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WHERE ARE THE ATOMS?

We need wavelength () ~ Object size (for condensed matter that is A)
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X-ray Neutron

A:01A-10 A
MA] = 12.398/E , [keV]
Source:

- Lab diffractometers

« Synchrotron Sources

thermal A:1-4 A
E, [meV] =81.89/ IZ[A]
Source:

* Reactors (fission)

- Spallation Source
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WHAT IS YOUR FAVORITE PEANUT BUTTER?

[kadu1377 raw] Smucker's natural peanut butter (40,40,0.3) JAK
[kadu1379.raw] Skippy creamy peanut butter, refrigerated (40,40,0.3) JAK
[kadu1375.raw] Skippy reduced fat peanut butter (40,40,0.3) JAK
[kadu1381.raw] Reduced Fat Jif (40,40,0.3) JAK

REDUCED FAT

Jif
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00-024-1877> Cy2H20+, - Sucrose

D0-D05-0628> Halite - NaCl

00-038-0428> Dolomite - Cag(COs),

Two-Theta (deg)
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QUANTITATIVE X-RAY ANALYSIS RESULTS ON PEANUT BUTTER

NOW,"‘\\LVAIHCADJ\QHGAI_S/ reallyAiyourifavorite?

Sample Skippy Skippy If Smucker’s
creamy reduced fat reduced fat Natural

Ingredients peanuts peanuts peanuts peanuts
sugar corn syrup sol. | corn syrup sol. salt
salt sugar sugar
hydr. veg. o1ls | soy protein soy protein
salt salt
hydr. veg. oils | hydr. veg. o1ls
mono/diglyc. molasses
minerals minerals
vitamins vitamins
sucrose, C,,H,,0, -
wt% 94 10.0 12.2 3.1
NI sugars, wt% 94 11.4 11.1
halite, NaCl
wt% ~1 ~2? ~1 Small
NI NaCl, wt% 12 12 1.6 1.0
dolomite,
CaMg(CO;), - 0.2 - -
wt%
B, fat, SSS

wt% - 1.4
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TRIDENT SUGARLESS GUM (ORIGINAL FLAVOR)

[kadu1559_raw] Trident sugariess gum (30,10,0.6,2.5,3) JAK

20- Relative Concentrations:
29.7(3) wt% calcite, CaCO;
7 "] 48.9(6) wt% y-D-sorbitol
§ 8.1(6) wt% xylitol
3" 13.2(7) wt% B-D-mannitol
5“"\“-H"*"L-MM‘*’J"‘~’1~'~,‘-'f"ﬁ @-JU»L'J»'H' VAN, A’M}UL‘ A
o e e M
’ ' 00-D05-0588> Cakite - CaCOs

02-067-8430> C,H, ,0, - D-Sorbitol

02-085-7461> C<H 1205 - Xylitol
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02-094-0380> CyH,, 04 - Beta-D-mannitol
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DENTAL FILLING FRAGMENT

[kadu502.gs] JAK dental filling fragment (45,30,zbc) JAK

02-085-3158> Moschellandsbergite - Ag:Hgs

04-007-0578> Dyscrasite - Ags 12Sbg s

04-007-2858> Bronze - CusSns

1 1 1 1 T 1 1 | 1

80 130
Two-Theta (deg)

Managed by UT-Battelle
for the U.S. Department of Energy




JAE Dental Filling Fragment (KADUS02) Hist 1

Lambda 1.5406 A, L-5 cycle 89 Obsd, and Diff. Profiles
| [ [ [ | | [
o - + _
< £
M H 30.5(1) wt% Ag,Hg;
8L 62.7(1) wt% Ag;Sn .
R o 6.8(2) wt% CugSny
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CRYSTALLOGRAPHIC DATABASES

 Powder diffraction file, maintained by ICDD

http://Iwww.icdd.com/products/overview.htm

PDF-2 PDF-4+ 2012 PDF-4/ PDF-4/
DATA ENTRY SOURCE Release 2012 WebPDF-4+ 2012 Minerals 2012 Organics 2013

