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Introduction/Motivation for Research

e >60% of energy produced in U.S dissipated into
environment as heat

« Thermoelectric (TE) generator: Convert waste
| |h| T heat into electrical power via the Seebeck effect

Wa“@{ - Interplay of three conflicting parameters:

» Seebeck coefficient S

e Electrical conductivity o

e Thermal conductivity «

oeS?

Efficiency =

K

You want Efficiency 1|

Youneed ofl, ST« atall T lattice electronic
But normally ofl, SU, «1! (conflicting) E&mrgﬁgﬁi@t@@@ﬂ; "

Searching materials/conditions that exhibit ofl, ST and &

TE generator

1s an outstanding problem 1n Materials Science and Physics.



Current Thermoelectric Materials

Materials S(pV/K p(2cm) K (W/mK) T
Ybi4MnSby, 185 0.0054 0.7 ~1 (1200 K)*®
0.23B-0.77Sig 3Geg. 168 0.001219 4.1 ~0.62 (1200 K)*
NaCo; 0Oy (crystal) 100 0.0002 2 (poly) 0.75 Co0,
p-Type Na,C0204 | 100 0.0063 Non-stoichiometric AV&V
(plate morphology cera 177 0.0073 Na,C0,0, s is so far . o Naos
Naj 5C01 8Ag0204 101 0.0066 a champion material e e
LaCo0O3 635 15.6 in p-type. VAYA\
LapogS ]‘0‘02C003 330 0.265 (PRB56(1997)R12685) (m:‘;:éfgz)
BisTe; —200  0.001 1.2% \
0.59P-0.41SigsGegr  —171  0.00074 4.2 ~1.15 (1200 K
Sl‘()‘ggLa()_()zTiO_g —260 0.001 11 0.18™ "
T Srp.9Dyg.1 TiO3 —190 ~(.0028 ~2:0 0.22(573K) 13
P Thin film —200 3 0.37 (1000 K)™
SrTipgNby 203
‘ 0.65(1250K)*’
Z Alg.o: —220 0.001 8 (1073 K
esiar g R 016 650K)
p-type oxides n-type oxides
Holes generated by oxygen excess ~ Oxygen deficiency results in exciess electrons
502 —V,; +2h" +0g O —>VO"+2e'+§O2
Good stability in air at high T Stability often poor at high T 1n air

Development of n-type oxide materials is still behind.



This Project (DE-FE0007272)

(Oct 01, 2011 — Sept 30, 2014)
Overall Goal:

Investigate potential materials and processing technology of n-type
oxides with high TE performance using combination of the developed
material compositions and hierarchical designed microstructures.

Technical Objective:

« Exploit unique crystallographic structure to optimize the thermo-
electric properties of oxide materials.

 Tungsten-bronze crystal structure represented by ferroelectric
strontium-barium-niobate (Sr,Ba, ,Nb,O,) as a prototype system.

* Develop processing routes to make desired crystalline phases and
aniso-tropic porous structure to evaluate the effect of micro- and
macro-pores on thermoelectric properties.



Presentation Outline

After 2.5 years of research under this grant

» Materials development
Strontium barium niobate (SBN)
Processing and structure
Understanding cation site occupancy

e Thermoelectric properties of SBN
TE behavior
Local electronic environment/structure
Conductivity and stability

e Materials engineering

Microstructural aspects

Multi-length scale engineering

 Future perspectives (i.e. rest of 6 months)



Tetragonal Tungsten Bronze(TTB) Structure
Strontium-Barium Niobate: Sr,Ba, ,Nb,O,

f*TCl—‘!?T (A1),(A2),(C)4(B1),(B2)sO4

roed o ﬁ ";; e Tetragonal Al: Sr only

¢ e Pentagonal A2: Sr or Ba
Octahedral B1, B2: Nb
e Trigonal C = Vacant

@Ba ©oNb *]1/6 of total A1+A2 sites vacant
o Sr (10

g

* Complex disordered structure for low «
e Wide range of compositions by varying X or doping

e Polarization occurs along polar c-axis:
explore possible ferroelectric-TE coupling



ferroelectric to paraelectric transition
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 Reduced SBN for TE applications

