BUD-11A (1-04)
U. S. DEPARTMENT OF ENERGY
Page 1
FIELD WORK PROPOSAL
	1.  WORK PACKAGE NO.:

	1a.  WORK PROPOSAL NO.:

	2.  REVISION NO.:

	3.  DATE PREPARED
04-15-04
	3a.  CONTRACTOR NO.:
58916

	4.  WORK PACKAGE TITLE:
Materials Science
	4a.  WORK PROPOSAL TITLE:
Emerging Materials

	5.  BUDGET & REPORTING CODE:
KC-02-02-02
	6.  WORK PROPOSAL TERM:

Begin:
End:



	7.
IS THIS WORK PACKAGE IN-

CLUDED IN THE INST. PLAN?

 FORMCHECKBOX 
  YES
 FORMCHECKBOX 
  NO
	7a.  PRINCIPAL INVESTIGATORS:
Gray, K. E.



	8.  HEADQUARTERS/OPERATIONS OFC PROGRAM MANAGER:
 Dehmer, P. M. 
301-903-3081
	11.  HEADQUARTERS ORGANIZATION:

BES/Materials Science
	14.  DOE ORG. CODE:

SC

	9.  OPERATIONS OFFICE WORK PROPOSAL REVIEWER:

	12.  OPERATIONS OFFICE:
Chicago
	15.  DOE ORG. CODE:

CH

	10.  CONTRACTOR WORK PROPOSAL MANAGER:
 Crabtree, G. W.  630-252-5509
	13.  CONTRACTOR NAME:

University of Chicago/ANL
	16.  CODE:

12

	

	17.  IS THIS PROPOSAL TO DO WORK THAT INCLUDES A SECURITY INTEREST?
	 
	YES
	X
	NO

	

	18.  WORK PROPOSAL DESCRIPTION (Approach, anticipated benefit in 200 words or less):
To check or uncheck boxes, highlight an appropriate box, copy it, and paste over existing box.
This program combines materials synthesis and crystal growth with detailed study of collective electronic and magnetic behavior of materials.  Our efforts concentrate on complex oxides, exemplified by the colossal magnetoresisitve manganites, and low-dimensional materials.  These systems exhibit strongly materials dependent spin, charge, and orbital physics and are at the forefront of condensed matter inquiry.  Synergy between synthesis and measurement derives from the insights and feedback facilitated by partnering these activities in the program.  Numerous collaborations both within and external to Argonne augment our studies and reflect a strong demand for our crystals worldwide.  The Emerging Materials program continually redefines itself by seeking out new materials and embracing new measurement techniques.  High-pressure synthesis and study of both surface and bulk electronic states through scanning probe and APS x-ray studies herald new future directions for the program.  

A significant change this year is the incorporation of Naturally Layered Manganites Program. By combining these two efforts, we elevate the thematic influence of reduced dimensionality in magnetic oxides to a broader range of systems embraced by the Emerging Materials program.  Additionally, the commitment to materials synthesis reflected by this combined program lays the groundwork for the future BES Materials Synthesis Network.



	19.  CONTRACTOR WORK PROPOSAL MANAGER:


	20.  OPERATIONS OFFICE REVIEW OFFICIAL:


	IF YOU NEED TWO LINES FOR SIGNATURE ADD BORDERS TO TOP OF THIS AND DATE CELL
	
	04-15-04
	
	
	04-15-04

	SIGNATURE
	
	DATE
	SIGNATURE
	
	DATE

	21.  DETAIL ATTACHMENTS: (See instructions.)  Task Proposals Attached.

 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

j.
Explanation of milestones
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

k.
Human or Animal Subjects Activities

 FORMCHECKBOX 

c.
Purpose
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

i.
Environmental assessment
 FORMCHECKBOX 

l.
Other


BUD-11B (1-04)
WORK PROPOSAL REQUIREMENTS FOR OPERATING/EQUIPMENT
Page 2
OBLIGATIONS AND COSTS
	CONTRACTOR NAME
University of Chicago/ANL
	WORK PROPOSAL NO.

	REVISION NO.

	CONTRACTOR NO.
«FWP_CONTR_NUM»
	DATE PREPARED
04-15-04

	22.
STAFFING (in staff years)
	
PRIOR
	
	
FY «Y1»
	
FY «Y2»
	
	
	 TOTAL TO

	
	
YEARS
	
FY «Y0»
	ESTIMATE
	
REVISED
	
 REQUEST
	 AUTHORIZED
	 
FY «Y3»
	FY «Y4»
	 COMPLETE

	a.
SCIENTIFIC


b.
OTHER DIRECT


c.
TECHNICAL SERVICES*


d.
TOTAL DIRECT

	
	«SCI_RY0»
«OTH_RY0»
«TSL_RY0»
«DIR_RY0»
	«SCI_EY1»
«OTH_EY1»
«TSL_EY1»
«DIR_EY1»

	«SCI_RY1»
«OTH_RY1»
«TSL_RY1»
«DIR_RY1»

	«SCI_QY2»
«OTH_QY2»
«TSL_QY2»
«DIR_QY2»

	
	«SCI_EY3»
«OTH_EY3»
«TSL_EY3»
«DIR_EY3»

	«SCI_EY4»
«OTH_EY4»
«TSL_EY4»
«DIR_EY4»

	

	23.
OBLIGATIONS AND COSTS


(in thousands)

a.
TOTAL OBLIGATIONS


b.
TOTAL COSTS

	
	«OBA_RY0»
«OBO_RY0»

	«OBA_EY1»
«OBO_EY1»

	«OBA_RY1»
«OBO_RY1»

	«OBA_QY2»
«OBO_QY2»

	
	«OBA_EY3»
«OBO_EY3»

	«OBA_EY4»
«OBO_EY4»

	

	24.
EQUIPMENT (in thousands)

a.
EQUIPMENT OBLIGATIONS


b.
EQUIPMENT COSTS

	
	«EBA_RY0»
«EBO_RY0»

