SCOOTMO Research Training Network Newsletter 2

Co-ordinator notes

I am writing this a few weeks after the very successful Groningen meeting, which combined encouraging news of scientific progress from the network, tutorial insights into topics identified at Oxford as important and a superb social programme. Our thanks are due to Michael Pollet, Thom Palstra and the Groningen team for such an enjoyable event – I am sure the Commission will be pleased to learn that the training on offer extended to Dutch mustard manufacture.

The newsletter contains a summary of the Oxford meeting (several of the tutorial presentations should now be available via the website) and short summaries of papers relevant to the Network written by the YR’s. Thanks to Rocio Ruiz-Bustos and Peter Battle for putting this together.

The next meeting is in Cracow and includes the extremely important mid-term review. This will, as we discussed in Groningen, involve significant participation from all of the teams, and particularly the YR’s. To help with preparation, I have included the important aspects of YR participation as part of the newsletter. 

In concluding I’d like to re-emphasise the need to ensure we are making full use of the collaborative opportunities the network brings. This needs the coordinators at each node to check they are implementing the collaborative work we discuss at the network meetings, and the YR’s to point out opportunities for interaction that have not yet been identified. By working together in this way we can continue to do high quality science.

Matt Rosseinsky

Liverpool

May 20, 2004

SCOOTMO 2nd meeting

(Oxford 10th -12th September 2003)

The second meeting of the network was held from September 10th-12th 2003 at Pembroke College, Oxford, which proved to be both a convenient and convivial venue.

The meeting was attended by twenty three members of the network from the eight participating laboratories as well as by other five invited speakers from other research centres.

The meeting began with a dinner on Wednesday evening, followed by informal discussions about the objectives of the present meeting. The delegates were keen to discuss science, but also to set goals that were realistic and attainable.

On Thursday morning, Paolo Radaelli, an instrument scientist at the ISIS neutron source, opened the series of plenary talks with his presentation about "Self-organized dimerisation patterns on a frustrated lattice: synchrotron and neutron studies". After that, the young researches associated with the SCOOTMO Network started to describe, in 15 minutes presentations, the work they had done since February, when the first SCOOTMO meeting took place. The Caen group was represented by Cedric Yaicle, who talked about the structural investigation by neutron diffraction and electron microscopy of Pr0.5Ca0.5Mn0.97Ga0.03O3, and by Nicolas Guiblin who described a structural study of the room-temperature, charge-ordered compound Pr0.5Ca1.5MnO5.

During the latter part of the morning we had a second invited contribution, this time by Russ Egdell from the Inorganic Chemistry Laboratory in Oxford. He gave an account of the uses of electronic spectroscopy in determining the electronic structures of metal oxides.

 After lunch a further plenary talk was given by Andrew Boothroyd, from the Clarendon Laboratory at Oxford University, who described the characterization of complex order in oxides by X-ray and inelastic neutron scattering. Zdenek Jirak, the local coordinator in Prague, then updated us with an account of their work on the valence and spin states in the B-site doped perovskite cobaltites.


The last talk of the day was presented by Steve Blundell from the Department of Physics at the University of Oxford. He gave a very good overview of the applications of SR spectroscopy in studies of oxides.


To conclude the day we had a Network Review where we shared ideas and discussed the progress of the different projects that we are carrying out. 

On the morning of Friday,      September 12, the second full day of the meeting started with Czeslaw Kapusta, who is our coordinator in Cracow, explaining the applications of solid state NMR to manganates. Then Manuel Andújar, the young researcher in Liverpool, showed us the results he had obtained in the characterisation of the reduced Ca2.5Sr0.5GaMn2O8- phases. 


The morning continued with a talk by John Hutchison, an expert in electron microscopy, who is based in the Department of Materials of Oxford University. He gave a description of the microscopic structural features of oxides which can be revealed by HRTEM, . 


The last talk before lunch was presented by Agung Nugroho who is working in Groningen with Thomas Palstra on the magnetism and orbital ordering in rare earth vanadates.


During Thursday afternoon  the young researchers continued with their presentations, starting with Vidya Ravindran, who presented the work she developed in the University of Oslo on density-functional studies of spin, charge and orbital ordering in LaBaMn2O5+ (=0, 0.05 and 1). Her presentation was followed by the Oxford contribution, where Philip Frampton and Rocío Ruiz-Bustos showed the results obtained in the study of single and double brownmillerite manganates and also some aspects of the (Ca3-xMx)FeMn2O9- system.