Total No. of Data Sets 250,182 328,660 39,410 471,257
00- ICDD 108,711 108,711 11,548 33,727
01-FIZ 131,404 59,927* 11,094* 6,132
02- CCDC 0 0 0 431,3597
03- NIST 10,067 3,122* 208* 39
04- MPDS 0 156,900 16,560 0
New Entries 6,271 17,807¢ 1,768 1,076
No. with atomic coordinates 0 171,856 19,355 39,496
No. with cross-referenced atomic coordinates 0 45,286 7,767 255

* MPDS entries, containing more data, replace duplicate reference patterns and citations from FIZ (01-ICSD) and NIST (03-NIST) entries in PDF-4+, WebPDF-4+ and
PDF-4/Minerals. PDF-4+, WebPDF-4+ and PDF-4/Minerals are the only products that contain data sources from MPDS (04-LPF).

+ PDF-4/Organics is the sole product that contains data sourced from the Cambridge Structural Database (CSD) published by Cambridge Crystallographic Data Centre (02-CSD).

$ While 17,807 new entries were added to the PDF-4+ database, the product increased by a net of 12,369 entries due primarily to new entries with atomic coordinate
sets replacing duplicate entries without atomic coordinates.

*CCDC (Chembridge Crystallographic database): organic

structures

*ICSD (Inorganic crystal structure database): FIZ

*NIST & MPDS S AR
~PRIDGE




NEUTRON POWDER
DIFFRACTION
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WHY USE NEUTRONS?

Neutrons “see” NUCLEI
+ sensitive to light atoms

4+ can exploit isotopic substitution
4+ use contrast variation to differentiate complex structures

# Electrically neutral, allows non-destructive analysis and ease of in-
situ experiments, e.g. T, Pr, B, chemical reaction etc.

X-rays
Neutrons have a
MAGNETIC moment
A\ s A + determine
v JJ H microscopic magnetic
structure

+ study magnetic
fluctuations

Neutrons

X I
9o

062

Neutrons have SPIN
4+ can be formed into
polarized neutron
beams Ner s




OXYGEN, WHERE ART THOU?

Ba, Og: An Ordered Tetragonal Perovskite

Iwanaga et. al. J. Solid State. Chem. 147, 291(1999)

dingiccativlypaedering

° pe 3045.

Cu?*is a Jahn Teller active ion =& elongates CuO,octahedra along c-axis

Double Perovskites A,MM’ O,

Out of 3 possible ordering only 2 observed

NP
ol AR
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BaSAIxSi46_x - Tuning thermoelectric materials at the atomic

Roudebush, J.H., C. de la Cruz, B.C. Chakoumakos, S:W. nauzlarich, Neutron Diffraction Study of the Type-I

Clathrate BagAl,Si, ,: Site occupancies, cage volumes and the interaction between the guest and host
framework. Inorganic Chemistry, 2011
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This clathrate crystal
structure consists of a host
framework
(Al and Si polyhedral cages)
enclose one Guest (Ba) atom

in each.

sites NEAREST to the guest
atom in the large cage.



MAGNETISM STUDIES

USING
POWDER DIFFRACTION

Neutrons have a
- MAGNETIC moment
E 4+ determine
& microscopic magnetic
structure
+ study magnetic
fluctuations

'd T

Neutrons have SPIN
4+ can be formed into
polarized neutron
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MAGNETIC STRUCTURES

electrons and their interactions
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Magnetoelastic effect in the Triangular Lattice System

F. Damay et al., PRB 80, 094410 (2009)
V. O. Garlea et al., PRB 83, 172407 (2011)

Monoclinic: C2/m

Jahn-Teller distortion of Mn3+O,
(3d%)

Ferro-orbital ordering d;,2_.2




Cu(Mn,,Cu,)O, : Tuning of Magnetism by chemical

K= (-0.5,0.5,0.5
7 391 = (-0.5,0.5,0.5) b
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Neutron scattering study of nanocrystalline powders
Phase separation in nanocrystalline La;3;Ca,;;MnO3, C. Dhital et al., Phys. Rev. B 84,

144401 (2011)

LCMO(x=3/8) Nanopowder

LCMO(x=3/8) Annealed
e Red NANOSCALE MATERIALS
- magnetic proprieties
influenced by grain
boundaries, surface
strain effects, etc.