	«EBA_EY1»
«EBO_EY1»

	«EBA_RY1»
«EBO_RY1»
	«EBA_QY2»
«EBO_QY2»

	
	«EBA_EY3»
«EBO_EY3»

	«EBA_EY4»
«EBO_EY4»

	

	25.  MILESTONE SCHEDULE (Tasks)
	
FY «Y2» DOLLARS
	
PROPOSED
	
AUTHORIZED

	
	
PROPOSED
	
AUTHORIZED
	
SCHEDULE
	
SCHEDULE

	
	
	
	
	

	26.  REPORTING REQUIREMENTS




*Technical services staffing includes ANL support divisions' scientific effort.
	BUD-10 (1-04)
	
	

	CONTRACTOR NAME

University of Chicago/ANL
	CONTRACTOR CODE


12
	CONTRACTOR NUMBER


58916

	WORK PACKAGE NUMBER



	WORK PROPOSAL NUMBER



	DATE PREPARED

04-15-04
	REVISION NUMBER




	21.  DETAIL ATTACHMENTS: (See instructions.)  Task Proposals Attached.
 FORMCHECKBOX 

a.
Facility requirements
 FORMCHECKBOX 

d.
Background
 FORMCHECKBOX 

g.
Future accomplishments
 FORMCHECKBOX 

j.
Explanation of milestones
 FORMCHECKBOX 

b.
Publications
 FORMCHECKBOX 

e.
Approach
 FORMCHECKBOX 

h.
Relationships to other projects
 FORMCHECKBOX 

k.
Human or Animal Subjects Activities

 FORMCHECKBOX 

c.
Purpose
 FORMCHECKBOX 

f.
Technical progress
 FORMCHECKBOX 

i.
Environmental assessment
 FORMCHECKBOX 

l.
Other


	b.  Publications
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Structural and Magnetic Ordering in Pr0.65(CaySr1-y)0.35MnO3:  Quantum Critical Point versus Phase Segregation Scenarios

G. R. Blake (Rutherford Appleton Lab., UK and ANL-MSD), L. Chapon (Hahn-Meitner-Institut, Germany), P. G. Radaelli (Rutherford Appleton Lab., UK and Univ. College London, UK), D. N. Argyriou (Hahn-Meitner-Institut, Germany), M. J. Gutmann (Rutherford Appleton Lab., UK), J. F. Mitchell

Phys. Rev. B 66, 144412 (2002)
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R. Mahendiran (Pennsylvania State Univ.), A. Maignan (Laboratoire CRISMAT, France), S. Hébert (Laboratoire CRISMAT, France), C. Martin (Laboratoire CRISMAT, France), M. Hervieu (Laboratoire CRISMAT, France), B. Raveau (Laboratoire CRISMAT, France), J. F. Mitchell, P. Schiffer (Pennsylvania State Univ.)

Phys. Rev. Lett. 89, 286602 (2002)
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F. Bouquet (Lawrence Berkeley Nat. Lab., California), R. A. Fisher (Lawrence Berkeley Nat. Lab., California), N. E. Phillips (Lawrence Berkeley Nat. Lab., California), D. G. Hinks, J. D. Jorgensen

J. Supercon.:  Incorp. Novel Magn. 15(5), 469 (2002)

Break-Junction Tunneling of MgB3
H. Schmidt (ANL-MSD and IIT, Chicago), J. F. Zasadzinski (ANL-MSD and IIT, Chicago), K. E. Gray, D. G. Hinks

Physica C 385(1-2), 221-232 (2003)

Electronically-Driven First-Order Metal-Insulator Transition in Layered Manganite La1.04Sr1.96Mn2O7 Single Crystals

Q. Li, K. E. Gray, A. Berger, J. F. Mitchell

Phys. Rev. B 67, 184426 (2003)

Pulsed Laser Deposition of c-Axis Untilted YBCO Films on c-Axis Tilted ISD MgO-Buffered Metallic Substrates

M. Li (ANL-ET), B. Ma (ANL-ET), R. E. Koritala (ANL-ET), B. L. Fisher (ANL-ET), K. Venkataraman (ANL-CT), V. A. Maroni (ANL-CT), V. Vlasko-Vlasov, P. Berghuis, U. Welp, K. E. Gray, U. Balachandran (ANL-ET)

Physica C 387, (3-4), 373-381 (2003)

Polaronic Orbital Polarization in a Layered Colossal Magnetoresistive Manganite

B. J. Campbell, S. K. Sinha (Univ. California-San Diego and Los Alamos Nat. Lab., New Mexico), R. Osborn, S. Rosenkranz, J. F. Mitchell, D. N. Argyriou, L. Vasiliu-Doloc ANL-APS), O. H. Seeck (ANL-APS), J. W. Lynn (NIST, Maryland)

Phys. Rev. B 67, 020409(R) (2003)

Optical Study of a Competition Between Ordering and Metallicity in La2-2xSr1+2xMn2O7
J. Kunze (Universität Hamburg, Germany), S. Naler (Universität Hamburg, Germany), J. Bäckström (Universität Hamburg, Germany), M. Rübhausen (Universität Hamburg, Germany), J. F. Mitchell

Phys. Rev. B 67, 134417 (2003)

Low Energy Spin Wave Excitations in Bilayered Magnetic Manganite La2-2xSr1+2xMn2O7 (0.03 ≤ x ≤ 0.50)

H. Martinho (UNICAMP, Brazil), C. Rettori (UNICAMP, Brazil), D. L. Huber (Univ. Wisconsin, Madison), J. F. Mitchell, S. B. Oseroff (San Diego State Univ., California)

Phys. Rev. B 67, 214428 (2003)

Structural and Magnetic Chemistry of NdBaCo3O5+
J. C. Burley, J. F. Mitchell, S. Short, D. Miller, Y. Tang