Karel Knizek from the Prague group talked about the spin state in perovskite cobaltites; as deduced from experiment and LAPW calculations. From Caen, Delphine Flahaut and Lisa Gillie described the neutron study of the perovskite system LaMn1-xMxO3 (M = vacancy, Co, Ni, Zn) and new structures in the Sr/Mn/O system.


Contibutions from Cracow and Oslo ended the series of talks. Marcin Sikora gave general presentation about XANES, EXAFS and XMCD measurements and Colin Oates showed some NMR results. Finally, Yohann Breard, working now in Oslo, discussed some topics concerning in the oxide chemistry of iron and manganese.


The last session of the day involved a general discussion and also planning for the future meetings.

The next SCOOTMO meeting was scheduled for sometime in April and it will take place in Groningen, the Netherlands.

All the participants contributed to making this a useful and enjoyable meeting.

Young Researchers Literature Highlights

Michael Pollet (University of Groningen)
Magnetic control of ferroelectric polarization. T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arima & Y. Tokura. Nature, 426 [6], 55-58 (2003).

In this paper, the authors show the opportunity of getting a spontaneous ferroelectric polarization in a magnetic material exhibiting an incommensurable spin ordering (bellow Tlock). The material studied is TbMnO3, with a perovskite-type structure and a Pnma space group. The magnetic incommensurability is along the b axis.

It is first shown that the magnetic incommensurability leads to a magneto-elastic effect that induces the displacement of the charges from their centrosymmetric position, providing the off-centering conditions for the ferroelectricity. The polar direction is along the c axis. The second point is the measurement of a spontaneous polarization bellow Tlock as high as 8.10-2 C.cm-2 ((1/30 of the one of BaTiO3) and a peak in the dielectric constant at Tlock. The third point is the study of the magneto-electric behavior which clearly shows the dependence of the polarization upon the magnetic field. No interpretation for the coupling is given yet. Finally, the authors propose a (T,H) phase diagram, evidencing a quite large domain where the material is both ferroelectric and ferromagnetic.

Mathieu Allix (University of Liverpool)

Order and disorder in (Nd,Ce)nO2nSr2GaCu2O5 and YSr2CoCu2O7. T. Krekels, O. Milat, G. Van Tendeloo, S. Amelinckx, T.G.N. Babu, A.J. Wright and C. Greaves, Journal of Solid State Chemistry, 105, 313-335 (1993).
The structures of the compounds described in this paper are 123-phases. Electron diffraction and direct image from high resolution electron microscopy allow the authors to study superstructures. These ones consist of a regular alternation of two types of symmetry related to the MO chains. The superstructures lead to a variety of order defects, some of them well known in other systems but also to specific ones. High resolution images allow to determine the origin of the superperiod and the different stacking possibilities for successive layers are observed and represented schematically. Thus, twin “lines” are due to orientation changes of the chains within a single MO layer and antiphase boundary lines result from the parallel shift over one interchain distance, of two parts of the layer. According to me, the most interesting part is the microscopic study of the different possible configurations of the MO chains.

Marcin Sikora (University of Zaragoza)

Magnetic Neutron Scattering Study of YVO3 : Evidence for an Orbital Peierls State. C. Ulrich, G. Khaliullin, J. Sirker, M. Reehuis, M. Ohl, S. Miyasaka, Y. Tokura, and B. Keimer, Phys. Rev.Lett. 91, 257202 (2003).

Ulrich et al [1] investigated magnetic structure and dynamics in YVO3 pseudocubic perovskites by means of neutron spectroscopy. The studied compound belong to the family of transition metal oxides, in which temperature or doping can drive phase transitions involving marked redistributions of the valence electron density, i.e. ‘orbital ordering’ [2]. Except form the general scenario, in YVO​​3 a series of temperature-induced magnetization reversals (heralds of orbital ordering) is observed far below the magnetic ordering temperature [3]. 

Neutron diffraction measurements below the magnetic reversal temperature (TN1=75K) revealed G type structure, that is antiferromagnetic in all three directions of pseudo-cubic cell. Between TN1 and TN2 = 116K magnetic structure is of C type, that is antiferromagnetic within ab plane and ferromagnetic along c direction. Magnetic moment of 1.05​B observed in high temperature phase is much lower than expected for ion-free value of 2B. Also inelastic magnetic scattering data exhibit unusual properties of high temperature phase, such as splitting of optical and acoustic magnons branches by gap of 5meV and larger magnons band along c axis than in the ferromagnetic ab plane. The latter observation violates the standard Goodenough-Kanamori rules according to which ferromagnetic superexchange interactions are generally substantially weaker than antiferromagnetic interactions. 