1.0

W LCMO : Additional
§ oo | Z|E [eioomas / §H1"Z  Magnetoresistance (MR)
2 Nanopowder T 65| @ 0.6F = LCMO Anncaled e 04 Z )
c SI2 ] - ovonspo \\| i feature appears in ball
Gd: 43 %_ 04+ (Vl 0. 2 .
: 5|2 '\l,.: milled nanopowder

023 Z ! 3 .

310 . Mo°  Magnetic phase

— L+ gt 00 0.0 PR S E—— 0.0 separation in the
50 100 150 200 250 300 0 50 100 150 200 250
Temperature (K) Temperature (K) nanore g i me ?
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Intensity (arb. units)

LCMO nanopowder: Emergence of coexisting AF order

m umn L IR S N IR U LR
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s (b) 300 K %

Magnetic Moment (u,/Mn)
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 Phase separated A-type AF

order in nanopowder, due to an

anomalous enhancement of
strain in the nanopowder

* AF order reversibly annealed

out of sample

« T, coincides with second MR

feature in nanopowder




SAMPLE ENVIRONMENTS

key to forefront experiments in condensed matier science and beyond

Extremes of Temperature ‘
Low (crydidatsons are NEUTBAL particles
- conventivazbdwghdiycpelretifatiagntors (3.2 K — 700 K)

 “4He cryostattndeskruotive prodéde - “He dilution (50 mK)
High (furnace$)Study samples in extreme environments

« Conventional (up to 1200 °C)
« Special purpose (up to 3000 °C)
™

High Magnetic Fields

Superconducting magnets I & |
typical - 8T; special - 16T; pulsed 30T&

High Pressure
Fluid/gas cells (He or liquid) [to 1 GPa] | v
Clamp cells [to 2GPa] Bl dos
Anvil presses (to 100 GPa)

Other Specialized Environments
Load frames, sheer cell, friction stir welder, etc.




FERROELECTRIC

MULTIFERROICS

FERROELASTICITY

F(E,H) = F,- PSE; - MH, =% e, —% H i H
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TUNABILITY OF MULTIFERROICS BY
APPLIED MAGNETIC FIELD

TbMnOs
Ll L] L] l L] L] L] Ll I T L] L] T
50-(a) paramagnetic H//a
k FTn(Mn) oo —o—o—o—0—8
onn e V10 Shdi - 1
; L incommensurate AF E
"5 30 _Tlock
7 |
@ long- length .
320 ong-waveleng | =
£ nearly-lock-in AF fcrroflectﬂc J
IQ 10 (Plle)y  (Plla) |
1

n(Tb)

0 1 1 1 1 1 1 L 1 1 1 : 1 1 L 1
50 —(B) o Iparlamlagl;eti; L /';// 1'3 ‘I
[ T(Mn) 4
S NG— 09— 000000 058
< 40F 4 —
o B Tios incommensurate AF b
% 30‘— ~
@ [ long-wavelength
g' 201 nearly-lock-in AF 2
o [ . ferroelectric |
[t
1 012— fcrr(c}:;:/l/i():mc Plla) ]
0 1 1 1 s L L1 1 1 1 1 L 1 ;
T T T T T T =
50(c) paramagnetic H//c
. 20 o, g M) 1 o
Kimura, T. et al., Nature 426, 55-58 (2003). o e e e B e e e o 2 |
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30 '—Tlock -