J. Sol. State Chem. 170, 339-350 (2003)

Local Distortion of MnO6 Clusters in the Metallic Phase of La1-xSrxMnO3
T. Shibata (Univ. Notre Dame, Indiana), B. A. Bunker (Univ. Notre Dame, Indiana), J. F. Mitchell

Phys. Rev. B 68, 024103 (2003)

H-T Phase Diagram of URu2Si2 in High Magnetic Fields

A. Suslov (Univ. Wisconsin-Milwaukee), J. B. Ketterson (Northwestern Univ., Illinois), D. G. Hinks, D. F. Agterberg (Univ. Wisconsin-Milwaukee), G. K. Sarma (Univ. Wisconsin-Milwaukee)

Phys. Rev. B 68, 020406(R) (2003)

Tunneling Studies of Multilayered Superconducting Cuprate (Cu,C)Ba2Ca3Cu4O12+
M. Miyakawa (Tokyo Univ. of Sci., Japan), K. Tokiwa (Tokyo Univ. of Sci., Japan), S. Mikusu (Tokyo Univ. of Sci., Japan), J. F. Zasadzinski (ANL-MSD and Illinois Inst. of Technology, Chicago), L. Ozyuzer (Izmir Inst. of Technology, Turkey), T. Ishihara (Tokyo Univ. of Sci., Japan), T. Kaneko (Tokyo Univ. of Sci., Japan), T. Watanabe (Tokyo Univ. of Sci., Japan), K. E. Gray

Int. J. Mod. Phys. B 17 (18-20), pt. 2 3612-3616 (2002)

Retention of Two-Band Superconductivity in Highly Carbon-Doped MgB2
H. Schmidt, K. E. Gray, D. G. Hinks, J. F. Zasadzinski (ANL-MSD and Illinois Inst. of Tech., Chicago), M. Avdeev, J. D. Jorgensen, J. C. Burley

Phys. Rev. B 68, 060508(R) (2003)

Conference Proceedings
Aspects of the Tunneling Dip Feature in Bi2Sr2CaCu2O8+ and It's Relation to the Resonance Spin Excitation 

J. F. Zasadzinski (IIT and ANL-MSD), L. Ozyuzer (ANL-MSD and Izmir Inst. of Technology, Turkey), N. Miyakawa (Science Univ. of Tokyo, Japan), K. E. Gray, D. G. Hinks, C. Kendziora (Naval Research Lab.)

Proc. of SNS 2001 Conf., J. Phys. Chem. Sol., Vol. 63 (2002)  pp. 2247-2251

Superconducting Coherent Quasiparticle Weight in High-Tc Superconductor from Angle-Resolved Photoemission

H. Ding (Boston College, Massachusetts), J. R. Engelbrecht (Boston College, Massachusetts), Z. Wang (Boston College, Massachusetts), S.-C. Wang (Boston College, Massachusetts), H.-B. Yang (Boston College, Massachusetts), J. C. Campuzano (Univ. Illinois-Chicago and ANL-MSD), T. Takahashi (Tohoku Univ., Japan), K. Kadowaki (Univ. Tsukuba, Japan), D. G. Hinks

Proc. of SNS 2001 Conf. Proc., J. Phys. Chem. Sol., Vol. 63 (12) (2002), pp. 2135-2239

Heavily Doped Bilayer Manganites:  Links Among Structure, Charge, and Spin (Invited)

J. F. Mitchell, C. D. Ling, J. E. Millburn, D. N. Argyriou, A. Berger, M. Medarde, D. Miller, Z. P. Luo

Proceedings of the Int. Conf. on Neutron Scattering (ICNS 2001), Munich, Germany, Appl. Phys. A 74 [Suppl.] (2002) S1776-S1778

Inhomogeneity in the Spin Channel of Ferromagnetic CMR Manganites (Invited)

R. H. Heffner (Los Alamos Nat. Lab.), J. E. Sonier (Simon Fraser Univ.), D. E. McLaughlin (Univ. California, Riverside), G. J. Nieuwenhuys (Leiden Univ.), F. Mezei (Los Alamos Nat. Lab. and Han Meitner Inst., Germany), G. Ehlers (Inst. Laue Langevin, France), J. F. Mitchell

9th Int. Muon Spin Rotation Conference, College of William and Mary, Williamsburg, VA, Jun. 3-7, 2002, Physica B Vol. 326 (2003) pp. 494-499

Changes of the Spin Dynamics in Perovskite and Bilayer Manganite

A. I. Coldea (Univ. of Oxford, UK), S. J. Blundell (Univ. of Oxford, UK), C. A. Steer (Univ. of Oxford, UK), F. L. Pratt (Rutherford Appleton Lab, UK), D. Prabhakaran (Univ. of Oxford, UK), J. F. Mitchell

Proc. 9th Int. Muon Spin Rotation Conference, College of William and Mary, Williamsburg, VA, Jun. 3-7, 2002, Physica B Vol. 326 (2003) pp 500-504

Crystal and Magnetic Structure of NdBaCo2O5+:  Spin States in a Perovskite-Derived Mixed-Valent Cobaltite

J. F. Mitchell, J. Burley, S. Short

Proc. 47th Annual Conf. on Magnetism and Magnetic Materials, Tampa, FL, Nov. 11-15, 2002, J. Appl. Phys., Vol. 93, No. 10 (2003) pg. 7364-7366

Probing the Phase Diagram of Bi2Sr2CaCu2O8+ with Tunneling Spectroscopy

L. Ozyuzer (Izmir Inst. of Tech., Turkey), J. F. Zasadzinski (Illinois Inst. of Tech.), K. E. Gray, D. G. Hinks, N. Miyakawa (Tokyo Univ., Japan)

Proc. IEEE Trans. on Applied Superconductivity, Vol. 13, No. 2 (2003), pg 893-896