Authors propose an 1D spin-orbit model, which assumes that orbital ordering at TN1 is driven by a thermal crossover between two competing states: a ferromagnet and a novel collective singlet state, the ‘orbital Peierls state’ [4]. In this state, the superexchange energy of a system of fluctuating exchange bonds is lowered through spontaneous formation of a dimerized state with alternating strong and weak bonds, in analogy to the Peierls instability of a 1D metal.

[1]  C. Ulrich et al., Phys. Rev. Lett. 91 (2003) 257202. 

[2]  Y. Tokura and N. Nagaosa, Science 288 (2000) 462.

[3]  Y. Ren et al., Nature (London) 396 (1998) 441.

[4]  S.K. Pati, R.R.P. Singh and D.I. Khomskii, Phys. Rev. Lett. 81 (1998) 5406.

Rocío Ruiz Bustos (University of Oxford)
Synthesis, structure and properties of randomly mixed and layer-ordered SrMn1-xGaxO3 perovskites. E.N. Caspi, M. Avdeev, S. Short, J.D. Jorgensen, B. Dabroski, O. Chmaissem, J. Mais and S. Kolesnik. Journal of Solid State Chemistry 177, 1456-1470 (2004).

SrMnO3-δ displays two different crystal structures: A hexagonal four-layered and the perovskite one which appears at high temperatures. This paper studies the substitution of Mn for Ga in the SrMnO3-δ compound and the stabilization of the perovskite phase as a consequence of this, also shows the different structures found with different Ga compositions. The solid solution can be extended as a maximum of x ≈ 0.33 in SrMn1-xGaxO3-δ in order to obtain a single phase with the same cubic structure as the parent compound. When the Ga concentration is intermediate between 0.3-0.5 a mixture of phases appear, however higher Ga content lead to the single phase ordered double-perovskite structure Sr2MnGaO6-δ. This ability to stabilize the perovskite phase was probed earlier introducing Ga in the strontium ferrites and its La-doped analogue.

Low temperature neutron powder diffraction data for x =0.1 and 0.2, show reflections that could be explained using a G-type antiferromagnetic ordering of the Mn ions, similar to the magnetic structure observed in SrMnO3.

The second part of the paper is also quite interesting and deals with the layered-ordered phase Sr2MnGaO6-δ (0.5 ≤ δ ≤ 1.0), formed for x = 0.5. There are several papers describing its structure in different ways and it is clear, as one recent paper on the oxygen vacancy ordered structures in SrFeO3-δ explained, how difficult it can be to determinate the correct space groups for these kind of compounds. In this case, the authors suggest that the maximally oxygenated layer-ordered phase Sr2MnGaO5.5, displays a small orthorhombic distortion (Cmmm) rather than tetragonal symmetry. These samples also present different magnetism than the one previously reported. In this case both long-range C-Type and G-type magnetic ordering are found, as a result of the interplay of “diagonal” and “vertical” interlayer antiferromagnetic super exchange interactions between Mn4+ ions, instead of a short-range G-type described by other authors.

Yohann Bréard (Univeristy of Oslo)

The origin of ferroelectricity in magnetoelectric YMnO3. van Aken, Bas B.; Palstra, Thomas T. M.; Filippetti, Alessio; Spaldin, Nicola A. Nature Materials  3(3),  164-170 (2004).

After a brief introduction where mechanisms of ferroelectricity are remind, authors demonstrate that in the case of the hexagonal ferroelectric YMnO3, the spontaneous electric polarization can not be explain by these traditional mechanisms. Thanks to the use of different but complementary techniques (single-crystal X-ray diffraction and density-functional computations) a new explanation is then proposed. For YMnO3, mechanisms of ferroelectricity are driven entirely by electrostatic and size effects: the polarization is a consequence of an unusual Y-site coordination and the triangular and layered MnO5 network. This paper is of a great importance: it suggests an avenue for designing novel magnetic ferroelectric bulk or thin-film materials. 

Colin Oates (University  of Cracow)

Insulator - metal transitions in (Pr,Ca)MnO3: an NMR study. C J Oates, Cz Kapusta, M Sikora, P C Riedi, C Martin, C Yaicle  and A Maignan. Acta Physica Polonica A 105, 189 (2004).