) canted AF | ﬁ
paraelectric
P,

long-wavelength
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ferroelectric
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MAGNETIC
STRUCTURE
DETERMINATION
FROM NEUTRON

DIFFRACTION DATA

Magnetic Structure Determination
from Neutron Diffraction Data

June 5 - 8, 2014

Oak Ridge National Laboratory — Oak Ridge, Tennessee, USA

About the Workshop

_ =" About the School

Lecture Notes.
http://www.mrs.org/acns-2014-satellite-meetings

Useful Links

The Magnetic Structure Determination Workshop 2014 aims to enhance the community studying magnetism in materials by
Organizers learning from experts the essential theoretical foundations to magnetic representation analysis and work through real examples

to gain in solving and refining magnetic structures from neutron powder and single crystal diffraction data.

Travel & Lodging
aine Confirmed Speakers:

(D « Juan Rodriguez-Carvajal (ILL, Grenable)

« William Ratcliff (NCNR)

« Ovidiu Garlea (ORNL)

« Clarina de la Cruz, (ORNL)
« Huibo Cao (ORNL)

2012 Workshop.
Information

Registration is now closed!
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X-RAY AND
NEUTRON POWDER
DIFFRACTION AS
COMPLIMENTARY
TECHNIQUES

Ashiiia Huq, GEMD, ORNL
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NEUTRONS AND X-RAY ARE COMPLEMENTARY
TOOLS IN BATTERY RESEARCH

v" Develop/design materials to increase
performance of electrodes and Elements Neutron scattering

Atomic

electrolytes in batteries length : b Number : Z
v" Structural information is crucial to Li -1.9 3

understand the electrochemical (natural)

properties and motion of Li in the Mn -3.73 25

system.

Co 2.49 27
Detalled structural analysis using Ni 10.3 28

comblnedneuhonandx-laypawder

WA WS WA Wat{ C

R
V. &

x il

Space Group: R-3m Space Group : C 2/m Space Group: Fd3m
a=2.85,c=14.28 a=4.94,b=8.55, c = 5.04, b =109.3 a=8.17
Li(Nig 33Mng 53C 0, 35)0, Li(Lig 2Nig 4,Mng ¢C 0, ¢3)O; Li(Nig 42sMn, 5C 04 475)O,




NEUTRONS REVEAL HIGHER LI CONCENTRATION IN TM LAYER FOR

X=0.5 AND O0.75, IMPROVING CYCLE LIFE FOR THESE COMPOSITIONS.

(a) < _ s (b) S s
= = =]
” @ < i
n = n x=0 L s
o
N
'UT A x=0 » ?IT s S
= ] s £ |x=0.25 L
< x=0.25 s c L L s
= L =
g B VTS | B -1 B :
S
s B =05 s & [x=05 L
> s I L NEUTRON
= v ,/\/':__/S\_\ JL 2
2 DREIVANOA ") L
c
[ L x=0.75 o |-
€ S . S Sy =k oJSLS SL
- M AA__S_| ,_Jé\_ =1 A
= «° L
g s = =
o x=1 T 2 x=1 L L
L - ~
AN | A2 N

18 19 20 21 22 36 37 38 39 44 45 46 2.0 2120 24 2.223 24 25
20 (degree) d spacing (A)

v No TM ordering in the spinel phase.

v" Li and TM ordering converts the nominally layered (R3m) phase to form a monoclinic phase
(C2/m) where superstructure reflections are observed.

Impurity cubic phase is identified as NigMnO,, instead of the traditional cubic Li,Ni, ,O,.

Ex-situ XRD reveals entire layered phase (C2/m) transforms irreversibly into cubic spinel
(Fd-3m with 3V plateau) in the composite cathodes during extended cycling.

v' Higher Li occupancy in the transition metal layer of the layered phase appears to
be the driving force for this facile structural transformation that improves the 7
cycle life of the cathode.