Magnetic Antidot Arrays with a Storage Density of 10 Gbits/cm62
Z. L. Xiao, C. Y. Han, U. Welp, H. H. Wang, V. K. Vlasko-Valsov, W. K. Kwok, D. J. Miller, J. M. Hiller, R. E. Cook, G. A. Willing, G. W. Crabtree

Proc. 2003 Nanotechnology Conf. and Trade Show, San Francisco, CA, Feb. 23-27, 2003, Vol. 3 (2003), pp. 357-360

Books/Book Chapters

Scanning Tunneling Spectroscopy in MgB2
G. Karapetrov, M. Iavarone (INFM-Univ. Naples, Italy), W. K. Kwok, G. W. Crabtree, D. G. Hinks

Chapter 11 in Book Series:  Superconducting Magnesium Diboride,  2002,  38, pp. 221-228, Series Title:  Studies of High Temperature Superconductors: Advances in Research and Applications

c.  Purpose
Emerging Materials (58916) now incorporates Naturally Layered Manganites (58802).  The wedding of these two projects reflects the common purpose that each individually espouses: the synthesis and fundamental science of complex materials exhibiting collective electronic behavior.  Our primary research activity is materials synthesis.  However we firmly believe that the driver for this activity is the quest for a deep understanding of condensed matter phenomena.  Thus, our research approach embraces the integration of property measurement as a fundamental partner with materials synthesis.  Our successes in the Naturally Layered Manganites program have exposed the richness of charge, orbital and spin physics but this program also serves as a prototype for new and related low-dimensional materials systems.  Some of the significant scientific issues we have identified and explored are short-range order, the nature and order of phase transitions, competing interactions (frustration) and quantum criticality. Our successes in these areas lead us to embrace a broader range of materials, phenomena and synthesis methods. 

We specifically favor systems exhibiting reduced dimensionality, where our experience has shown that much can be revealed that lies hidden in three-dimensional materials.  One promising new growth direction is high-pressure synthesis, which will expand our portfolio to encompass new materials needs, including both strategic and exploratory synthesis of exotic low-dimensional oxides, intermetallics, layered nitrides, etc., which by their very nature are "emerging materials."  Surfaces and interfaces represent a type of 'reduced dimensionality' that complements the crystallographically low-dimensional bulk materials.  The study of both surface and bulk electronic states through complementary scanning probe and synchrotron x-ray studies at the APS heralds a new direction in properties measurement that will grow with the enhanced materials synthesis portfolio. The combination of these research areas then is our response to maintain a competitive stance in the face of ever-changing scientific opportunities.  It will position us in a leadership role to help lay the groundwork for the BES Materials Network initiative as well as the study and synthesis of novel bulk materials and interfaces that will fuel the science of large-scale DOE facilities, such as the Spallation Neutron Source (SNS).  

e.  Approach

K.E. Gray (90%), J.F. Mitchell (100%), H. Zheng (100%) 

Our primary research activity is materials synthesis.  However we firmly believe that the driver for this activity is the quest for a deep understanding of condensed matter phenomena.  Thus, our research approach embraces the integration of property measurement as a fundamental partner with materials synthesis.   To achieve this integration, we practice the following operational philosophies:

Exploratory and Strategic Synthesis.   Synthesis proceeds along two parallel tracks: exploratory synthesis and strategic synthesis.  Exploratory synthesis is initiated by chemists whose motivation is to identify and produce materials that will enable new research directions and/or significantly advance our understanding of important physical phenomena.  Through exploratory synthesis, our program provides leadership and direction for projects of wide interest throughout our Materials Science Division.   Strategic synthesis is a targeted approach for providing the highest quality specimens of known materials needed to extract maximum (and correct) understanding, many of which began in our own exploratory program.  Through strategic synthesis, we respond to compelling opportunities identified by our colleagues within MSD and our outside collaborators.  

Condensed Matter Phenomena.  It is the occurrence of novel and/or exotic properties and effects that stimulates our choices of materials for synthesis and property measurement.  The goal of our approach is to understand such condensed matter phenomena, which are consistent with the DOE mission, as fully as possible in selected materials.  Presently, we concentrate on the complex oxides: these exhibit many of the most extreme properties in condensed matter, including the highest superconducting transition temperature, the largest magnetoresistance and the greatest ferroelectric effects, yet the mechanisms for these are not fully understood.  Our own research discoveries as well as those from the worldwide community form the basis for incorporating new phenomena/materials to our program and phasing out others.

Recent products of the integration of these philosophies have been the study of two-band superconductivity in MgB2 by point-contact tunneling and the exploration of magneto-transport in layered manganites that exhibit CMR.  In both cases, the availability of high-quality samples in the group has enabled rapid and comprehensive exploration of the physics.  Importantly, the relationship is reciprocal.  Accessibility to immediate in-house feedback to the materials grower propels forward the synthesis program.  Two examples from the layered manganite program serve to illustrate this important aspect of the synergy.  The homogeneity of doped manganite crystals was quickly tested by detailed transport measurements.  Such data provide a rigorous feedback on crystal quality at a level not accessible by x-ray diffraction, magnetization, or even routine transport studies.  This feedback leads to improved crystal quality that immediately benefits all other physical measurements, such as synchrotron x-ray scattering.  Detailed properties measurements also suggest new directions for the synthesis effort.  In manganites, such studies have provided new insights on the role of magnetic order and charge order for electronic transport.  The synthesis effort has responded by pushing the frontier of crystal growth toward the border between magnetic order and disorder in the layered manganites and is now adding related layered cobalt oxides to provide new test-beds for understanding such complex condensed matter phenomena.  These are but a few examples that illustrate the value added by the synergy of materials synthesis and property measurement activities integrated within the same project.  

