   Dinner 

19:00 -  Posters WP1- WP33 to be mounted 

19:30 ï 21:00  Wine Tasting 

 
 

Wednesday 3
rd

 February 
 

07:30 ï 08:45   Breakfast 

08:45 ï 09:00  Conference opening 

09:00 ï 10:30  Oral Session: WM1 ï WM4 

10:30 ï 11:00   Morning tea 

11:00 ï 12:30  Oral Session: WN1 ï WN5 

12:30 ï 14:00   Lunch 

14:00 ï 15:30  Oral Session: WA1 ï WA4 

15:30 ï 16:00  Poster Slam 

16:00 ï 18:00  Poster Session: WP1 ï WP33 

  Afternoon Tea 

  Conference bar open 

18:00 -  Posters: TP1 ï TP37 to be mounted   

18:30 ï 22:00   Wagga 2016 Conference Dinner 
 

Thursday 4
th

 February 
 

07:30 ï 08:45   Breakfast 

08:45 ï 10:30  Oral Session: TM1 ï TM6 

10:30 ï 11:00   Morning tea 

11:00 ï 12:30  Oral Session: TN1 ï TN5 

12:30 ï 14:00   Lunch 

14:00 ï 15:30  Oral Session: TA1 ï TA5 

15:30 ï 16:00  Poster Slam 

16:00 ï 18:00  Poster Session: TP1 ï TP37 

  Afternoon Tea 

  Conference bar open 

18:00 ï 19:30   Dinner 

19:30 ï 22:00  Trivia Quiz (Lindsay Davis Cup) 
 

Friday 5
th

 February 
 

07:30 ï 08:45   Breakfast 

08:45 ï 10:30  Oral Session: FM1 ï FM6 

10:30 ï 11:00   Morning tea 

11:00 ï 12:15  Oral Session: FN1 ï FN4 

12:15 ï 12:30 Awards and Closing 

12:30 ï   Lunch   
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 2016 : PROGRAM DETAILS 
 

Tuesday 2
nd

 February 
  

16:00 ï 00:00 Registration desk open 

16:00 ï 18:00 Welcome reception 

18:00 ï 19:30 Dinner 

19:30 ï 21:00 Wine Tasting 

 

Wednesday 3
rd

 February 
  

  

08:45 ï 09:00 Opening : Anton Tadich, Australian Synchrotron 

 

09:00 ï 10:30 WM  Chairperson : Garry McIntyre, ANSTO 

   

09:00 ï 09:30 WM1 The Australian Synchrotron in 2015 ï Turning Bright Ideas into Brilliant 

Outcomes 

Michael James, Australian Synchrotron       

                               

INVITED 

09:30 ï 09:45 WM2 Reactions of dihalogenated 3,4-ethylenedioxythiophenes on metal 

surfaces  

Jennifer Macleod, Queensland University of Technology 

 

09:45 ï 10:00 WM3 Developing cryogenic high-pressure techniques on the WISH neutron 

diffractometer. 

Chris Ridley, University of Edinburgh 

 

10:00 ï 10:30 WM4 Crystalline self-stratification in polymer thin films  

Eliot Gann, Australian Synchrotron               INVITED 

   

10:30 ï 11:00  Morning tea 

   

11:00 ï 12:30 WN Chairperson : Patrick Tung, UNSW 

   

11:00 ï 11:30 WN1 Quantitative Femtosecond Charge Transfer Dynamics at 

Organic/Electrode Interfaces Studied by Core-Hole Clock Spectroscopy  

Dongchen Qi, La Trobe University      

                                

INVITED 

11:30 - 11:45 WN2 Unconventional Molecular Weight Dependence of Charge Transport in a 

High Mobility n-type Semiconducting Polymer  

Masrur Nahid, Monash University 

 

11:45  - 12:00 WN3 An Approach to Degradation Mechanisms using Numerical Model 

Fitting in Thermally Activated Delayed Fluorescence (TADF) Organic 

Light Emitting Diodes (OLEDs)  

Tadahiko Hirai, CSIRO 

 

12:00 ï 12:15 WN4 In situ characterisation of calcium carbonate prenucleation clusters 

around the solubility limit using Small Angle X-ray Scattering. 

Jonathan Avaro, Southern Cross University 
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12:15 ï 12:30 WN5 Supramolecular assembly of small molecular gelators mediated by 

additives  

Jingliang Li, Deakin University 

   

12:30 ï 14:00  Lunch 

   

14:00 ï 15:30 WA Chairperson : Francesca Iacopi, Griffith University 

   

14:00 ï 14:30 WA1 Engineering the Diamond Surface for Quantum Technologies 

Alastair Stacey, University of Melbourne 

 

INVITED 

14:30 ï 14:45 WA2 Vacancy-mediated electrical conductivity in lithium fluoride upon 

moderate heating  

David Hoxley, La Trobe University 

 

14:45 ï 15:00 WA3 One-step synthesis of n-type Mg2Ge  

Rafael Santos, University of Wollongong 

 

15:00 ï 15:30 WA4 Towards Realisation of High-Performance Thermoelectrics for Energy 

Conversion  

Zhigang Chen, University of Queensland INVITED 

   

15:30 ï 16:00  Poster Slam  

  

16:00 ï 18:00  Poster Session WP1 ï WP33 

  

18:30 ï 22:00  Conference dinner 

After Dinner Talk ñPluto: The Next Frontier for Condensed Matter ñ 

Helen Brand, Australian Synchrotron 

 

Thursday 4
th

 February 
   

   

08:45 ï 10:30 TM  Chairperson : Dongchen Qi, La Trobe University 

   

08:45 ï 09:15 TM1 The endless possibilities of graphene on heteroepitaxial silicon carbide  

Francesca Iacopi, Griffith University 

                               

INVITED 

09:15 ï 09:30 TM2 Capturing the transition from 3C SiC(111) to graphene by XPS and 

STM in Ultra High Vacuum  

Nunzio Motta, Queensland University of Technology 

 

09:30 ï 09:45 TM3 NEXAFS Anisotropy of Molecular Excitations Preceding the Carbon 

Continuum Edge in CVD Graphene on Copper 

Hud Wahab, University of New South Wales, Canberra 

 

09:45 ï 10:00 TM4 Quest for Zero Loss: The Materials selection problem in plasmonics 

Michael Cortie, University of Technology Sydney 

 

10:00 ï 10:15 TM5 Preparation and Characterization of Poly Lactide and Poly (Butylene 

Adipate-co-Terephthalate) Nanocomposites Reinforced with Graphene 

Nanoplatelet 

Sima Kashi, Royal Melbourne Institute of Technology 
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10:15 ï 10:30 TM6 Development of Hydrophilic Materials for Nanofiltration Membrane 

Achieving Dual Resistance to Fouling and Chlorine 

Xi Quan Chen, Harbin Institute of Technology, China 

   

10:30 ï 11:00  Morning tea 

   

11:00 ï 12:30 TN Chairperson : Gail Iles, ANSTO 

   

11:00 ï 11:30 TN1 Atomic-scale understanding of CO2 adsorption processes in metal-

organic framework (MOF) materials using neutron scattering and ab 

initio calculations  

Josie Auckett, ANSTO 

 

INVITED 

11:30 - 11:45 TN2 Crystallographic and magnetic structure study in SrCoO3-x by high 

resolution X-ray and neutron powder diffraction  

Fenfen Chang, University of New South Wales, Kensington 

 

11:45  - 12:00 TN3 Hydrates under pressure ï new insights from sulfuric acid hydrates  

Helen Maynard - Casely, ANSTO 

 

12:00 ï 12:15 TN4 Inelastic neutron scattering as a means for determining the magnetic 

exchange interactions in the frustrated quantum spin chain, Linarite.  

Kirrily Rule, ANSTO 

 

12:15 ï 12:30 TN5 An investigation of magnetic structure and spin reorientation in Cr and 

Mn doped rare earth ferrites using neutron powder diffraction  

Xinzhi Liu, ANSTO 

   

12:30 ï 14:00  Lunch 

   

14:00 ï 15:30 TA Chairperson : Helen Maynard-Casely, ANSTO 

   

14:00 ï 14:30 TA1 X-radiation in health and disease: Novel approaches to the study of 

disease processes and therapy  

Damian Myers, University of Melbourne 

 

INVITED 

14:30 ï 14:45 TA2 Investigation of Targeting Capabilities of Peptide-conjugated 

Endocannabinoid-based lipid Nanoassemblies in the Treatment of 

Arthritis  

Nicola Barrie, CSIRO 

 

14:45 ï 15:00 TA3 Sodium for securing future renewable energy supply  

Manickam Minakshi, Murdoch University 

 

15:00 ï 15:15 TA4 Bi(III) -containing lanthanum germanium apatite-type oxide ion 

conductors and their structure-property relationships 

Matthew Tate, ANSTO 

15:15 ï 15:30 

 

TA5 Low temperature effect of lithium diffusion in 18650-type MNC battery  

Chun-ming Wu, National Synchrotron Radiation Research Centre, 

Taiwan 

   

15:30 ï 16:00  Poster Slam  

  

16:00 ï 18:00  Poster Session TP1 ï TP37 
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18:00 ï 19:30  Dinner 

   

19:30 ï 22:00  Trivia Night  

  

Friday 5
th

 February 
 

   

08:45 ï 10:30 FM Chairperson : Glen Stewart, UNSW Canberra 

   

08:45 ï 09:15 FM1 A Morphotropic Phase Boundary in Samarium-modified Bismuth Ferrite 

Thin Films  

Nagarajan Valanoor, University of New South Wales           

                            