» High power factor (PF = 20 uW/cm-K?) parallel
to polar c-axis in SBN61¢*

Motivation to study TE behavior of
polycrystalline SBN: Start with structure = 7z 25 30 5% 0 0 sio sso

Strontium Barium Niobate (SBN)

* Sr,Ba, ,Nb,O, (SBN100x): n-type relaxor ferroelectric with broad

Extensively studied for electro-optic/photorefractive applications

Congruent composition: St ¢;Ba, ;0Nb,O (SBNO1) zhang etal., ceram. Int. 39, 1971 (2013)

Phase stability region: 0.25<x<0.75 (?)

Composition-dependent phase transition temp.

Electrically conductive with annealing in

reducing environment

sl SBNS50 e
3000 | /A"
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Power Factor, S'c (LW/cm Kl)

Temperature (K)

*Lee et al., Appl. Phys. Lett. 93, 031910 (2010)



Combinatorial Materials Exploration(CME) ™

A paradigm to explore large multi-variant materials spaces that enables screening
and understanding complex material systems 1n a time/cost-effective manner.

E Substrate Suitrate Suitrate Suitrate Substrate Substrate

. . | |
ume \ \
Laséi Plume Las?g Las?g Plume Las}g Plume

P Compositional Spread
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Bulk Synthesis of SBN(x) FY-1

* Need single phase and nano-sized homogeneous powders for fabricating dense
textured polycrystalline pellets.

* Conventional solid-state synthesis suffers from issues related to phase purity and
efficiency.

Solution Combustion Synthesis (SCS)

A self-sustaining exothermic reaction to form a desired material

» Reactions between metal salts (nitrates) and a suitable [ Aducous St ][ Aqueous Ba- ][ Aqueous Nb- J
. - nitrate precursor nitrate precursor
fuel (urea) in a homogenous solution - -

oxalate precursor

e Sufficient intermixing of metal cations due to the Tomogenons ——
use Of lquId precursors. ca (fue combustion solution nitrate (oxidizer)

 Fast reaction times and ability to produce nano- Preheated Furnace
powders with uniform particle size and high phase

i
.
Pty (o)

Sintering in air

!
Example SrXBal_xN b206 (SBN50) 5 [ Crystalline SBN pellet J
0.581(NO), +0.5Ba(NO), +Nb,(C;0,); + SNH,NO, + = CO(NH, ), i

Sr, .Ba,;Nb,O, + %CO2 + ?Hzo + ?Nz



Intensity (arb. units)

Sr,.Ba ,, Nb,O, (SBN) FY-1

T SrBa,. «NDb, Og via SCS
1480 r"::"" ':?.‘ ~ — All peaks correspond to SBN phase
: g L /L
\s.-unzos sl I S B L\d b SBN61
i 20 a6 IE:D BO:. oo g
= F SBN50
Crystallinity and Phase Purity B P JL\JU\/ULNﬁJ
' SrysBaysNb,0, (SBN50) £ | U L
il e
Lo t bl o 2% i JULJL SBN20
VAN _/ L,f\m/\_,
20 25 35 40
_ _ 20
Sr,Ba, ,Nb via Solid State Processing
800C B T D Secondary phase
__jUM 700C
20 30 40 50 60 70 80 90 26 25 30 35 20

26 (°)



FY-2, 3

Cation Site Occupancy in SBN

h o< C. Dandeneau et al., Appl. Phys.
N ; Lett. 104, 101607 (2014)
Sr 3d Ba 3d
5/2 Fractured surface (interior) 5/2 pd SBN20

I ' L I L | L | L | L | 1 | i 1 ~ . — ” N _-'; “». I L 1 1 | L | 1 1 ;' ;"’=* -
137 136 135 134 133 132 131 - 784 783 782 781 780 779 778 777 776
Binding Energy (eV) Binding Energy (eV)

e Only one Ba 3d.,, peak observed: Ba occupying A2 site only

e Two Sr 3d;,, peaks appear: Sr occupying both A1 and A2 sites with
BE difference of ~1eV

Which Sr site corresponds to higher BE peak?