IN SITU STUDIES OF
SOLID OXIDE FUEL CELL.
MATERIALS
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SoLID OXIDE FUEL CELL (SOFC)

* Oxygen from the air is reduced at the
Il cathode.

T 0, + de- — 202
o

* Oxidation of fuel at the anode.

<«— Hydrocarbon
O*

H,+ 0> — H,0 + 2e-

®* Current cells have a reformer to
generate CO/H, fuels from
—»(0,,H,0 hydrocarbons.

CO + 02 > CO, + 2e-

* Ideally we can utilize hydrocarbons

[] - Cathode - Porous, 2-phase composite directly:

[] - Electrolyte - Dense, single phase
[[] - Anode - Porous, Multi-phase composite CH,+ 40> —- CO, + 2H,0 + 8e-

22 OAK

~ TN
@xNiBIS;

i



IN SITUNEUTRON POWDER DIFFRACTION OF SOFC
MATERIALS

, Understanding the structure-function

Il relationship between crystal structure
and composition on oxygen ion
transport to optimize the performance of

e-

e SOFC materials
) | Structural information must be obtained
under operational condition (IN-SITU)
<«€— Hydrocarbon
0 o

——>»C0,,H,0

RGA

An integrated sample environment that
includes a high temperature fumace, a gas
flow insert, a pO, sensor and Residual Gas
Analyzer (RGA) make experiments possible
under operational condition.

TIT Do ts




UNDERSTANDING STRUCTURE AND
{ FUNCTION IN SoLID OXIDE FUEL CELL

| FOFC)

<«— Hydrocarbon - Cabinet > cs>xvgen EXHAUST
eeeee
02- ) Bubbler

Ozﬁ ﬂi_)

| Lucyfe Furnace
— >0, H,0 N e Lucyfe Py

RGA

Challenge

g g
i NNi¢
A N

A bhasic understanding of the structure-function
relationship that describes the influence of DETECTION
crystal structure and composition on oxygen ion
transport is needed to fully optimize the
performance of these materials.

This valuable structural information must be

obtained under operational condition. An integrated sample environment that includes a
high temperature furnace, a gas flow insert, a pO,
sensor and Residual Gas Analyzer (RGA) make
experiments possible under operational condition.

[[] - Cathode - Porous, 2-phase composite

[] - Electrolyte - Dense, single phase
[[] - Anode - Porous, Multi-phase composite



A NEUTRON SCATTERING
EXPERIMENT IS NOT THE FIRST
STEP...

THE STORY OF FE-BASED
SUPERCONDUCTORS: A
NEUTRON SCATTERER'S
PERSPECTIVE




FeAS-BASED SUPERCONDUCTORS

56K 1 @ GdO,.
51K PY xTh F?\Ask Fe,As, (A=Sr,Ca,Ba)
(Nd and Pr)O,_F, Fihg e fFe1 Go )22A32
O (G.F. Chen etal. and Z. Ren et al otter et al., Sasmal et al., Sefat et al.
e (Ce and Sm)O,_F,FeAs (Li or Na)FeAs
®L20. F FoA (G.F. Chen et al. and X.H. Chen et al.) ] Wang et al., Tapp et al.,
a [ . I~
(Kami:e_l)éa;(a S[ als) ® La,,Sr,FeAs Pltch.er otal &f:tsaf Sr,VO;FeA
26K ' (H-H. Wen et al.) + Zhuetal.