INVITED 

09:15 ï 09:30 FM2 Reversible electrochromism, elasto-optic and thermo-optic effects in 

BiFeO3 films  

Daniel Sando, University of New South Wales, Kensington 

 

09:30 ï 09:45 FM3 Effects of 
18

O isotope substitution in multiferroic RMnO3 (R=Tb, Dy)  

Paul Graham, University of New South Wales, Kensington 

 

09:45 ï 10:00 FM4 Growth and Properties of Strain-tuned SrCoOx (2.5 Ò x <3) 

Thin Films 

Hu Songbai, University of New South Wales, Kensington 

 

10:00 ï 10:15 FM5 Experimental observations of grain-scale property coupling in 

electroceramics  

John Daniels, University of New South Wales, Kensington 

 

10:15 ï 10:30 FM6 Gamma irradiation effect on optical and laser damage performance of 

KDP crystals  

Xiaodong Yuan, China Academy of Engineering Physics, China 

   

10:30 ï 11:00  Morning tea 

   

11:00 ï 12:30 FN Chairperson : Claudio Cazorla, UNSW 
   

11:00 ï 11:30 FN1 Two-dimensional Coulomb gas at negative temperature  

Tapio Simula, Monash University 

 

INVITED 

11:30 - 11:45 FN2 Multimode photon-assisted tunnelling in superconducting quantum 

circuits  

Matthew Woolley, University of New South Wales, Canberra 

 

11:45  - 12:00 FN3 Focusing of electrons and holes in semiconductors: from semi-classical 

dynamics to spintronics  

Samuel Bladwell, University of New South Wales, Kensington 

 

12:00 ï 12:15 FN4 Amplitude of charge density wave in cuprates  

Yaroslav Kharkov, University of New South Wales, Kensington 

 

12:15 ï 12:30  Awards and closing : Anton Tadich, Australian Synchrotron 

  

12:30 ï 14:00  Lunch 
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 2016 : POSTER SESSIONS 
 

Wednesday 3
rd

 February : WP1 - WP34 

WP1 Porosity in Ge and Si1-xGex Alloys Induced by Ion Implantation  

H. Alkhaldi, F. Kremer, T. Bierschenk, J.L. Hansen, A. Nylandsted-Larsen, J.S. 

Williams and M.C. Ridgway
 

  

WP2 Synthesis and characterisation of CoMoO4 nanospheres with improved 

supercapacitive performance 

M. Barmi and M. Minakshi 

  

WP3 Electrolytic manganese dioxide from secondary sources for energy storage  

A. Biswal, M. Minakshi and B. Tripathy  

 

WP4 Do porosity templates improve the performance of supercapacitor electrode 

materials?  

S. Albohani, D. Laird and M. Minakshi 

 

WP5 Multigelator organogels-mixture of gelators assembled by different driving forces 

J. Chen and J. Li 

 

WP6 In situ characterisation of calcium carbonate prenucleation clusters around the 

solubility limit using Small Angle X-ray Scattering technique. 

J. Avaro and A. Rose 

  

WP7 Terahertz Characterisation of 3D Printed Plastics   

J. Colla, A. Squires and R. Lewis 

 

WP8 THz Spectroscopy of Artistsô Pigments, Binders and Canvas  

A. Squires, M. Kelly and R. Lewis 

 

WP9 Steels and intermetallics under extreme conditions 

K-D. Liss, A. Shiro, R. Dippenaar, K. Akita, K. Funakoshi, M. Reid, H. Suzuki, T. 

Shobu, Y. Higo, H. Saitoh, S. Zhang and Y. Tomota 

  

WP10 Improved Micro-CT of SiC/SiC Ceramic Matrix Composites  

J. Thornton, M. Zonneveldt, B. Arhatari, J. A. Kimpton, M. Sesso, S. Y. Kim and C. 

Hall 

  

WP11 Mechanical meta-materials: beyond conventional property  

L. Wang and J. Daniels 

 

WP12 Curing of large size construction for space exploitation  

A. Kondyurin 

 

WP13 Polyurethane medical implants improved by plasma immersion ion implantation  

I. Kondyurina, B. Bao, A. Kondyurin and M. Bilek 

 

WP14 In-situ diffuse scattering experiment on stress-induced ferroelastic transformation in 

Ti-15Nb-2.5Zr-4Sn  

E. Obbard, R. Burkovsky, H. Wang and Y. Hao 
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WP15 Prodrug Amphiphile Nanoparticles of Gemcitabine and 5- Fluorouracil  

J. Bulanadi, M. Moghaddam, A. Xue, S. Julovi, S. Bal, X. Gong and R. Smith 

 

WP16 Spin-polarized single and double electron spectroscopies  

J. Williams and S. Samarin 

 

WP17 Structures of Silane SAMs on Oxide Surfaces  

A. Magerl, H-G. Steinruck, M. Deutsch and B. Ocko 

 

WP18 Biocompatible magnesium based ultrastable metallic glass (SMG) thin films  

S. Gleason, K. Laws,  J. Jiang and M. Ferry 

 

WP19 Epitaxial Growth of Spinel Iron Vanadate Thin Films on Perovskite Substrate  

D. Zhou, Y. Zhou, N. Valanoor, Q. He and Y-H. Chu 

 

WP20 Fingering instability in solid state dewetting of single crystal Ni films 

S. Jahangir, N. Valanoor, C. Thompson, G.H Kim 

 

WP21 Modelling TiO2 supported Au cluster photocatalyst using DFT and SCC-DFTB 

approaches  

J. Li, G. Metha and S. Irle 

 

WP22 Photoconductivity of nanoscale grain boundaries in two dimensional ZnO platelets  

N. Faraji Ouch Hesar  

 

WP23 A Novel method for the preparation of a monolithic alumina catalyst support  

M. H. Amin, S. Bhargava, J. Patel and M. Mazur 

 

WP24 Refractive index of graphite and graphene at wavelengths spanning the carbon K 

edge  

H. Wahab, C. Jansing, H. C. Mertins, S-H Choi and H. Timmers 

 

WP25 Terahertz Spectroscopic Characterizations for Graphite Nanofibers and Graphite  

H. Zhang, J. Horvat and R. Lewis 

 

WP26 Optical bistability due to nonlinear surface plasmon polaritons in graphene  

M. Sanderson, Y. Sin Ang and C. Zhang 

 

WP27 Quantitative 3D Strain Mapping in Nanodiamonds using Bragg Coherent Diffractive 

Imaging (BCDI)  

M. S. Maqbool, D. Hoxley, N. Phillips, A. Stacey, J. Clark, B. Chen, D. Langley, R. 

Harder, E. Balaur and B. Abbey 

 

WP28 The role of dielectric function for the control of coupled dipole resonances in dimers 

of dissimilar metallic nanorods 

G. Fletcher, M. Cortie and M. Arnold 

 

WP29 Helium ion implantation dose dependent microstructure and laser damage of sapphire  

Z. Sui 

 

WP30 Theory of controlling avalanche process of carrier in short pulse laser irradiated 

dielectrics 

X. Yuan, H. Deng and X. Xu 

  

WP31 Cooperative Behaviour of Physical Systems 

T. Finlayson and J. Lashley 
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WP32 EPR Study of a ôCapsuleô Brewed Coffee and its Decaffeinated Version 

G. Troup and S. Drew 

 

WP33 An EPR Study of Tawny Ports, and Coffee Favoured Liqueurs  

G. Troup and S. Drew 

  

 

Thursday 4
th

 February : TP1 ï TP37 

TP1 First spectrum measured on EMU, the cold-neutron backscattering spectrometer at 

the Bragg Institute, ANSTO  

N. De Souza, A. Klapproth, G. Iles 

 

TP2 Development of high-pressure single-crystal neutron diffraction on the Laue 

diffractometer, KOALA, at OPAL  

J. Binns, G. McIntrye, K. Kamenev, S. Moggach and S. Parsons 

 

TP3 Advanced Sample Environment Support for Neutron Instruments at the Bragg 

Institute, ANSTO 

P. Imperia, N. Booth, G. Davidson, S. Lee, T. DôAdam and A. Manning 

 

TP4 Vibrational studies using neutrons  

A. Stampfl 

 

TP5 Development of a compact X-ray source  

E.W.J. Yap, R. Preston, J. Tickner and J. Daniels 

 

TP6 Investigations of the Structural and Magnetic Phase Behaviour of MnSb2-xTaxO6 

Solid Solutions 

H-B. Kang, F. Suzuki and T. Soehnel and 

 

TP7 Low Pressure Synchrotron X-ray Powder Diffraction of Cu5- xMxSbO6 (M = Cr, Mn, 

W)  

D. J. Wilson, T. Soehnel, K. Smith, H. E. A. Brand, C. Ulrich, P. Graham, F. Chang, 

M. Allison and N. H. Vyborna 

 

TP8 Neutron diffraction study of double tungstates Li2M
II
(WO4)2 (M=Co and Ni) 

C-W. Wang, S. Karna, F. C. Chou and R. Sankar 

 

TP9 Low-energy crystal-field excitations observed using inelastic Neutron Scattering  

G. Iles, G. Stewart, R. Mole, W. Hutchison and S. Cadogan 

 

TP10 Dynamical Mechanism of Phase Transitions in A-site Ferroelectric Relaxor 

(Na0.5Bi0.5)TiO3  

G. Deng, S. Danilkin, H. Zhang, P. Imperia, X. Li, X. Zhao and H. Luo 

 

TP11 Kaolinite and halloysite ï does octahedral Fe
2+

 introduce the extra water into 

halloysite?  