The integration of property measurement with materials synthesis will continue to be a characteristic synergy of this combined FWP.  As we move forward, our ability to strongly couple direct probes of the electronic states of materials – by tunneling, for example – with new materials growth will be a guiding paradigm for the Emerging Materials effort.  However, in order to remain competitive, exotic materials and synthesis strategies are also required.  This year we will begin broadening our horizons of materials systems to embrace chalcogenides, nitrides and more exotic oxides.  To access these compounds, we are adding new postdoctoral staff, introducing high-pressure synthesis and further developing electrochemical synthesis.  

Our program places a special emphasis on materials exhibiting a reduced dimensionality.  In the layered manganites, this has promoted opportunities for insightful studies of conductivity phenomenon (CMR effect) that would not be possible in the cubic perovskite manganites.  In addition, we have studied the intrinsic spin valves that occur between the bilayers.  Thus reduced dimensionality can reveal new phenomena as well as enable new perspectives on known effects. We anticipate that other layered oxides, such as RBaCo2O5+ (R = rare earth) will gain prominence in our effort, as will attempts to synthesize and study reduced-dimensionality nitrides and chalocogenides.  

Furthermore, while superconductivity is a far smaller part of our program than a few years ago, it continues to be an excellent arena to study effects of dimensionality on exotic electronic states, e.g., MgB2 and the hydrated Na cobaltates.  We find increasing evidence that layered materials are a fertile arena for finding new superconductors.  There are two main thrusts in our research effort.  The first is the investigation of the intercalation chemistry of the known layered materials looking for interesting superconducting or magnetic phenomenon.  Chemistry or electrochemistry is used to tune the oxidization state of these (usually metastable) materials.  The second thrust is the use of high pressure to form new layered materials.  The stoichiometry of these materials will be subsequently varied to look for superconducting or magnetic behavior.  

In addition to our bulk studies, surfaces, interfaces and nanoscale confinement are scientifically interesting and play an important role in the DOE mission.  Although conceptually related to reduced dimensionality, these heterogeneous interfaces exhibit marked differences.  For example, they are expected to drastically alter the competition among charge, orbital and spin order in the neighborhood of the interface.  We have begun studying surfaces and interfaces by electron tunneling and soft x-ray scattering and adsorption, the latter in collaboration with John Freeland at the Advanced Photon Source (APS).  The experimental quantification and theoretical understanding of these heterogeneous interfaces represent a significant scientific challenge for the future of the Emerging Materials project.

Recognizing that we cannot bring all measurement techniques to bear authoritatively, we embrace a network of collaborations both within MSD and beyond.  These include the traditional strong connections we have to the Neutron and X-ray Scattering group at Argonne (58701), the Magnetic Films group (58918) and an ever-growing connection with Argonne’s theory programs.  In our team approach, the combination of crystal syntheses and electron transport and tunneling, together with close collaborations on neutron and x-ray scattering, electron microscopy, magnetometry, photoemission and theory enables insightful feedback to guide further work in a timely manner.  We have reached out with samples to over 50 external collaborators during the past three years.  It is clear that the effective study of materials physics requires such cross-disciplinary teamwork to achieve a more complete understanding of a given problem, rather than just one piece of the puzzle.  The newly combined FWP will allow us to exploit more fully this cross-disciplinary approach in a phase space of novel materials.

f.   Technical Progress
Presently, we concentrate on the physics of complex oxides: these exhibit many of the most extreme properties in condensed matter, including the highest superconducting transition temperature, the largest magnetoresistance and the greatest ferroelectric polarization, yet the mechanisms for these are not fully understood.  It is generally acknowledged that these extreme properties are the result of an intense competition among charge, spin, and orbital degrees of freedom.  Recently we have specifically focused on understanding the phenomenology of phase segregation on various length scales in three-dimensional perovskite manganites and why it is less common in reduced dimensionality materials.  An important issue is whether phase segregation is inherently connected to disorder of the underlying lattice, or if it can occur spontaneously in the electronic system of a uniform lattice.   We have also launched new programs in related oxide materials, such as cobalt oxides, to assess how charge, spin, and orbital states evolve with the transition metal ion.  
While much of our work is on bulk materials, we have recently begun studying surfaces and other interfaces that are expected to drastically alter the above competition. These low-dimensional structures are studied by electron tunneling and soft x-ray scattering and adsorption, the latter in collaboration with John Freeland (APS).  

Structure and Spin States in La1-xCaxCoO3.  We have synthesized the Ca-doped LaCoO3 system in the range 0<x<0.2 to study spin states of Co3+ in a system where the cation disorder should be minimized (r[La3+] ~ r[Ca2+]).  Unlike previous reports, we find a first-order structural phase transition from trigonal to orthorhombic symmetry at x~0.1.  No evidence of static Jahn-Teller distortion associated with the S=1 state of Co3+ is found.  Modeling of the lattice thermal expansion suggests that the S=0 state is stable to x~0.1, ten times farther into the phase diagram than Sr-doped LaCoO3.  Magnetometry is consistent with a spin-glass to ferromagnet transition near x~0.15.  

Phase Diagram of NdBaCo2O5+ (0.5<<0.9).  Precise control of oxygen stoichiometry and neutron diffraction allows us to map out the progression of magnetic phases and identify spin-states and orbital order in this layered double-perovskite.  G-type antiferromagnetism is the dominant magnetic phase for <0.8, with a FM ground state developing at higher .  Near =0.5, however, a second antiferromagnet with an unknown magnetic structure competes with the G-type structure.  Magnetic studies indicate that Co3+ adopts two spin states, S=0 and S=1, in this region ~0.5.  With increasing , susceptibility is consistent with Co4+ and Co3+ both adopt an intermediate spin (IS) configuration.  The evolution of the lattice structure with  may indicate that IS Co3+ is orbitally ordered.

Crystal Growth of La1-xSrxCoO3.  We have succeeded in growing high-quality single crystals of this doped perovskite to x=0.2, twice as far as any reported value in the literature.  By extending this solubility range in the crystals, we have access to compositions crossing the I-M transition at x~0.18.  These crystals are being studied both within MSD and through a collaborator network.  