Intensity (arb. units)

FY-2, 3

Cation Site Occupancy in SBN

CN=12 CN=15
Larger coordination number (CN)
for Sr at A2 site

4

T T I LT T a T T T TR Lower electron density, higher BE

Binding Energy (eV)

Five formula units per (A1),(A2),(C),(B1),(B2)sO;, unit cell
For Sr,,Ba, {Nb,O, (SBN20): Ba occupying all A2 sites
No higher BE peak for SBN20— corresponds to A2 site
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Reduction of SBN In Ar/5%-H,

* As-sintered SBN samples possess very low o

FY-1,2

e Annealing in reducing environment creates oxygen vacancies:

O, =V, +2e'+%02(g)

* Increase of o by e- donated back to Nb to preserve electroneutrality.

» For SBN50: Sr,;Ba,;Nb,0, — Sr, ;Ba, ;Nb3" INb}*

XRD

Unreduced SBN50
Reduced in Ar/5% H,
(1000C-25h)

M:M

MO, —>M;, +e +30}

XPS
Nb 3d,,,
Nb+4
“"‘"—‘-——4——-——-\

212 210 208 206 204
Binding Energy (eV)

S (g
Which oxygen(s)?



Intensity (arb. units)

Intensity (arb. units)

Reduced SBN: Sr/Ba XPS Spectra ™

1000 °C reduction
Sr 3d
5/2
'ﬁfiw A1 o
/j Uy
e \
f“' 1 \
)' ﬂ N'ka \
AN
'“zws\whwmf-,l\"‘f' A ““‘ww "I "'. \\-wmmﬁ i
10 h ‘w/ & \ \‘
MMNWW%WM“W \ o °
3h \
ooty ﬁlww o PN
M‘WWW S ]

| L L | 1 1 il 1 f L | L
137 136 135 134 133 132 131 130
Binding Energy (eV)

Sr 3d
5/2 A2

25 h: ArIH2

157136 135 134 133 132 131 130
Binding Energy (eV)

1000 °C reduction
Ba 3d5;2

Only A2 peaks shift to

lower BE for Sr, Ba.

No shift in Al peak.

Intensity (arb. units)

Suggest which O is
removed

L | L | L | E. | L | L | L
783 782 781 780 779 778 777 776
Binding Energy (eV)

Preferential oxygen vacancy formation at 4¢
site could increase electron density.
Oxygen 1n 4c site calculated to have lowest

vacancy formation energy*
*Baetzold et al., Phys. Rev. B 48, 9 (1993)



TGA: Oxygen Uptake "

1 02 T ! T | T | T T T 800

Temp. profile

—>

1700 Weight gain due to
oxygen uptake: 1.52%

101.5

600

_ - Weight s l
X gain | _ _
= B 4o © Value of din
2 Onset of oxidation: |+ Sr,Ba, {Nb,O, 5 0.36
= 250 - 300 °C 1300
100.5 JE l
1200
Powder reduced for 5 h . Valence of Nb from
100 at 1000 °C in Ny/H,: 100 charge balance: 4.64

pO, ~10-?1 atm
0 30 60 90 120 150
Time (min)

0

 TGA gives us two key pieces of information:
1) Maximum reduction in Nb valence (powder vs. dense pellet)
2) Temperature at which reduced state degrades 1n air



4 L |

Vacancy Formation Enthalpy FY-3

O, -V +2e’+%02(g)

Equilibrium constant (K,.) and electroneutrality condition gives:

Ah [ 1
Vo 1=K, eXp(—Mj where K, =K?4 3(p0,)

Re

1 Ah
From o =enu, Ino=|— || —— |[+1InK., where K, =2K. e
3 3 2 :ue
U3k
12 — — ©
. —*— 300 K: Ah=3.85¢V - Assumptions-
11} —=—350 K: Ah=3.65 eV - '
ol L ameanmasiey] 1) Defect state is “frozen” in upon quenching

—¥ 555 K: Ah=3.54 eV |

2) Mobility does not vary significantly among
samples at measuring T
3) 4h~3.6-3.9¢V —_O-vacancy
[AZ]] 5