J. Cashion, W. Gates, J.M. Cadogan, J. Churchman and L. Aldridge 

 

TP12 An 
57

Fe Mössbauer Study of the Ordinary Chondrite meteorite Lynch-001  

N. Elewa and S. Cadogan 
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TP13 Spin transitions in cementite  

S. Clark 

 

TP14 Non-equilibrium field theory and decay widths: a new golden rule  

H. Scammell and O. Sushkov 

 

TP15 Incommensurate magnetic order in PrNiAl4  

R. White, W. Hutchison, M. Avdeev and K. Nishimura 

 

TP16 Skyrmions and Hopfions in frustrated ferromagnets  

Y. Kharkov, M. Mostovoy and O. Sushkov 

 

TP17 The magnetic properties and magnetocaloric effect in (Mn1īxNix)CoGe  

Q. Ren, W. Hutchison, J. Wang, A. Studer and S. Campbell 

 

TP18 Azimuthal dependence of planar orbits in the crossed fields diamagnetic Kepler 

problem in silicon 

C. Bleasdale and R. Lewis 

 

TP19 Temperature and magnetic field dependent magnetization of nanoparticulate ZnFe2O4 

produced by mechanochemical synthesis  

F. Nesa, X. Wang, J. Wang, S. Kennedy, S. Campbell and M. Hofmann 

 

TP20 Pressure induced, reversible, fourfold enhancement of the magnetic ordering 

temperature in transition metal monomers  

C. Woodall, J. Martinez Lillio, A. Prescimone, M. Misek, J. Cano, J. Faus, S. 

Parsons, K. Kamenev and E. Brechin 

 

TP21 Physical, thermal and 
57

Fe Mössbauer studies of Y2Fe2Si2C  

R. Susilo, S. Cadogan, C-H. Hsu, H. lin, W. Hutchison and S. Campbell 

 

TP22 Mechanism of enhancement of the electron g-factor in quantum point contacts  

G. Vionnet and O. Sushkov 

 

TP23 Towards understanding the magnetic structure of DyN, a ferromagnetic 

semiconductor  

J. Evans, G. Stewart, S. Cadogan, W. Hutchison, E. Mitchell and J. Downes 

 

TP24 G-factors of hole bound states in spherically symmetric potentials in cubic 

semiconductors  

D. Miserev and O. Sushkov 

 

TP25 A 
161

Dy-Mössbauer spectroscopy investigation of DyCrO4  

G. Stewart, S. Cadogan, W. Hutchison and D. Ryan 

 

TP26 Spin drift in Rashba systems with tilted magnetic fields  

S. Bladwell and O. Sushkov 

 

TP27 Epitaxial (001) BiFeO3 thin-films with excellent ferroelectric properties by chemical 

solution deposition-The role of gelation  

Q. Zhang and N. Valanoor 

 

TP28 Complex Magnetic Structure in strained nanoscale bismuth ferrite thin films  

C. Ulrich, J. Bertinshaw, R. Maran, S. Callori, V. Ramesh, J. Cheung, S. Danilkin, S. 

Hu, J. Seidel and N. Valanoor 
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TP29 Nanoscale Ferroelectric domain structure of bismuth ferrite BiFeO3 under different 

strains  

A. Alsubaie, P. Sharma and J. Seidel 

 

TP30 Generalised requirements for ferroelectric domain sharing over grain boundaries  

S. Mantri and J. Daniels 

 

TP31 Rational design of multiferroic superlattices  

C. Cazorla 

 

TP32 Positive effect of an internal depolarization field in ultrathin epitaxial ferroelectric 

films  

G. Liu and N. Valanoor 

 

TP33 Determining fundamental properties from diffraction: electric field induced strain and 

piezoelectric coefficient  

M. Hinterstein, A. Studer and M. Hoffman 

 

TP34 Diffuse X-ray Scattering: Probing the Nano-scale Disorder in the Lead-Free 

Piezoelectric Na0.5Bi0.5TiO3  

P. Tung, M. Major, J. Hudspeth and J. Daniels 

 

TP35 Combinatorial synthesis of piezoelectric materials using an inkjet printer  

F. Marlton, J. Daniels and O. Standard 

 

TP36 Stress and electric-field dependence of the induced phase symmetry in BNT-xBT  

M. J. Hossain, Z. Wang, N. Khansur, P. Tung and J. Daniels 

 

TP37 Contrasting strain mechanisms in lead-free piezoelectric ceramics  

N. H. Khansur and J. Daniels 
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WM1 

The Australian Synchrotron in 2015 ï Turning Bright Ideas into Brilliant 

Outcomes 

 

M. James 

Australian Synchrotron, 800 Blackburn Rd, Clayton VIC 3168, Australia 

 

When VIP visitors come to the Australian Synchrotron (Commonwealth Ministers & their minders, 

Directors of national and international laboratories & research institutes; VCs & DVCRs; my Mother-

in-Lawé) we like to play a little game to try and impress them and to demonstrate the impact of our 

efforts.  It goes a little like this: 

 

Mike: ñPick a topic, any topic, and I will tell you how we make a difference to that, by research 

carried-out at the Australian Synchrotronò (It helps a little if they have an interest in a specific 

disease or medical condition, but this is not essential). 

VIP: ñWellé, How aboutéò 

 

And so on... 

 

A strange way to try and achieve the much-needed financial security that our facility so needs I hear 

you say; and yes, when we face some of our more imaginative foes, the link to their topic can be more 

than a little tenuous.  (Ok sometimes, we crash and burn).  However, for the most part, with about 

1000 experiments per year to choose from, we walk away with our heads held high. My talk will give 

a brief overview of the Australian Synchrotron, as well as its status and future as one of the most 

substantial pieces of research infrastructure in the country.  I will present some recent research 

highlights, particularly pertaining to condensed matter research, and challenge you to challenge us to 

see how the Australian Synchrotron can make a difference to your research. 

 

Pick a topic, any topicé 
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WM2 

Reactions of dihalogenated 3,4-ethylenedioxythiophenes on metal surfaces 

 

J. Macleod
1
, I. Di Bernardo

2
, M. Abyazisani

1
, J. Lipton-Duffin

1
, N. Motta

1
 and P. Hines

1
 

1 
Queensland University of Technology, Brisbane, Queensland 4000, Australia 

2
 Sapienza University of Rome, Rome 00185, Italy 

 

Conducting polymers are a key component of modern technologies: they are used in batteries and in 

displays, and they have a promising future in solar conversion and emerging technologies like flexible 

electronics. The polymer formed from 3,4-ethylenedioxythiophene, known as poly-3,4- 

ethylenedioxythiophene or PEDOT, is used in a variety of applications, primarily because of its low 

bandgap, transparency and stability. PEDOT is typically solution processed, and although this 

technique is simple, it offers limited control over the structure of the polymer. Surface-confined 

polymerization is emerging as an important technique for the structurally-controlled synthesis of 

materials like PEDOT [1,2]. In order to explore possibilities for the surface-confined synthesis of 

structurally well-defined PEDOT, we have studied the reactions of dibromoEDOT and dichloroEDOT 

on Cu(111), Ag(111) and Au(111). The function of these surfaces is twofold: they provide an ordered 

template for epitaxial growth, and they act as catalyst for the Ullmann dehalogenation of the precursor 

molecules. X-ray photoelectron spectroscopy (XPS) measurements were performed at the SXR 

beamline of the Australian Synchrotron to benchmark the reaction temperatures for the successive 

steps in the on-surface reaction for both molecules on all three surfaces. Angle-resolved near-edge x-

ray absorption fine structure (NEXAFS) spectra complement the information provided by XPS, and 

provide insight into the molecular adsorption geometry throughout the reaction pathway. Together, 

these data elucidate the benefits and drawbacks of different metal surfaces and different halogens in 

the context of the surface-confined synthesis of ordered PEDOT.  

 

[1] M. El Garah, J.M. MacLeod and F Rosei, Surf. Sci. 613, 6-14 (2013)  

[2] J.A. Lipton-Duffin et al., Proc. Nat. Acad. Sci. 107 (25), 11200-11204 (2010) 

 

  



40th Annual Condensed Matter and Materials Meeting 
 

24 2 ς 5 February 2016, Wagga Wagga NSW, Australia  

WM3 

Developing cryogenic high-pressure techniques on the WISH neutron 

diffractometer. 

C. J. Ridley 
a,b*

, O.I. Kirichek 
b
, P. Manuel 

b
, D. Khalyavin 

b
 and K. Kamenev 

a
 

a
Centre for Science at Extreme Conditions, The University of Edinburgh, Edinburgh, UK 

b
ISIS, STFC, Rutherford Appleton Laboratory, Chilton, Didcot, UK 

 

Neutron diffraction is a powerful tool for investigating a variety of material characteristics such as 

structural and magnetic phenomena. Controlling temperature, pressure, and applied magnetic field 

allows transitions between phases to be studied very precisely. Neutron facilities such as the ILL and 

ISIS have a broad range of cryogenic equipment capable of reaching ~mK temperatures and magnets 

capable of generating continuous fields up to 15 T. High pressure instrumentation for neutron 

diffraction is currently limited by the need for large sample volumes, requiring large devices such as 

Paris-Edinburgh cells (P ~15 GPa), [1] which are not optimised for use down to the lowest 

temperatures (<70 K), or for use with applied fields due to the dimensions of the cell. 