Growth of Bilayer Manganite Crystals for Surface Spin-Polarization.  We have concentrated our crystal growing efforts of La2-2xSr1+2xMn2O7 in the region 0.3<x<0.4 with the goal of producing extremely high quality surfaces.  These surfaces are being used for circular magnetic dichroism study of surface spin polarization, soft x-ray inelastic scattering, ARPES, and as substrates for a variety of compatible oxide film heterostructures.  

Ultra-Sharp Steps in Phase Separated Manganites—Heat Capacity.  We measured the field-dependent heat capacity C and magnetization M of a Pr0.65(Ca0.75Sr0.25)0.35MnO3 single crystal, which exhibits a mixed ferromagnetic/antiferromagnetic phase mixture upon cooling in H=0.  A step-like metamagnetic transition is observed at low T (< 10 K) at a critical field of 1.65 T, as is a corresponding discontinuity in C(H).  This abrupt, field-induced state in M and C persists up to ~100 K although the field where the transition occurs and the sharpness of the transition change as T increases.  We also measured C(T) at low temperatures both below and above the critical field to investigate the characteristics of the transition and two different magnetic phases.  

Ultra-Sharp Steps in Phase Segregated Manganites—Time Dependence.  Strain has been implicated as a parameter influencing metamagnetic steps in perovskite manganites.  To explore the impact of epitaxy, we grew films of Pr0.65(CaySr1-y)0.35MnO3 (y=0.7, 0.75, 0.8) on various substrates by pulsed-laser deposition.  Although we found no clear relationship between substrate and the phenomenology of the steps, we did find that the metamagnetic transition could be delayed by minutes to hours in these films, where they are instantaneous in the bulk.  We speculate that the self-organization of strain fields leading to the catastrophic transition of antiferromagnetic regions to ferromagnetic regions under magnetic field is impacted by either subtle compositional or morphological inhomogeneities formed during the film deposition.  

Spin-Wave Gap in La1-xSrxCoO3.  In collaboration with D. Louca (Virginia State Univ.) and Chris Leighton (Univ. Minnesota), we are investigating the influence of spin, orbital, and lattice correlations on the ferromagnetic and concomitant metal-insulator transition in the perovskite cobaltites La1-xSrxCoO3.  Inelastic neutron scattering revealed a relatively large gap in the spin-wave excitation spectrum of the ferromagnetically ordered x=0.2 crystal, providing evidence for an unexpectedly strong anisotropy in this cubic system.  First diffuse synchrotron X-ray diffraction investigations of this compound furthermore provide evidence for the existence of local lattice distortions, and their suppression at the onset of ferromagnetic order.  

New Layered Superconductor Material Systems.  The discovery of superconductivity in Na0.33CoO2.1.33H2O with Tc=4.5 K in this hydrated, normally magnetic, fast-ion conductor was unexpected.   It is yet another examples of a layered material that is an excellent host for superconductivity.  Our structural analysis (in collaboration with J.D. Jorgensen, Neutron and X-Ray Scattering group, 58701) showed that the superconducting material has two water layers, totally hydrogen bonded into the structure, separating the CoO2 hexagonal layers.  The anhydrous base material, Na0.33CoO2, and the monohydrate, with only one H2O layer separating the CoO2 planes, are not superconducting.   Further support for the idea that layered materials are a fertile arena for finding superconductivity is ZrNCl, a layered nitride that is easily intercalated with Li to become superconducting.  

Effects of Surfaces on Delocalization and Magnetism.  The sensitivity of oxides to strain can be amplified at surfaces, such that, e.g., localization (charge ordering) can be enhanced.  One open issue relates to reports of a magnetically dead layer on the surfaces of manganites.  We found that for bilayer manganites the outermost Mn-O bilayer, alone, is affected: this intrinsic nanoskin is an insulator with no long-range ferromagnetic order while the next bilayer displays nearly the full bulk spin polarization up to TC.  This demonstrates that the bilayer manganite provides a natural self-assembly of the most demanding components of an ideal magnetic tunnel junction.  To establish this result, we applied two variants of two complementary techniques for the studies of surfaces—tunneling by Au point contacts and by scanning tunneling spectroscopy and soft x-ray magnetic dichroism by absorption and by x-ray resonant magnetic scattering.  The latter utilize the Advanced Photon Source (APS).  The simultaneous absence of magnetic order and metallic conductivity in the top bilayer is entirely consistent with the double-exchange mechanism used to explain conductivity below Tc in the manganites.  The abrupt changes in only the topmost bilayer is likely due to the weak electronic and magnetic coupling between bilayers engendered by the crystal structure and which is not found in non-layered magnetic oxides.  This research is collaborative with John Freeland, APS.  

Weak Localization.  We have previously used low-temperature magnetoresistance data to show that the FM layered manganites are metals that exhibit weak localization.  The low-voltage behavior of the point-contact (PCT) and scanning (STM) tunneling spectroscopy reported in the previous bullet addresses this issue.  Below 0.2 volts, the currents are smaller than calculation.  This could be due to the anticipated depression of the density of states at the Fermi level due to weak localization, which is know to occur in the bilayer manganites.  However, it could possibly result from some other form of pseudogap as suggested in Y.D. Chuang, A.D. Gromko, D.S. Dessau, T. Kimura and Y. Tokura, Science 292, 1509 (2001).  Further studies will attempt to clarify this point.  

Determining Complex  Antiferromagnetic  Structure from Conductivity Data.  The  layered  manganites, La2-2xSr1+2xMn3O7, in the composition range of 0.54<x<0.58 exhibit A-type antiferromagnetism and, based on this, were thought to be insulators.  We find they (1) are metallic, (2) show an unexpected in-plane canting that increases with decreasing temperature and (3) possess an anomalously small intrabilayer double exchange.  The latter finding implies a high degree of ordering into in-plane orbitals.  While we believe this is the first determination of a complex magnetic structure using conductivity, it has its limitations.  It relies on conductivity due to the double exchange mechanism and benefits greatly from the layered structure.  Beyond that, however, the analysis has strengthened our understanding of conductivity data for other compositions and developed a powerful means of incorporating spin-wave fluctuations into the c-axis conductivity.  