Ref. Q20—

For BaTiO5: Ah=5.24 eV

6.5 7 75 8 85 9 atpO,at10'2and Ty,
10%/Reduction T (K™ between 1100 — 1300 °C




LI — 1 T T r T1 T T T T T
200 -
N.,/5%-H,
150 F
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Q
‘TN .
= 100 - =
50 |
0 il .. R R RN SRS SRR N
300 400 500 600 700 800 900 10
; . T(K)
Findings

TE Properties of Reduced SBN50

FY-1,2

Reduction in Ar/5% H, versus N,/5%H,
Seebeck Coefficient (S)

Electrical conductivity (o)

1 1
S (WV/K)

-50

-100

-180 |

-200

1 L

Power Factor (uW/cm-K?)

300

400 500 600

T(K)

700 800 900

100(

35

w

o
3

N

—_
(42}
T

-

o
w

Power factor (P=c S?)

(1) Overall TE performance: (N,/5%-H, red) > (Ar/5%-H, red)

(2) Around T~600K, sign of o changes from 97 ¢ t

dT

(3) For T to ~600K (N, red), o 1 along with |S|]

(4) k after reduction increases by ~50% due to increases

in the free carriers.

do
dT

0 —<0

T — T T T T T T T
300 400 500 600 700 800 900 1000
T(K)
25 ‘
3 2
£ 2f Reduced (1000 °C)
‘E = " . * =
E 15 ,.--‘r As-processed -
t; *
S
T
c
S 'l
: |
E i
2 os !
= 4
1
[ PP O I TSP I PP KPP ]

300 400 500 600 70O 800 900 1000
T(K)



Difference Between N,/H, and Ar/H, Reduction

XRD before and after reduction in N,/H,

XPS : different degree of reduction

FY-2,3

Intensity (arb. units)

3 hrs reduction  \

25 hrs reduction \

, \
10 hrs reduction \

iy \\\ -
/{ &\ Iéﬁ
APV

. _(330)
] 36 3 40 42
2() -
(111)NbN 'g
SBN (SC) and NbN: (Metallic) s
Enhancement of TE performance
via “Composite Effect”?

25 h reduction
in Ar/5%H,

Binding Energy (eV)

1 , | |
212 210 g o =
(NN |
L Nb 3p Electron Bind|ng Energy (eV)
Nb3p, | 3.5¢eV
Nis | \ §
A A n
P \-'_\/'E'-LWI‘P”I..I‘ ',\ I: E_ i;
! !-". A '!.
H | ‘II I \\%Wm.\zﬂi, .,}1 b N q-
1 W A x,.wj&'} Nb.O NbO . -
A v\;U’\rm,y r o h ) 'I
420 460: 380 360 340 2 XPS Reference Eb for Nb COmp()unds



Further look into reduction with N,/5%-H, ™

150 ———— S
1
do : do
—>0 —<0
dT . dT
|
100 | e ]
— ! 1150 °C |
£ ]
Q |
= ! 1100 °C |
T ’ |
1
i 1050 °C_
0r 1000 °C
! |
:
L I 4
/»—:4———0‘O§QQOO °c
0 n 1 L | n 1 : " | n 1 " 1 " |

T (K)

300 400 500 60d 700 800 900 1000

Findings

S| (V/K)

300

250

200

150

100

50

1 s 1 i 1 i 1

— T T T T T T T T 2

900 °C |

—_
w

1000 °C

1050 °C
1100 °C
1150 °C 1

Power Factor (pW!cm-KZ}
o
o -

P R N R 0

e Power Factor (o *S?) max. at 1000C-red

e Parallel rise in |S| and oup to ~630 K
* Change in sign of do/dT at higher T

e Loss of nanodomains?

e Tgfor SBN61 = 620 - 650 K*

700 800 900 1000

- Reduction

*—900 °C
*—1000 °C
—=—1050 °C
+—1100°C
+— 1150 °C

300

300 400 500 600 400 500 600 700 8OO 900

T (K) T (K)
"Nb 3572 5+ 4+ 3+ 2+ 1+
:After subtracting Nb>* Nb#@-0 NE+(2"»

= ——900 °C /)

S 1000 °C | |

g ~—1050 °C \

8 oc | o) e

2

@

c

-]

=

®

£

=

« Appearance of Nb*(>9 as a protocol to
ascertain “1deal” reduction conditions.