 

A compact opposed gem anvil system has been developed for use on the WISH diffractometer at the 

ISIS neutron facility. The cell is suitable for use in 100 mm cryostats/CCRs, with the ability to 

control, and continuously monitor, the applied pressure at base operating temperatures using a helium 

driven actuator and an in-situ ruby spectrometer. [2] Opposed gem anvil systems offer unrivalled 

pressure range, but at the cost of reduced sample volume. To improve the signal-to-noise, a novel 3D 

laser sintered collimator has been constructed, allowing data from 1mm
3
 of sample to be refined in 1hr 

data sets. The cell operates with diamond and sapphire anvils; data from each will be presented, 

alongside data characterising the behaviour of the cell at base temperatures. 

 
[1] JM. Besson, G. Weill, G. Hamel, RJ. Nelmes, JS. Loveday, S. Hull. Phys. Rev. B. 45, 2613 (1992) 
[2] MK. Jacobsen, CJ. Ridley et al. Rev. Sci. Instrum. 85, 043904 (2014) 

 
 

*c.ridley@ed.ac.uk 
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WM4 

Crystalline self-stratification in polymer thin films  

 

E. Gann and C. McNeill 

Department of Materials Science and Engineering, Monash University, Victoria 3800, Australia 

 

The orientation of molecules within thin films is of critical importance to the emerging field of 

organic electronics. Particularly in the case of solution processable polymers and small molecules, 

where alkyl side chains, included for solubility, impede conduction along that molecular direction, 

understanding and controlling the molecular orientation both at surfaces and in the bulk of thin films 

is increasingly important to further increase electronic performance. Grazing Incidence Wide Angle 

X-ray Scattering has been widely used to look at the orientation of crystallites within films, but a 

capability which has not been widely used is its potential to characterize the depth within films at 

which different kinds of molecular stacking occur. Using very fine control over the angle of incidence 

of the X-ray beam, we observe a distinct segregation of edge-on crystallinity in a film of the polymer 

PNDI-SVS which otherwise stacks in a highly face-on orientation. Using simulations of the X-ray 

Electric Field Intensity within the film, the angular variation of scattering intensity can be matched, 

resulting in the conclusion that the surface region extends 9 nm into the 72 nm film. 

 

During the spin-coating deposition process, a face-on orientation is initially observed, likely the result 

of preaggregation in solution in combination with a relatively fast-drying solvent. The stratified 

morphology is produced by annealing the film for a brief time, while upon further annealing, the bulk 

of the film eventually reorients to become edge-on, suggesting that the stratification is a non-

equilibrium, kinetically-trapped state. With brief annealing, only the surface region of the film has 

time to reorient to the ultimately lower energy edge-on orientation. The time and temperature of this 

reorganization can reveal the difference in energetics at different depths within the film, illustrating 

how grazing incidence scattering can open up the possibility of examining thin films in novel and 

important ways. 
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WN1 

Quantitative Femtosecond Charge Transfer Dynamics at Organic/Electrode 

Interfaces Studied by Core-Hole Clock Spectroscopy 

 

D. Qi 

Department of Chemistry and Physics, La Trobe University, Victoria 3086, Australia 

 

Organic semiconductors have important applications in organic electronics and other novel hybrid 

devices. In these devices, the transport of charge carriers across the interfaces between organic 

molecules and electrodes plays an important role in determining the device performance. Charge 

transfer dynamics at these interfaces usually occurs at the several femtoseconds timescale which 

presents tremendous challenges to conventional pump-probe based time-resolved techniques. In this 

talk, I will introduce our recent work in the application of synchrotron-based core-hole clock (CHC) 

spectroscopy on the quantitative characterisation of charge transfer dynamics in several model 

organic/electrode systems. The CHC technique allows us to quantify the interfacial charge transfer 

times with element and site/orbital specificity. Combined with other soft x-ray spectroscopies, it 

enables us to identify a few critical factors affecting the charge transfer dynamics at organic/electrode 

interfaces. 

 

Reference 

L. Cao, X.-Y. Gao, A. T. S. Wee, and D.-C. Qi, Adv. Mater. 26, 7880 (2014) 
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WN2 

Unconventional Molecular Weight Dependence of Charge Transport in a High 

Mobility n -type Semiconducting Polymer 

 

M. Nahid, E. Gann and C. McNeill 

Department of Materials Science and Engineering, Monash University, Victoria 3800, Australia 

 

Semiconducting polymers are of interest for a range of applications including organic light-emitting 

diodes (OLEDs), polymer solar cells and flexible electronics. When used as the active layer in 

solution-processed organic field-effect transistors (OFETs) one usually finds that charge carrier 

mobility increases with increasing molecular weight, due to the ability of longer chains to bridge 

regions of local order. Here an unconventional molecular weight dependence of charge transport is 

reported in n-channel OFETs based on the semiconducting polymer poly{[ N , N 0 -bis(2-

octyldodecyl)- naphthalene-1,4,5,8-bis(dicarboximide)-2,6-diyl] -alt-5,50 -(2,20 -bithiophene)}, 

P(NDI2OD-T2). Five different molecular weights have been studied (10 kDa, 17 kDa, 30 kDa, 35 

kDa and 41 kDa) with the charge carrier mobility in top gate bottom contact (TGBC) OFETs found to 

systematically increase with decreasing molecular weight. To understand the origin of this effect, the 

aggregating behaviour of polymer chains in solution has been studied, as well as the thin-film 

microstructure. From optical absorption measurements, which are sensitive to the polymer chain 

conformation, it is found that low molecular weight chains have an open coil conformation while 

higher molecular weight chains adopt a collapsed, or aggregated conformation. Analysis of Atomic 

Force Microscopy (AFM) measurements suggest a higher degree of polymer chain alignment in low 

molecular weight samples. Near Edge X-Ray Absorption Fine Structure (NEXAFS) spectroscopy 

measurements have also been performed that show a similar molecular orientation (backbone tilt) at 

the surface for all the molecular weight samples. Taken together, these results indicate that upon 

solution processing, the lower molecular weight samples are able to form more chain-extended thin-

film morphologies that promote charge transport than the higher molecular weight samples that self-

aggregate in solution produces less favourable morphologies. 

  



40th Annual Condensed Matter and Materials Meeting 
 

28 2 ς 5 February 2016, Wagga Wagga NSW, Australia  

WN3 

An Approach to Degradation Mechanisms using Numerical Model Fitting in 

Thermally Activated Delayed Fluorescence (TADF) Organic Light Emitting 

Diodes (OLEDs) 

 

T. Hirai
1
, T. Shibata

2
, K. Ueno

1
, M. Bown

1
 and C. Adachi

3
 

1
 Manufacturing, CSIRO, Clayton, Victoria 3168, Australia 

2
 Japan Display Inc, Minato, Tokyo, Japan 

3
 Kyushu University, Fukuoka, Fukuoka Prefecture, Japan 

 

We approach degradation mechanisms in green thermally activated delayed fluorescence (TADF) 

organic light emitting diodes (OLEDs) by a numerical model fitting method included a Schottky 

numerical model to evaluate barrier height of carrier injection at interfaces. Using temperature 

dependent current-voltage (I-V) behaviour of hole only (HOD) device ; glass / ITO (100nm) / HAT-

CN (10) / Tris-PCz (70nm) / Al (100nm) , electron only device (EOD) ; glass / ITO (100nm) / Bpy-

TP2 (40nm) /LiF (0.8nm) / Al (100nm) and our model, we have obtained values for the Richardson 

factor, and the barrier height. From the temperature dependent I-V characteristics of the HOD and our 

model fitting, we have estimated barrier height ɫB(H) = 0.370eV, Richardson factor A*(H)=1.0×10
-2
 

A/cm
2
/K

2
 and threshold voltage VTH(H) = 1.5V for the injection of hole carriers. Notably, the 

A*  value of the ITO/HAT-CN/Tris-PCz interface is much smaller than that of a metal/Si interface. 

This suggests that A*  is strongly dependent on the combination of materials and its interface 

condition. 

 

Likewise, we also obtained the device parameters for the electron injection interface from the 

temperature dependent I-V characteristics of the EOD. From the measurement data and our model 

fitting, we have estimated ɫB(E) = 0.285 eV, A(E) = 1.0×10
-3
 A/cm

2
/K

2
 and VTH(E) = 2.2 V. 

Therefore, we tried stress tests using 1 hour 500mA/cm
2
 current stress for HOD and EOD. The 

parameter determined for the HOD show no significant change. In contrast to this the EOD 

parameters show significant change after current stressing; ɫB (E) = 0.285 Ą 0.345 eV, A*(E) = 

1.0×10
-3
 Ą 1.0×10

-2
 A/cm

2
/K

2
 and VTH(E) = 2.2 Ą 2.5 V. It is apparent that the interface of electron 

injection side has undergone significant degradation during the current stressing as revealed by the 

change in the device parameters. 

 

Hence, we have obtained the delayed response of luminescence under pulsed operation of delta-doped 

green TADF OLEDs ; glass / ITO (100nm) / HAT-CN (10) / Tris-PCz (30nm) / mCP:4CZIPN 

(15%,30nm) / T2T (10nm) / Bpy-TP2 (40nm) / LiF (0.8nm) / Al (100nm) after current stress. In order 
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to approach degradation mechanisms, we fabricated a half doped structure in the emission layer. The 

results of pulsed operation indicate the quick response of luminescence has been generated in a very 

thin region contacted to the electron injection side in the emission layer. On the other hand, STEM 

cross sectional images of the TADF green OLEDs show a different contrast at interface region of 

Bpy-TP2 as electron injection layer between before and after the current stress. The results are 

consistent with changes of parameters in the EOD after current stress. From our experimental and 

model fitting results, we describe a degradation model dominated at electron injection interface in 

TADF green OLEDs. 
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WN4 

In situ characterisation of calcium carbonate prenucleation clusters around the 

solubility limit using Small Angle X-ray Scattering technique 

 

J. Avaro and A. Rose 

Southern Cross University, East Lismore, NSW 2480 Australia 

 

In the classical nucleation theory, a mineral will form in supersaturated solution by the random 

collision of dissolved ions to yield transient clusters through a dynamic and reversible process. 