Metal-Insulator Transition (MIT) in Zero-Field and Above TC in a Field.  Our conclusion of a first-order MIT in a magnetic field for La1.04Sr31.96Mn3O7 was based on our data and modeling.  Our premise is that the qualitatively different electronic degrees of freedom, localized versus delocalized, dictate the first order nature of the metal-insulator transition.  We have investigated the generality of this premise by considering other zero-field transitions versus temperature and field-induced transitions above TC.  The results of our modeling imply that the colossal magnetoresistance effect (CMR) can occur without a MIT.  To further investigate the thermal activation model, we have applied it to the zero-field transition reported in the literature for the layered manganite with x=0.50 that exhibits A-type antiferromagnetic (AF) ordering at ~170 K and is known to be an insulator at all temperatures.  The highly non-monotonic temperature dependence of conductivity is convincingly reproduced by using the single equation from our model and a reasonable ansatz for the sublattice magnetization of the FM sheets of the A-type AF structure.  

Although many of the activities involving synthesis and properties of high-temperature superconductors, including magnesium diboride, have been curtailed, studies of the high-velocity dynamics of Josephson vortices continue and are described below.  

Flux Dynamics and Coupling to Electromagnetic Radiation in BSCCO Mesas.  There exists an unparalleled opportunity to study the high-velocity dynamics of Josephson vortices by inserting them between the Cu-O superconducting bilayers of a high-Tc superconductor, like Bi2Sr2CaCu2O8 (BSCCO), and driving them with a c-axis current.  Crystals of BSCCO have been grown in a floating zone arc-image furnace and mesas defined by lithography.  Our data shows that heating is too great to observe the high-velocity dynamics or THz emission peak expected when the vortex velocity matches the speed of light in BSCCO.  To mitigate this problem we will intercalate HgBr2 between the Cu-O bilayers: this increases the interbilayer tunneling distance and c-axis resistance while reducing heating by a factor of ~100. 

Dissemination of Crystals.  Crystals are distributed to scientists within MSD (collaboration with FWP 58802, 58701, 58918), to other divisions at Argonne (APS, IPNS) and to external collaborators. Samples sent for collaborative research include: Peter Schiffer (Penn. State Univ.), Paolo Radaelli (ISIS/Rutherford Lab), Chris Leighton (Univ. Minnesota), Dimitri Argyriou (Hahn-Meitner Inst.), Bruce Bunker (Notre Dame), Dan Dessau (Univ. Colorado), Michael Ruebhausen (Univ. Hamburg), Lance Cooper (UIUC), Wendy Flavell (Manchester Univ.), Bud Bridges (UC Santa Cruz), Gary Mankey (Georgia Tech.), Ali Yazdani (UIUC), Jeff Lynn (NIST), Branton Campbell (Brigham Young Univ.), Chris Ling (ILL, Grenoble), Simon Billinge (Michigan State Univ.), Peter Stephens (Brookhaven). 

g.   Future Accomplishments
Thermodynamics of Phase Segregated Manganites.  To investigate the nature of the transition between ferromagnetic metallic and charge-ordered insulating states we did heat capacity measurement for y = 0.75 single crystal sample. Especially y = 0.75 compound has several transitions through a wide temperature range and mixed phases at low temperatures.  We will try to extract the evolution of the magnetic exchange coupling, electronic linear term, the Debye temperature, local magnetic field at the Mn and Pr site and the spin wave contribution by fitting the heat capacity at low temperatures as a function of temperature or external magnetic field. For further analysis, we also would like to measure other samples such as y = 0.6 and y = 0.8, where y = 0.6 is a ferromagnetic metal and y = 0.8 is a charge-ordered insulator.  

Bilayer Manganites: Short-Range Charge and Orbital Effects.  We will investigate the doping dependence of charge and orbital ordering in bilayer manganites using diffuse neutron and synchrotron X-ray scattering.  We will also use neutron scattering to investigate the possible existence of a ferromagnetic component, as suggested from resistivity measurements, within the A-type antiferromagnetic bilayer manganites.

Charge, Orbital, and Spin Order in La1-xSrxCoO3.  Single crystal diffuse neutron and synchrotron scattering will be used to probe specific signatures of Jahn-Teller orbital disorder, and its influence on magnetic and transport properties.  We will investigate in detail the influence of spin, orbital and charge correlations on the underlying bulk properties in La1-xSrxCoO3, a system closely related to the manganese oxides.  Neutron scattering will be used to probe the spin excitations, spin correlations, and lattice excitations, both as a function of temperature and doping.  

Growth of La1-xSrxCoO3 Crystals.  We will push crystal growth farther into the Sr-doped phase diagram.  The current picture of this system from polycrystalline samples is that an inhomogeneous ferromagnet exists out to x~0.4.  It is important to grow high quality crystals to establish that this inhomogeneous behavior is intrinsic and not an artifact of synthesis.  We expect that the full range of crystals we grow will allow a complete picture of the crossover from glassy ferromagnet to ferromagnetic metal and will allow for study of residual short-range distortions arising from Jahn-Teller distorted S=1 Co3+ ions.  

Crossover from Short- to Long-Range Charge-Order in RBaCo2O5.0.  We will grow a series of RBaCo2O5.0 crystals, which have a 50:50 mixture of Co2+ and Co3+.  Theoretical studies on related layered cobaltites and manganites predict a crossover from short-range to long-range charge order as a function of dimensionality and disorder.  By strategically choosing R, we will explore this prediction using diffuse x-ray and neutron scattering (collaboration with I. Zaliznyak, BNL).  