——
February 08 March 08  Aprl 08 May '08 July ‘08 Aug 08 Sept'08 Aprll 08
AICIS

COMMUNICATIONS

Published on Web 02/23/2008

N O N d"Supercond tCtadla[ Cr=e 3 ashs (A 9:6570.12)
with = P6 K

Yoichi Kamihara,*T Takumi Watanabe * Masahiro Hirano,T§ and Hideo Hosono'+$

ERATO-SORST, JST, Frontier Research Center, Tokyo Institute of Technology, Mail Box S2-13, Materials and
Structures Laboratory, Tokyo Institute of Technology, Mail Box R3-1, and Frontier Research Center, Tokyo Institute
of Technology, Mail Box S2-13, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan

Received January 9, 2008; E-mail: hosono@msl_titech.ac jp
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Anomalies in the physical properties at T_,,,,,~150K




THE CUPRATES HTSC ERA

Over 25 years of studying unconventional superconductivity in the
Cuprates

HgBaCaCuO
*
Superconducting T, . ——— MI‘
VS, le TIStBaCu ls k‘y |n

Discovery Year ®6icasiCu,0, undershndlng

|Ela_?[23u:::[:]T

Temperature [K]

) ki ..Tﬁk: 1.35. o - 8 ~ <
1900 1920 1940 1960 1980 2000 mrlul mbe to
L YearofDiscoven
= general belief that SC in cuprates is
derived from AFM parent compound

unconventional
superconductivity
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Dong et al. (2008)

Anomalies in the physical properties at T__..~150K
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' FE SI l‘l\s AT :—OW‘T

_h+k+l=2n magnetic unit cell: V2axv2bx2cy,
| | | |

20 30 40 50
20 (degree)




AFM ORDER OF FE SPINS AT LOW-T

¢ Fe spins lie Iin the ab

nuclear cell
anXbpyXCy
P112/n

magnetic unit cell: V2ayxv2byx2cy



MAGNETIC TRANSITION AT I, ~137K

¢ solld line Is a
simple fit to
mean field
theory which
gives T\. =137 K

A\.A-..AV\( -

d!storfed 9* 155
K, preceding the
long-range static
AFM order of the
e spins

80 100 120 140 160
T (K)

Temperature dependence of the order parameter
atQ=1.53 A



MAGNETIC ORDER VERSUS
SUPERCONDUCTIVITY IN

IRON-BASED LAYERED
LA(O,x"XIFEAS SYSTEM

Ratcliff Il, J. L. Zarestky, H. A. Mook, G. F. Chen,
J. L. Luo, N. L. Wang, P. Dai,

Nature 453, 899-902 (12 June 2008)




PHASE DIAGRAMS OF FEAS SUPERCONDUCTORS

F Doping X
0.04

No AF Fluctuations
suoI1en1on|d 4w oN

Electron

J. Zhao, Q. Huang, C. de la Cruz, S. Li, J. W. Lynn, Y. Chen, M. A. Green, G.

F. Chen, G. Li, Z. C. Li, J. L. Luo, N. L. Wang, and P. Dai,
NATURE MATERIALS (2008)



CLASSES OF DISCOVERED FE-BASED SUPERCONDUCTORS




www.paperscape.org

mathematics mathematical physics
(math) (math-ph) -

quantitative finance
(g-fin)
quantitative biology
statistics))
(stat)

Yok quantum’physics
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Powder diffraction is an extremely powerful
technique to study the physics, chemistry and
material science problems in a very wide variety
of materials

Fundamental answers to “where are the atoms?”
and “what’s the magnetic ground state?” derived
from powder diffraction measurements can take

you a long way
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AB-INITIO STRUCTURE SOLUTION
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Malaria
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LIFE HISTORY
OF
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Hepatic\parenchymal cells ‘\"‘»;j,_-
(containing pre-erythrocytic stages) \@

\

Trophozoites infect red blood cells, digest
hemoglobin, squester Fe-porphyrin
(would be toxic if it remained in solution).




Infected erythrocytes, with lumps of hemozoin, in a
capillary in the brain
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Haem polymerization in malaria
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X-ray intensity (arbitrary units)

B-hematin and malaria pigment
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()

10 - 15

rnamy v

(i)

10 15

diffraction angle 26 (degrees)

= P-hematin is chemically

red cell .

- and crystallograpically
identical to the malaria
pigment isolated from

Infected red cell infected red cells.

m it was prepared in the
laboratory as a powder, by
dehydrohalogenation of
hemin®.