Random addition of dissolved ions eventually causes a ñcritical clusterò size to be reached, at which 

point the process becomes essentially irreversible and the first mineral crystal is considered to have 

formed. Nevertheless, it has been proven that calcium carbonates donôt follow this theory. Instead, its 

abiotic precipitation proceeds by a novel mechanism involving formation of nanoparticle, between 1 

and 250 nm in size and thermodynamically stable in under and supersaturated solution (ɋ < 1 and ɋ > 

1). However, in situ studies aiming to characterise these nanoparticles have always been undertaken in 

highly oversaturated and simplistic conditions. Moreover, the exact role as well as their physical and 

chemical characteristics remains poorly understood. Here weôve combined SAXS technics with an 

ultra-fast mixing device in order to acquire high quality data at extremely short reaction times 

(estimated < 1ms) representing the very early stage of calcium carbonate nanoparticles formation. 

With these technics weôve been able to characterise the size and shape of these nanoparticles around 

the solubility limit (ɋ < 1 and ɋ > 1), varying pH. 
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Supramolecular assembly of small molecular gelators mediated by additives 

 

J. Li 

Deakin University, Geelong, Victoria 3220, Australia 

 

Small molecule gel (SMG) is a class of supramolecular material that is formed by low molecular 

weight gelators in solvents. SMGs have important application in many fields such as foods, cosmetics 

and pharmaceutics. The properties of these materials depend on their multi-level (hierarchical) 

structure and affect their applications. Significant efforts in the past years have been devoted to 

developing novel gelators in order to achieve gels with desirable structure and properties. However, 

the molecular assembly property of a gelator is heavily dependent on solvent properties. Therefore, 

molecular design is not an efficient approach. Recently, it has been proven that the structure formation 

in SMGs is a nucleation and growth process. On the basis of this mechanism, the hierarchical 

structure and hence the properties of the gels can be conveniently manipulated by controlling the 

thermodynamics and kinetics of nucleation. In this presentation, different approaches, in particular, 

molecular additive-assisted approach, that have developed to control the hierarchical structures of 

SMGs will be covered. 
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Quantum technologies promise exciting and transformative futures in many areas of human 

endeavour. An example is the field of bio-sensing, where quantum probes are already being used to 

answer fundamental questions about living cells. In these applications diamond often takes centre 

stage, as a material which simultaneously exhibits both bio-friendly and quantum-friendly properties. 

This presentation will review efforts to exploit diamond for quantum bio-sensing applications, 

encompassing practical cellular measurements to the development of fundamentally new sensing 

techniques. In particular, I will address the biggest materials challenge we currently face, which is the 

presence of uncontrolled defects at the solid state surface, and detail the use of surface science 

techniques, based at the Australian Synchrotron, to understand and re-engineer this important 

quantum/life interface. 
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The challenge posed by charge accumulation at the interfaces of low dimensional electronic devices 

has resulted in a wide range of novel architectures as well as potential applications in organic 

electronics such as organic photovoltaics. These devices include, among others, organic light-emitting 

diodes and organic thin-film transistors. Within such devices, the use of fluoride (LiF) as an inter-

facial layer reduces the potential barrier at the interface which facilitates the efficient collection of 

photo-generated charge with minimal energy [1]. This manifests itself in minimising the band bending 

at interfaces of such devices and is attributed to the low work function of LiF, which reduces the 

effective work function at the interface [2] and in turn leads to efficient charge extraction/injection in 

the organic layer [3]. Thus the electrical properties of LiF are a subject of interest. While most alkali 

halides have been extensively investigated, LiF is an exception which, to date, has not been given 

enough attention. We show that lithium fluoride conducts electricity on heating to temperatures well 

below its melting point. By examining the variation in conductivity with heating along (111) plane, 

we show that the conductivity is due to a mechanism of ion hopping and vacancy migration through 

the host lattice sites. By fitting the data into the Nernst-Einstein relation the two linear regions were 

obtained from which upon extrapolation the activation energies for ion hopping were found to be 0.67 

eV and 0.35 eV for high-temperature (region I) and low-temperature (region II) regions respectively 

as shown in the figure below. Conductivity of LiF has implications for its use as an inter-facial layer 

in photovoltaic device design and potential use in bio-sensing devices due to its cell tissue effective 

mass equivalence. 
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One-step synthesis of n-type Mg2Ge 
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Magnesium-based thermoelectric materials (Mg2X, X = Si, Sn, Ge) have received considerable 

attention due to their availability, low toxicity and reasonably good thermoelectric performance. 

However, the synthesis of these materials with high purity is challenging due to the volatility and high 

vapor pressure of magnesium. In the current study, single phase n-type Mg2Ge has been fabricated 

through the one-step reaction of elemental Ge and MgH2 using spark plasma sintering (SPS). This 

technique was used previously on the synthesis of high purity nanocrystalline Mg2Si as an alternative 

to melting procedures, believed to reduce the formation of oxides due to the liberation of hydrogen. 

X-ray diffraction (XRD) analysis of fabricated bulk samples shows single phase Mg2Ge. Scanning 

electron microscopy (SEM) analysis equipped with energy-dispersive X-ray spectroscopy (EDS) 

indicates that the final composition has Mg deficiency, even when excess Mg of the stoichiometry is 

added to the starting materials. Previous reports highlighted the effect of non-stoichiometric amounts 

of Mg on the thermoelectric properties of Mg-based alloys, especially in n-type compounds where Mg 

vacancies act as electron acceptors and severely reduce the efficiency of dopants. Thermoelectric 

properties measurements show that intrinsic Mg2Ge exhibits n-type behaviour. This work investigates 

the efficiency of Bi as dopant for one-step fabrication of n-type Mg2Ge to improve its thermoelectric 

performance. Bismuth doping results in a significant reduction of electrical resistivity while the 

compound remains n-type, proving Bi as an electron donor in Mg2Ge, as suggested by theoretical 

studies. However, the impact of Bi-doping on the thermoelectric properties of Mg2Ge is much smaller 

than predicted values. Detailed microscopy analysis revealed the formation of Bi-rich precipitates at 

the grain boundaries of the Mg-deficient Mg2Ge matrix, indicating very limited solubility of Bi in this 

compound. It suggests low efficiency of Bi as an n-type dopant for Mg2Ge. 
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Thermoelectric materials can directly harvest emission-free electricity from heat or achieve solid state 

cooling without any vibrational part [1][2] offering a promising solution for the energy shortage [3]. 

So far, extensive investigations have been made to improve the thermoelectric efficiency, which 

governed by the dimensionless figure-of-merit ZT  ( ), where ů is the electrical 

conductivity, S is the Seebeck coefficient, T is the absolute temperature, and k is the total thermal 

conductivity which is the sum of the contributions from its electron (ke) and lattice (kL) components 

[3][4]. For high thermoelectric performance, a high power factor (S
2
ů) and a low ə are required. 

However, it is always a challenge to optimize the individual parameters of ů, S, and k for 

thermoelectric materials due to their interdependent and conflict[3]. Up to now, besides using band 

engineering through tuning band convergence [1] quantum confinement , and effective mass  to 

maximizing S
2
ů, most successful ZT enhancement has been achieved via structural and nanostructural 

engineering  or hierarchical architecting to reduce ə. 

 

Here, Dr Chen developed inexpensive, abundant, and low-toxic thermoelectrics for high-efficiency 

energy conversion using novel industry-level approach, coupled with nanostructure and band 

engineering strategies [3][5-8]. Through effective design of thermoelectric materials with engineered 

chemistry and unique structure, and advanced manufacturing, high-performance thermoelectrics has 

been realised in lab scale. Such innovative technology can be used for harvesting electricity from 

waste heat or body heat, which will pioneer the thermoelectric technology at the forefront of energy 

technologies and bring tremendous economic and environmental benefits to the community. 

 

[1] Chen, Z. G.; Han, G.; Yang, L.; Cheng, L.; Zou, J. Prog. Nat. Sci.  22(6), 535 (2012) 

[2] Han, G.; Chen, Z.-G.; Drennan, J.; Zou, J. Small 10(14), 2747 (2014) 

[3] Yang, L.; Chen, Z.-G.; Han, G.; Hong, M.; Zou, Y.; Zou, J. Nano Energy 16, 367 (2015) 

[4] Hong, M.; Chen, Z.-G.; Yang, L.; Han, G.; Zou, J. Advanced Electronic Materials 1500025, 1-9 

(2015) 

[5] Han, G.; Chen, Z.-G.; Yang, L.; Hong, M.; Drennan, J.; Zou, J. ACS Applied Materials & 

Interfaces 7(1), 989 (2015) 

[6] Han, G.; Chen, Z.-G.; Sun, C.; Yang, L.; Cheng, L.; Li, Z.; Lu, W.; Gibbs, Z. M.; Snyder, G. J.; 

Jack, K.; Drennan, J.; Zou, J. CrystEngComm 16(3), 393 (2014) 
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The endless possibilities of graphene on heteroepitaxial silicon carbide 
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Epitaxial graphene grown using solid source carbon from silicon carbide wafers has been for long 

time the only route to obtain high quality graphene directly grown at the wafer ïlevel, which is crucial 

to realise the promise of graphene for nanodevices. Nonetheless, the capability of obtaining 

comparable quality of graphene on silicon as opposed to silicon carbide wafers, would open an 

immense opportunity for graphene in integrated circuits and micro-systems in general. While 

encouraging results have been obtained through thermal decomposition of heteroepitaxial SiC films 

on silicon wafers, this has usually been limited to small areas and to the use of Si (111) surfaces. 