An NMR study of Pr0.5Ca0.5Mn1-xGaxO3 (x=0 and 0.03) at 3K is presented. The undoped compound, at zero field, is an antiferromagnetic charge ordered insulator. 55Mn NMR measurements show resonance of Mn4+ in antiferromagnetic insulating regions at frequencies from 250 to 300MHz. The spectrum of Ga doped compound, however, consists of a dominant 55Mn double-exchange (DE) line at 375MHz (hyperfine field 35.5T) and a weak Mn3+ signal between 400 to 550MHz. Overlapping resonance lines of 69,71Ga are observed at frequencies corresponding to a 5.3T supertransferred field from Mn neighbors at Ga(Mn) site. NMR magnetometry, i.e. measurement of the DE line intensity (black squares) shows that it exhibits a step-like behavior, which mimics the bulk magnetization curve (crosses), see figure. This reveals the microscopic nature of this behaviour as step-like increases of the amount of the ferromagnetic metallic (FMM) phase at the cost of the antiferromagnetic charge ordered phase.  The amount of the FMM phase is an order of magnitude larger in the remanent state than in the “virgin” state.   
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The text below is taken from the file g_rtn_midterm.doc which is available on the website’s meeting section in full. Please read at least what is given below, as it tells you what will be expected at the important Mid-Term Review meeting

Guidelines for the Agenda and Participation in the 
Mid-Term Review Meeting

The agenda and list of participants must be agreed with the Commission at least two months before the date of the meeting.  The meeting will require one full day.

AGENDA

(1)
Introduction: A short introduction (15-20 minutes) by the Commission representative, who will chair the meeting.

(2)
Co-ordinator’s Report: A presentation by the Co-ordinator, lasting typically one hour, of the network and of the mid-term review report.  The presentation should cover the following aspects and equal time should be given to the scientific topics and to the networking and training aspects:

Scientific

(30 mins)
i. the scientific, technological or socio-economic reasons for carrying out
research in the field covered by the network;

ii. the research objectives of the joint work;

iii. scientific highlights of the work so far;

Networking and training

(30 mins)

iv. the methodological approach and work plan;

v. how the network functions and how the partners collaborate;

vi. connections to industry;

vii. the training programme, distinguishing between pre- and postdocs;

viii. use of the budget;

ix. any proposed revision to the contract.

(3)
Tour de Table: Each scientist-in-charge should present in 5-10 minutes the role and contribution of his research team.  Each task leader should similarly present the role and contribution of his task to the overall project.  Sufficient time should be built into the agenda to allow for questions and discussion.  

(4)
Young Researchers’ Reports: Each young researcher should be given approximately 10-15 minutes to present themselves, their work and their experiences.  This presentation should go beyond the scientific project and should allow the discussion of social aspects of their participation in the network.  Again, sufficient time should be built into the agenda to allow for questions and discussion.

(5)
Open Discussion: The discussion will concentrate on identifying the strengths and weaknesses of the network, particularly in relation to the organisation of the joint research and to its training programme.  Possible revisions to the contract will also be identified and discussed, where necessary, as will recommendations for future best practice in the network.

PARTICIPANTS

The following persons are expected to participate in the meeting:  the network co-ordinator, each scientist-in-charge, the task leaders, all young researchers currently then being financed under the contract in each of the network teams, and the Commission representative.  Other persons should be present only if they have a role to play in the meeting.  In particular, a network administrator could be present for discussions on financial or personnel issues.  Young researchers who have been in the network but have completed their contracts at the time of the mid-term review may also be invited to share their experiences, at the co-ordinator’s discretion, and at the network’s expense.

If other participants are desired, for example interested parties from academia or industry then the Commission must be informed beforehand.  Given that the focus of the meeting is very different from a scientific meeting, it is not clear that participants external to the network add value and it is perhaps more appropriate to invite observers only to the network’s scientific meetings.

VERY IMPORTANT
In addition to its contractual purpose of ensuring that the network workplan and training is proceeding apace and that the contract deliverables will be achieved, the mid-term review meeting is an opportunity for the network to explore flexibility in the contract and to clarify many issues (financial, administrative, best working practice) with the Commission.  It is principally an opportunity for the partners and the young researchers and the representatives of the Commission to discuss questions or issues which may not be obvious from the official documentation or the contract.  As such, it is not a scientific evaluation of the network.  Rather it provides the network with the chance to take stock and evaluate their progress to date and subsequently change course if necessary.
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