Difference = Malaria pigment
Synthetic g-hematin



Given atom positions, it is straightforward
to compute the diffraction pattern

2

hkl

E f eXp(lQhkl R, )

atoms j

Solve a new structure from powder data

1.
2.
3.

Get data
Find the lattice
Space group (internal symmetries) systematic
absences, density, guess, luck
Extract intensities of each individual (hk/)
peak
Solve structure
a. Momentum space - Direct methods
b. Real space
Refine



29 Triclinic, Z=2.
5 (L7 oyt | elinic,

1torsion \ o 3 390 a=12.204A, b=14.722A, c=8.042A
28 () C

AN N (0T O 0=90.20°, B=96.85°, y =96.996°
Cu2 @' g 0 The solution in P1 (two
) ® 3 torsions . .
caud) cs molecules related by inversion

c33¢3 ® symmetry) consists of finding:
P! v 3 spatial coordinates,

C200 I Pm(QC10 v 3 Eulerian angles,
A Ll v 8 torsions.
Qg J $ o
o 7037

® ®
Cee ® () C1y
18 (3 C12 .03 (No solution in P1 was better
1 torsion 3 torsions ( )
() 9
cu30 C21 C15

Fe (protoporphyrin-IX)

The resulting 6 torsions in the propionic groups will show
the molecular connectivity in f-hematin.
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There is no polymer!
The structure consists of chains of hydrogen bonded dimers,
in which each molecule is linked through iron-carboxylate bonds.

SCHAKAL



Current models of action of chloroquine and related drugs

| /2
CH—CH~CH—CH,—N
“CH,

NH -~
Ry

1. Caps the growth of the polymer

2. Inhibits a proposed polymerization
enzyme

3 Otherwise interferes with the chemistry
of heme oxidation and hemozoin crystal
growth

3a. Adsorbs on growing surface and
interferes with crystal growth

Supporting evidence from autoradiography
with labeled chloroquine



Strong motivation for understanding the

morphology of hemozon/hematin crystals
P gy Y Growth along what

faces?

300 nm
X ——
[001]

| T—(100)
(010)
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[131] surface of hemozoin

(|:H3 Pral
NH ~CH—CH~CHyCH,—N
“CH,
N .
cr” N

chloroquine




View L (010)

plane View along

[001] axis

(growth direction)

View L (100)
plane




REBaCo,0.,; : cathode materials for SOFC

NdBaCo0,0s:q)
18

16

14

[y
N

» Samples of (Nd and Pr)BaCo,O.,;
were measured @ four different

Spectrum
(=Y
5]

pO, and four different |°°

temperature at each pO, ) 5
» Equilibrium state was achieved by : LU i L WA LT

measuring the lattice parameter. > ' - dspacing ’ >

Once the lattice parameter PrBaCo,00.0
stopped changing, longer data
was collected.
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» Temperature of the sample was
calibrated using a standard
powder under identical condition.

Spectrum
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Neutrons show Oxygen migration pathway
in NdBaCo,0;,;

R.A. Cox-Galhotra, A. Huq, J.P. Hodges, J.H. Kim, C. Yu, X.
Wang, A. J. Jacobson, S. Mcintosh, “Visualizing oxygen anion
transport pathways in NdBaCo,0;,, by in situ neutron
diffraction”, J. of Mater. Chem. A 1, 3091 (2013)
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> High Q data allows refinement of anisotropic thermal parameters and oxygen vacancy. Combined
with near neighbor distances, it allows us to directly visualize the oxygen diffusion pathway.

> The structure is Tetragonal and not Orthorhombic as previously suggested in these pO, values.

» 03 site exhibits the largest vacancy and anisotropic motion. Motion of O2 is also very anisotropic
which can hop to the near neighbor in the vacancy rich NdO plane. Fully Occupied O1 site has very
small displacement and hence limited motion. 2L