Moreover, the obtained graphene quality tends to be strongly hampered by the upper limitation in 

synthesis temperature set by the melting temperature of silicon. We have recently demonstrated for 

the first time that most of those limitations can be overcome with the use of heteroepitaxial silicon 

carbide films in combination with a catalytic alloy of nickel and copper. With this approach we obtain 

2 layers graphene on silicon carbide with uniform coverage over the silicon wafer and an average 

ID/IG ratio of about 0.2 +/- 0.05[1] indicating a substantial improvement as compared to a ratio of ĕ1 

and above of graphene through the more conventional thermal decomposition. This novel catalytic 

approach on silicon holds high promise for integrated applications also through the capability for 

straightforward graphene micropatterning through self-aligned synthesis on pre-structured silicon 

carbide on silicon [2]. Moreover, we have demonstrated the potential for this approach to fabricate 

high ïperforming electrodes for integrated supercapacitor structures [3]. 

 

[1] F.Iacopi, N.Mishra, B.V.Cunning, D.Goding, S.Dimitrijev, R.Brock, R.H.Dauskardt, B.Wood and 

J.J.Boeckl, ñA catalytic alloy approach for highly uniform graphene on epitaxial SiC on silicon 

wafersò, J. Mater. Res 30(5), 609 (2015) 

[2] B.V.Cunning, M.Ahmed, N.Mishra, A.R.Kermany, B.Wood, F.Iacopi, ñGraphitized silicon 

carbide microbeams on silicon: wafer-level, self -aligned graphene on silicon wafersò, 

Nanotechnology 25, 325301 (2014) 

[3] M.Ahmed, M.Khawaja, M.Notarianni, B.Wang, D.Goding, B.Gupta, J.J. Boeckl, A.Takshi, 

N.Motta, S.E.Saddow, F.Iacopi, ñA thin film approach for SiCïderived graphene as an on-chip 

electrode for supercapacitorsò, Nanotechnology 26, 434005 (2015) 
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By using X-Ray Photoelectron Spectroscopy and Scanning Tunnelling Microscopy we have been able 

to follow the time evolution of graphene layers obtained by annealing 3C SiC(111)/Si(111) crystals at 

different temperatures. Analysis of the atomic resolution images and of the Carbon signal provides a 

clear picture of the graphene formation. We have been able to visualise by STM the first steps of 

graphene formation on the surface of SiC finding the sequence of reconstructions which lead from the 

SiC(111) surface to graphene, caused by the Si sublimation. We followed by XPS the evolution of the 

graphene thickness at different temperatures as a function of the annealing time, finding a power 

growth law with exponent 0.5. We show that a kinetic model, based on a bottom-up growth 

mechanism, provides a full explanation to the evolution of the graphene thickness as a function of 

time, allowing to calculate the effective activation energy of the process and the energy barriers, in 

excellent agreement with previous theoretical results. Our study provides a complete and exhaustive 

picture of the Si out-diffusion from SiC, establishing the conditions for a perfect control of the 

graphene growth by Si sublimation 

 

[1] Gupta, B., M. Notarianni, N. Mishra, M. Shafiei, F. Iacopi, and N. Motta, ñEvolution of epitaxial 

graphene layers on 3C SiC/Si (111) as a function of annealing temperature in UHVò Carbon 68, 563-

572 (2014) 

[2] Gupta, B., E. Placidi, C. Hogan, N. Mishra, F. Iacopi, and N. Motta, The transition from 3C 

SiC(111) to graphene captured by Ultra High Vacuum Scanning Tunneling Microscopy. Carbon 91, 

378-385 (2015) 
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Technology development and device-design based upon graphene materials require reliable 

techniques for mass production that are time-robust and reproducible. CVD-synthesis is expected to 

be the prime candidate for such up-scaling. Copper is a preferred substrate for CVD. Details of the 

graphene-copper substrate interactions in regard to mechanical stability and electronic band structure 

are therefore crucial input for future device engineering. Such application will require that the 

electronic band-structure of different graphene materials is measured in detail and that graphene-

substrate interactions are well understood. Both, the degree of sp
2
-hybridisation and the electronic 

band-structure can be directly probed with NEXAFS. The spectroscopy technique enables detailed 

studies of structural changes at the graphene surface and at its substrate interface. Our NEXAFS 

studies at the Australian Synchrotron have produced new evidence for a contentious state in graphene 

near 288 eV. This resonance has been intermittently observed before by others and it is often referred 

to as an óinterlayer stateô due to a perceived analogy with graphite [1-5]. Our results for CVD-

graphene synthesized on copper show a pronounced anisotropy for this state. We derive an excitation 

energy of 288.3 eV and a partial overlap with an isotropic contaminating resonance. After annealing 

and keeping the graphene in ultra-high vacuum, the NEXAFS signature of the 288.3 eV state only 

gradually appears and builds-up over several hours. This signature can be removed again by renewed 

annealing. The reversible phenomenon may thus relate to residual lattice mismatch between the 

graphene and the copper substrate. Associated stress may gradually be relaxed through the rippling of 

the graphene layer [6]. Tilting angles of >20
Ǔ
 appear possible. The rippling is evidenced in our data by 

a correlated, reversible non-linearity of the cos-square-theta-dependence of the 285 eV ˊ* resonance 

of graphene.  

 

[1] Fischer et al., Phys. Rev. B. 44, 1427-1429 (1991) 

[2] Pacile et al., Phys. Rev. Lett. 101, 066806 (2008) 
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Under specific conditions incoming light can excite a wavelike oscillatory resonance in the free 

electrons of a conducting material. When this oscillation propagates along a surface it is usually 

termed a surface plasmon polariton; when confined to a discrete nanoparticle as a standing wave it is 

more correctly termed a localised surface plasmon resonance (LSPR). There is currently considerable 

interest in óplasmonicsô- the study of both kinds of plasmon- because applications as diverse as 

biosensors, optical computing, rectenna arrays, and meta-materials can make use of them. The 

strength of the plasmon resonance that can be excited depends on the geometric shape of the structure 

and, most importantly, its dielectric function at the wavelength of interest. The dielectric function, in 

turn, depends directly upon the electronic density-of-states of the relevant material. Here we consider 

how the dielectric function can be optimised for a desired type of plasmon resonance by selection of a 

suitable material. The metallic elements Au and Ag are well known material choices for these 

applications, Al and Cu are also possibilities, while Na and K have very suitable dielectric functions 

but rather unfavourable chemical properties. There are additional possibilities offered by alloying or 

compound formation and we present examples drawn from our own work on the Ag-Au, Cu-Au, Al-

Au, Al-Pt, Au-Ni and Cu-Zn systems [1-6] as examples of what can be achieved. The most important 

strategy when matching material to desired plasmon resonance is that the energy range over which 

interband transitions occur must, in general, be avoided. Given the manner in which the Drude and 

interband components of the dielectric function interact, the region just below the absorption edge 

energy is particularly attractive. This can be accessed by suitable selection of material or by 

manipulation of the geometry or dielectric environment of the nanostructure of interest. In addition to 

metals, however, a range of semiconducting compounds are also of interest for plasmonic 

applications, although generally at somewhat longer wavelengths than for the metals. The diverse 

possibilities offered by these compounds are assessed. 

 

[1] K. S. B. De Silva, A. Gentle, M. Arnold, V. J. Keast & M. B. Cortie, J. Phys. D: Appl. Phys 48, 
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With excellent characteristics such as high mechanical properties and electrical conductivity, 

graphene nanoplatelets (GNPs) can be used for reinforcing polymers and developing novel materials. 

In the current study, different concentrations of GNPs (0-15 wt %) were embedded into poly lactide 

and poly (butylene adipate-co-terephthalate) which are among the leading biodegradable polymers. 

Morphology of the nanocomposites was studied via scanning electron microscopy and X-Ray 

diffraction. Effect of GNP loading on electrical conductivity and thermal stability of the two matrices 

were determined. Results showed significant enhancement in both conductivity and thermal stability 

of polymers with addition of GNPs. 
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A hydrophilic thin-film-composite (TFC) nanofiltration (NF) membrane has been developed through 

the interfacial polymerization (IP) of amino-functional polyethylene glycol (PEG) and trimesoyl 

chloride. The selective layer is formed on a polyethersulfone (PES) support that is characterized using 