Phase Cross-Over in Spinel Sulfides.  CuRh2S4 is a 4 K superconductor while CuRhCrS4 is a 400 K ferromagnet.  As part of an ongoing interest in phase competition (and potentially quantum critical phenomena), we will study the pseudobinary joining these two end-members.  We will specifically search out the crossover composition and explore the field-induced superconductor to ferromagnet transition.  Full structure-property phase diagrams will be explored using x-ray and/or neutron diffraction.

High-Pressure Synthesis.  We will inaugurate a new program in high-pressure synthesis.  Target systems include: doped spin ladders, nitride-chloride superconductors, SrRhO3, layered nitrides as analogs to layered oxides for charge, spin, orbital order.  In future years, we will seek to grow crystals at high pressure from reactive fluxes.  Our targets here will be oxides with metals in unusually high oxidation states, or materials where crystals cannot be grown at ambient pressure (e.g., La0.5Ca0.5MnO3).

New Layered Superconductor Material Systems.  We will determine the structure of the monohydrate, of Na0.33CoO2, in order to determine if some structural property is responsible for the sudden onset of superconductivity in the higher hydrates.  Many of the newly discovered superconductors are fast-ion conductors with a layered structure that is in common with the copper-oxide high-Tc superconductors.  However, LixCoO2, which is a commercial battery material, is not superconducting for any x.  We want to know if this is because no hydrates appear to exist.  To help unravel these issues, high-pressure synthesis will be used to form new layered materials.  A six anvil cubic press is now set up and operational in our laboratory.  The design of the high-pressure furnace assembly is now in progress after which preliminary exploratory synthesis will begin.   

Effects of Surfaces on Delocalization and Magnetism.  The intrinsic insulating nanoskin, which we observed in layered manganites, provides a natural self-assembly of the most demanding components of an ideal magnetic tunnel junction.  It also raises a question as to its origin, which may be surface strain, reconstruction, non-stoichiometry, etc.  We wish to determine its origin and fortunately have some tools to do so.  In addition to determining the magnetic profile at the surface, the x-ray scattering and absorption experiments give information on the electronic properties.  In a continuing collaboration with John Freeland (APS), we will pursue such a study using the Mn L edge as before, but also incorporating the oxygen K edge that could give information on the orbital physics at the surface.  The electronic properties have a more direct connection to the tunneling spectra than the magnetic profile, so both the STS and PCT techniques will continue to be refined.  We will analyze the low-voltage tunneling spectroscopy to search for differences with calculations that reflect the surface density of states.  

Metal-Insulator Transition (MIT) in Zero-Field and Above TC in a Field.  To test our premise that the MIT in manganites is intrinsically first order, we will address numerous zero-field transitions reported in the literature and seek a better theoretical understanding.  A particularly thorny issue for a universal first-order MIT is the magnetization of La0.8Sr0.2MnO3 which scales with temperature in a second-order manner near T3~300 K.  We will explore the possibility that the MIT is absent at Tc to avoid a conflict with our premise.  A further example from the literature is La0.7Ca0.3MnO3, for which neutron scattering studies of the spin-wave stiffness [J.W. Lynn, et al, J. Appl. Phys. 89, 6846 (2002)] confirm the first-order nature of this transition at Tc.  As such we anticipate that the conductivity for this composition cannot be fit to thermal activation, and we will test this.  We will seek theoretical guidance.  Next we will explore the reason for the first order transition.  An intriguing possibility is the synergistic nature of the simultaneous magnetic and metal-insulator transitions.  Spin alignment promotes conductivity by double exchange, but electron delocalization promotes FM spin order by the same double exchange mechanism.  

Flux Dynamics and Coupling to Electromagnetic Radiation in BSCCO Mesas.    BSCCO mesas intercalated with HgBr2 will be fabricated and tested to see if heating problems are overcome and the theoretically predicted transition from low- to high-velocity branches is seen [A. Koshelev, Superconductivity and Magnetism, 58906].  A key milestone for the observation of THz emission is the predicted peak in current when the vortex velocity matches the speed of light in BSCCO.  We will then test the theoretically predicted tunability of the THz frequency by varying the magnetic field.  In collaboration with N. Gopalsami (Energy Technology Division) and D. Peroulis (Purdue University), an antenna will be designed and fabricated on the mesa so that emission into free space can be detected with a hot-electron InSb bolometer.  

h.  Relationships to other projects
Our research on manganites is highly interactive with Naturally Layered Manganites, 58802.  Interactions with Superconductivity and Magnetism, 58906, include magnetic field imaging of CMR crystals and MgB2.  Crystal and magnetic structure work is collaborative with Neutron and X-Ray Scattering, 58701, Photon Science at Synchrotrons, 58926, Intense Pulsed Neutron Source, 58700, and Advanced Photon Source.  Condensed Matter Theory, 59001, collaborates on both the HTS and CMR programs and the Electron Microscopy Center, 58405, is a vital component of various research projects. 

Samples of manganites and collaborative research also occur outside Argonne.  In the past year we have collaborated actively with scientists within MSD (collaboration with FWP 58802, 58701, 58918), with other divisions at Argonne (APS, IPNS) and to external collaborators. External collaborators include: Peter Schiffer (Penn. State Univ.), Paolo Radaelli (ISIS/Rutherford Lab), Chris Leighton (Univ. Minnesota), Dimitri Argyriou (Hahn-Meitner Inst.), Bruce Bunker (Notre Dame), Dan Dessau (Univ. Colorado), Michael Ruebhausen (Univ. Hamburg), Lance Cooper (UIUC), Wendy Flavell (Manchester Univ.), Bud Bridges (UC Santa Cruz), Gary Mankey (Georgia Tech.), Ali Yazdani (UIUC), Jeff Lynn (NIST), Branton Campbell (Brigham Young Univ.), Chris Ling (ILL, Grenoble), Simon Billinge (Michigan State Univ.), Peter Stephens (Brookhaven).