FTIR, XPS and SEM, and is dependent on monomer immersion duration, and the concentration of 

monomers and additives. The higher hydrophilicity alongside the larger pore size of the PEG-based 

selective layer is the key to a high water flux of 66.0 Lm
-2
h

-1
 at 5.0bar. With mean pore radius of 0.42 

nm and narrow pore size distribution, the MgSO4 rejections of the PEG based PA TFC NF 

membranes can reach up to 80.2%. The hydrophilic PEG based membranes shows positive charged 

since the isoelectric points range from pH = 8.9 to pH = 9.1 and the rejection rates for different salts 

of the novel membranes are in the order of R(MgCl2) > R(MgSO4 ) > R(NaCl) > R(Na2SO4). The 

pore sizes and water permeability of these membranes are tailored by varying the molecular weight 

and molecular architecture of amino-functional PEG. Due to the unique structure of the selective layer 

of the PEG based membranes consisting of saturated aliphatic construction unit (CH2-CH2-O), the 

membranes demonstrate dual resistance to fouling and chlorine. The membranes maintain good salt 

rejections and high water flux of PEG based membranes after treatment by 2000 ppm NaClO for 24 

hours. Interestingly, the PEG based membranes exhibit excellent fouling resistance with a water flux 

recovery of 90.2% using BSA as a model molecule. More importantly, the hydrophilic PEG based NF 

membranes have been exploited to separate several water soluble antibiotics (such as tobramycin, an 

aminoglycoside antibiotic applied in the treatment of various types of bacterial infections), showing 

excellent performance in concentration or removal of antibiotics 
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The dependence of the industrialised world on fossil-fuel energy generation technologies and 

consequent increase in atmospheric CO2 concentrations has been blamed for emerging adverse 

climate effects, including an increase in global mean temperatures [1]. Until renewable, carbon-free 

energy sources can be efficiently harnessed to meet the worldôs energy needs, interim measures are 

sought to suppress the atmospheric release of CO2 from traditional coal and natural gas combustion 

processes. Microporous materials such as zeolites and metal-organic frameworks (MOFs) are 

therefore being investigated for the separation and capture of CO2 at various stages of the combustion 

cycle. MOFs represent one of the most promising classes of materials for this application, offering 

unrivalled tunability of structural and chemical characteristics via the substitution of metals and 

choice and functionalisation of ligands [2]. In order for a MOF to be rationally tuned for improved 

performance, the nature of the interactions between the host framework and guest molecules must be 

well-understood at the atomic level. Our research targets this detailed understanding of MOFs using 

neutron scattering and computational methods. We are currently investigating several MOFs which 

display unexpected sorption properties such as ñreverse sievingò ï that is, selectively absorbing larger 

gas molecules while rejecting smaller ones ï and unusual lattice expansion effects. Using in situ 

diffraction to locate the preferred binding sites of guest molecules in the framework, inelastic neutron 

scattering to probe system dynamics, and density functional theory-based molecular dynamics 

simulations to validate and interpret our experimental results, we are able to gain detailed information 

about the mechanisms of gas uptake and diffusion in these exciting new MOF materials. 

 

[1] S. Solomon, G.K. Plattner et al., Proc. Natl. Acad. Sci. USA 106, 1704-1709 (2009)  

[2] G.J. Kearley & V.K. Peterson (eds.) Neutron Applications in Materials, Springer (2015) 
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Transition metal oxides (TMOs) represent a wide set of materials with a broad range of 

functionalities, including superconductivity, magnetism, and ferroelectricity, which can be tuned by 

careful choice of parameters such as strain, oxygen content, and applied electric and magnetic fields 

[1-4]. This tunability makes TMOôs ideal candidate materials for use in developing novel information 

and energy technologies and SrCoO3 provides a particularly interesting system for investigation due 

to its propensity to form oxygen-vacancy-ordered structures as the oxygen content is decreased. The 

ties between structural and functional properties of this material are obvious as it undergoes 

simultaneously structural and magnetic phase transitions between two topotactic phases: from a 

ferromagnetic perovskite phase at SrCoO3.0 to the antiferromagnetic brownmillerite SrCoO2.5 [1,5]. In 

this study we have determined their crystallographic and magnetic structures of SrCoO2.50, SrCoO2.875, 

and cubic SrCoO3.00 using high resolution X-ray and neutron powder diffraction from 4 K to 600 K. 

The correct structure of oxygen-deficient end-member SrCoO2.5 was determined in space group of 

Imma, instead of Pnma or Ima2 proposed previously, with G-type antiferromagnetic order up to TN = 

570 K. In SrCoO2.875, clear peak splitting was observed from (200) in cubic phase to (004) and (440) 

in tetragonal phase, indicating that the precise structure is I4/mmm with a = b = 10.829(9) Å and c = 

7.684(2) Å at 95 K, and the corresponding magnetic structure is ferromagnetic with 1.86(4) µB per 

formula, in accordance to a spin configuration of cobalt ions with an intermediate spin state of both on 

Co
3+

 and on Co
4+.

 The end member SrCoO3.00 possesses a simple cubic crystal structure with a = 

3.817(2) Å at 95 K, and ferromagnetic order up to 280 K. The magnetic moment of 1.96(8) µB /Co
4+

 

corresponds to an intermediate spin state of Co
4+

.  

 

[1] H. Jeen et al., Nature Mater. 12, 1057 (2013) 

[2] Yang et al., Nature Mater 8, 485 (2009) 

[3] J. Seidel et al., Nature Com. 3, 799 (2011) 
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[4] T. Takeda, et al., J. Phys. Soc. Jpn 22, 970 (1972) 

[5] S. J. Callori, J. Seidel, C. Ulrich et al., Phys. Rev. B 91, 140405 (2015) 
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Hydrates under pressure ï new insights from sulfuric acid hydrates 
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Hydrates are a rich and diverse class of materials that display a wide range of structures and properties 

ï a feature that is only exaggerated when they are subjected to high-pressures. Consequently, these 

have implications on our understanding of many outer solar system bodies, where hydrates are 

amongst the dominant materials found there. For Europa and Ganymede, two moons under intense 

investigation from past and future space missions, their surfaces seen to be mostly water-ice and 

hydrates. Despite the apparent ósimplicityô of these materials, we still observe very complex 

geological formations on these moons ï including subduction [1]. Hence, we need to understand the 

transformations of candidate surface materials under a range of pressure/temperature conditions in 

order to accurately explain the formations on these icy surfaces. One hydrate candidate material for 

the surfaces of these moons are sulfuric acid hydrates, formed from radolytic sulfur (from Io) reacting 

with the surface ice. Sulfuric acid hydrates have already been established to have a complex phase 

diagram with composition [2]. We have now used the Mito cell [3] at the PLANET instrument [4] to 

undertake the first investigation of the high-pressure behaviour of the water rich sulfuric acid 

hydrates. Compressing at 100 K and 180 K we see that the hemitriskaidekahydrate becomes the stable 

water-rich hydrate and observe some interesting relaxation behaviour in this material at pressure, 

which could have significant consequences for the interiors of Ganymede. 

 

[1] Kattenhorn, S.A. and L.M. Prockter, ñEvidence for subduction in the ice shell of Europaò Nature 

Geosci 7(10), 762-767 (2014) 

[2] Maynard-Casely, H.E., H.E.A. Brand, and K.S. Wallwork, ñPhase relations between the water-rich 

sulfuric acid hydrates, potential markers of thermal history on Jupiterôs icy moonsò Icarus 238(0), 59-

65 (2014) 

[3] Komatsu, K., et al., ñDevelopment of a new PïT controlling system for neutron-scattering 

experimentsò High Pressure Research 33(1), 208-213 (2013)  

[4] Hattori, T., et al., ñDesign and performance of high-pressure PLANET beamline at pulsed neutron 

source at J-PARC. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, 

Spectrometers, Detectors and Associated Equipmentò 780(0), 55-67 (2015) 
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One of the simplest models exhibiting one dimensional (1D) frustrated quantum interactions is the so 

called J1-J2 model. In this model competing ferromagnetic nearest-neighbour interactions (J1 > 0) 

and antiferromagnetic next-nearest-neighbours (J2 < 0) can give rise to novel phenomena such as 

multiferroicity for spiral spin states. Linarite, PbCuSO4(OH)2 is a natural mineral ideally suited to the 

study of frustration in J1-J2 systems due to an accessible saturation field and the availability of large 

single crystals well suited to neutron investigations. In this material the Cu
2+

 ions form spin S = 1/2 

chains along the b direction with dominant nearest-neighbour FM interactions and a weaker next-

nearest-neighbour AFM coupling, resulting in a magnetically frustrated topology [1, 2]. We present a 

neutron scattering study of linarite revealing a helical magnetic ground state structure with an 

incommensurate propagation vector of (0, 0.186, ½) below TN = 2.8K in zero magnetic field [3]. 

From detailed measurements in magnetic fields up to 12 T (B || b), a very rich magnetic phase 

diagram will be presented. In particular we will present new inelastic neutron scattering data and 

compare this with theoretical modelling of the spin Hamiltonian. These theoretical calculations imply 

that linarite possesses an xyz exchange anisotropy. Our data establish linarite as a model compound of 

the frustrated one-dimensional spin chain, with ferromagnetic nearest-neighbour and 

antiferromagnetic next-nearest-neighbour interactions. 

 

[1] M. Baran et al., Phys. Stat. Sol C. 3,220 (2006) 

[2] Y. Yasui, M. Sato, and I. Terasaki, J. Phys. Soc. Jpn. 80, 033707 (2011) 

[3] B. Willenberg et al., Phys. Rev. Lett. 108, 117202 (2012) 
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X-radiation in health and disease: Novel approaches to the study of disease 

processes and therapy 
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Our current medical knowledge and understanding of human biology and physiology have been 

predicated by our capacity to image organs, body structures, different types of tissues and particular 

cell types. These imaging modalities range from advanced microscopy for imaging of cells and tissues 

through to 2D and 3D macroscopic techniques for imaging of tissues and organs. Soft tissues in 

particular are difficult to image, especially when surrounded by dense structures such as bone. Also, 

some regions, such as the brain, require special investigative techniques as they are closed 

tissue/organ structures with low contrast features. Medical diagnoses, monitoring of disease 

progression, efficacy of therapies and the recent advent of ótargeted imagingô rely upon techniques 

such as X-ray analysis, MRI, Positron Emission Tomography (PET) and more. In this seminar several 

recent adaptions of X-ray and synchrotron based X-ray science will be related. In particular, Phase-

contrast X-ray imaging (PCXI), also termed microfocus imaging, X-ray Fluorescence Microscopy 

(XFM) and Microbeam X-ray Therapy (MRT) will be discussed. Since the discovery of X-rays and 

development of medical X-ray sources, X-ray imaging has accounted for approximately 60% of 

medical diagnostic procedures; X-ray imaging is still the predominant technology used in medicine. 

Over the past 30 years radioisotope-based imaging has expanded substantially with 3D positron 

emission tomography (PET) and combined PET/MRI being developed for simultaneous structural and 

functional imaging. More recently, advanced 3D imaging techniques have been aligned with targeted 

therapies and high resolution multi-modal imaging to improve our capabilities in definition of organ 

boundaries and particular tumours and organ abnormalities. Microbeam radiation therapy (MRT) is 

another capability and this is currently being developed at the Australian Synchrotron. Synchrotrons 

produce a broad range of electromagnetic radiation applicable for diverse analyses such protein 

crystallography, X-radiation for fluorescence spectroscopy, for mapping and quantification of trace 

metals, and for fast X-ray tomography for structural imaging. Access to synchrotron light sources has 

led to a renaissance in utilisation of X-rays for diverse imaging applications and novel radiation 

therapies. During this seminar the importance of advanced imaging techniques and synchrotron 

radiation to enable investigation of a range of diseases will be related. This presentation will include 

specific studies in which application of synchrotron radiation has aided investigations into bone 

disease and bone cancers, the study of brain abnormalities including epilepsy and traumatic brain 

injury and targeted therapy using MRT. Advanced medical imaging techniques have been central to 

our understanding of disease processes and have the potential to aid clinicians when considering 
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therapeutic interventions. The strong synergy that occurs in interdisciplinary research has been crucial 

to these developments. Project design and efficient implementation of advanced imaging techniques 

to achieve meaningful outcomes in science and medicine will also be discussed.  

 

Acknowledgement: The contribution of the many scientists and organisations involved with this work 

will be related during delivery of this invited seminar. 
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Aims: To develop a novel drug delivery system using cannabinoid amphiphiles and evaluate the 

synovial homing capabilities of peptide-conjugated nanoparticles for the targeted treatment of arthritic 

conditions.  

 

Background: Chronic inflammatory joint disease is a common problem that results in a great deal of 

pain, dysfunction and socio-economic hardship to those affected. We have developed and synthesized 

a series of endocannabinoid agonists that have the ability to self-assemble in the presence of a polar 

solvent to form a variety of nanoassembled particles governed by local constraints imposed by the 

effective shape of the molecule. The cannabinoid amphiphiles ability to self assemble makes them 

potentially useful vehicles for the encapsulation and controlled release of hydrophilic, hydrophobic 

and amphiphilic drugs. Furthermore, modification of pharmacokinetic properties through polymer 

conjugation allows the customisation and specific targeting of nanoparticles within a physiological 

system allowing a highly sophisticated drug delivery system. Together, the nanoparticles capacity for 

anti-arthritic drug deliver coupled with the targeting capability of peptides such as HAP-1, facilitates a 

selective accumulation of therapeutic agents in the inflamed synovium, potentially improving drug 

efficacy at the diseased site without compromise to healthy tissue. In addition to targeted drug 

delivery, the endogenous nature of cannabinoid amphiphiles further increases biocompatibility and 

may act in an analgesic capacity. Modulation of the endocannabinoid receptor system via interaction 

of amphiphiles endocannabinoid lipid constituents facilitates the potential for pain relief associated 

with rheumatoid arthritis via manipulation of the endocannabinoid system.  

 

Methods: Lipid-based amphiphile components for nanoassemblies were synthesized in large scale. 

HPLC, LC/MS, Polarised optical microsopy (POM) and NMR were employed to examine the bulk 

phase of a variety of lipid mixtures at 25
Ǔ
C and 37

Ǔ
C. The synovium targeting peptide, HAP-1, and 

pegylated lipids were incorportated on the surface of these nanoassemblies and its physicochemical 

properties assessed using POM, particle sizing, and cryo-TEM. ñDidò fluorochrome was incorporated 

into the nanoparticles lipid membrane and its bio-distribution was imaged in normal rat models via 

near-infrared fluorescence imaging system (NIRF).  
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Results and Discussion: Endogenous monoethanolamide lipids oleoylethanolamide (OEA) and 

linoleoylethanolamide (LEA) were synthesized and purified to greater than 98% purity. Both the 

monoethanolamide head group and the unsaturated hydrophobe are of key importance in dictating the 

self assembly behaviour of these molecules. The current study demonstrated the ability of endogenous 

fatty acid monoethanolamides with an increasing degree of hydrocarbon unsaturation to form cubic 

phases at 25
Ǔ
C and 37

Ǔ
C. 40% OEA/60%LEA was established as the threshold ratio for cubic stability 

at physiological temperatures and therefore the most physiologically relevant mixture. Functionalized 

40% Oleoyl-PEG-2000 was synthesized, fluorescently tagged and either conjugated with or without 

HAP-1 peptide. HAP-1 conjugated nanoparticles demonstrated homing capacity, localising in the 

knee and hip joints in normal rats, whilst untagged nanoparticles exhibited no specific distribution. 
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Sodium for securing future renewable energy supply 
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The storage and recovery of electrical energy is widely recognized as one of the most important areas 

for energy research. Although renewable energy such as i.e. wind and solar generated electricity is 

becoming increasingly available in many countries including Australia, these sources provide only 

intermittent energy. Thus, energy storage systems are required for load levelling, allowing energy to 

be stored and used on demand. Energy storage in rechargeable batteries and supercapacitors is the 

most promising prospect for ensuring consistent energy supply [1-2] therefore allowing greater 

penetration of renewable energy into the electricity grid. Energy storage capability also has obvious 

benefits in terms of greenhouse emissions. Issues such as the environment, the rapid increase in fossil 

fuel prices, and the increased deployment of renewable energy sources, provide a greater need for the 

development of electrochemical energy storage, especially for large-scale applications. Thus, 

materials research and computational modelling play a key role in making further progress in the field 

of energy storage. Energy storage devices based on sodium have been considered as an alternative to 

traditional lithium based systems because of the natural abundance, cost effectiveness and low 

environmental impact of sodium. Phosphate materials such as NaNiPO4, NaMnPO4, NaCoPO4 and 

NaNi1/3Mn1/3Co1/3PO4 will be discussed at the conference. Sodium transition metal phosphate has 

served as an active electrode material for an energy storage device [3-4]. The development of sodium 

transition metal phosphate with special emphasis on structural changes and novel synthetic approach 

can underpin technological advancements in small renewable energy harvesting and power generation 

technologies. The characteristics of the fabricated device such as improved storage capability, cycling 

stability, safety and economic life - cycle cost made this an attractive alternative to conventional 

charge storage devices using more expensive materials.  

 

[1] J. Zhang, J. Jiang, H. Li, and X. S. Zhao, Environ. Sci. 4, 4009 (2011)  

[2] C. Liu, F. Li, L.-P. Ma, M.-M. Cheng, Adv. Mater. 22, E28 (2010) 

[3] M. Minakshi, D. Meyrick and D. Appadoo, Energy & Fuels 27, 3516 (2013) 

[4] M. Minakshi, T. Watcharatharapong, S. Chakraborty, R. Ahuja, S. Duraisamy, P. T. Rao and N. 

Munichandraiah, Dalton Trans. DOI 10.1039/c5dt03394b (2015) 

  



40th Annual Condensed Matter and Materials Meeting 

 2 ς 5 February 2016, Wagga Wagga NSW, Australia  55 

TA4 

Bi(III) -containing lanthanum germanium apatite-type oxide ion conductors and 

their structure -property relationships 

 

M. Tate
1
, G. McIntyre

1
 and I. Evans

2
  

1
 The Bragg Institute, ANSTO, Lucas Heights, NSW 2234, Australia 

2
 Durham University, Durham, United Kingdom 

 

Oxide ion conductors are used in a wide variety of applications, including oxygen sensors and 

separation membranes, but are undergoing significant study for their use in solid oxide fuel cells 

(SOFCs), which allow for the direct conversion of chemical to electrical energy. Apatite-type silicates 

and germanates, La9.33+x(TO4)6O2+3x/2 (T = Si, Ge), have exhibited high oxide ion conductivities, 

potentially allowing for their use in SOFCs. Apatite-type compounds have the general formula, 

[A
I
4][A

II
6][TO4]6X2±ŭ, (A = alkaline or rare earth metal, or Pb; T = Ge, Si, P, V; X = O, OH, halides) 

and can be thought of as comprised of a framework of A
I
4(TO4)6 with flexible cavities containing 

A
II

6X2 units. The structures of apatite-type materials are primarily hexagonal, with the remainder 

being monoclinic, with several triclinic examples known. The origin of the triclinic structure is 

thought to be partly due to the size differences between the units comprising the framework and those 

within the cavities. The inclusion of interstitial oxide ions have been shown to promote the triclinic 

distortion, potentially caused by further expansion of the framework. Three novel Bi(III)-containing 

lanthanum germanium apatite compounds (Bi2La8[(GeO4)6]O3, Bi4Ca4La2[(VO4)2(GeO4)4]O2, and 

Bi4Ca2La4[(GeO4)6]O2) were synthesised by a solid state synthetic method, before undergoing AC 

impedance spectroscopy experiments to study their electrical properties. The Bi2La8[(GeO4)6]O3 

compound has been identified as being the first bismuth containing apatite with a triclinic structure, 

whilst the Bi4-containing compounds possess hexagonal structures. All samples show high levels of 

conductivity, with the triclinic sample possessing higher conductivity values than the hexagonal 

samples at high temperature. 

. 

  