212 208

204 200

Binding Energy (eV)

1000

Nb



Electrical Co_nductivitx Behaviorglz FY-3

Variable range hopping (VRH) N Nearest-neighbor small polaron

1 ) hopping (SPH)
b Nb4+ Nb5+ Nb5+ Nb4+
o-:aoexp[—(To/T)d”] W———r———T—— o—:iexp _Ea
. | kT
T, = Characteristic T coefT. 1 T | D [ | |

A = Pre-exponential factor

E, = Activation E for hopping

- : | ] m =1 (adiabatic) or 3/2 (non-adiabatic)

3 100} | | Electrons migrate by hopping
| 5 out of self-induced potential

well to neighboring site

o0, = Pre-exponential factor 150L
d = Dimensionality of hopping

_1)

Q' 'cm

At low T, electrons hop
to more distant site with
smaller potential barrier s

o

o °"300 400 500 600 700 800 900 1000 18
T (K) 17
954 i 16;
|« Adiabatic small polaron hopping: s
T 9 1 * Charge carrier density and mobility Eb, 14}
= [ n = 1 7 X 1021 Cm-3 - 13; Ea=126meV ;
asl 372K> | ) :
U =0.1 cm*/V:s 12
' ' at 400K for N2 reduction uls
8L L
10 L | L 1 L I L 1 L | L
017 0.18 019 02 021 022 023 024 025 oo 1'51000; (K_1)2'5 98

T —1I4(K-1.'4)



Electrical Conductivitx Behaviorgzz

FY-3

Why change in 51gn do/dT>0 to do/dT<0?

200

Possibility (1)

At higher T, ¢ decreases
with decreased mobility
by scattering?

o (ﬂ'1cm'1)

150 -

100 -

50+

xxxxx

7

Mobility measurement with T
(Currently in progress)

_1)

&

%‘:»:
CBN materials T, Tg 3
Ca018 B3.078Nb206 N600 NIZOO 8 .

20 F

o : .
300 400 500 600 700 800 900 1000

Possibility (2)

| « Mott insulator-metal transition?

Ferroelectric nanodomains
Paraelectric regions

* For T>Ty, left with metal-like
paraelectric phase

T(K)
CaBa, Nb,O,, CBN100x
\
4 ‘90 Use FE materials with higher Tc
e L )" | | totest Ty effect.
- I..w""ﬂ;}!. A@ x"'—-:..:.:_‘ ii;::'r A —
AN < < [T
I
QYT T 3
T T, (CBN) -
) 400 600 800 1000 = k== Temp
Temp. (K) ) C T B



o (Q'1cm'1)

ISI (nV/K)
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SBNG61 single

- Heating: Filled marker
- Cooling: Open marker

| e o

| Heating: Filled marker
Cooling: Open marker

Reduced for 25 hrs
in N,/H, at 1000 °C

0 1
300 400 500 600 700 800 900 1000

T (K)

o (Q'1cm'1)
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Repeated Testin

SBN5O polycrysta[line

Heating: Filled marker
L Cooling: Open marker

—+—Scan #3

—=—Scan #1 |
=— Scan #2 |

—e— Scan #1
=— Scan #2
—+— Scan #3

in,N,/H, at 1000 °C

L 1 n 1

Reduced for 25 hrs |

0
300 400 500 600 700 800 900 1000

T(K)

FY-3

Deviation from SPH fit

decreases durmg retestmg
20 — T \

——Scan #1: E =126 meV
—=—Scan #2: E, =163 meV
18 —+—Scan #3: E, =187 meV

1.5 2 2.5 3

1000/T (K™

Factors contributing to the changes of polycrystalline sample
* Partial oxidation of the grain boundaries?
« Removal of the boundary passivation, such as hydrogen adsorbed at dangling bonds?



FY-3

Stability: Incremental Heating/Cooling
At what point does o of polycrystalline SBN begin to degrade?

200 T T T T T T T T T T 150 T T T T T T T T T
Heating: Filled marker Heating: Filled marker
. Cooling: Open marker P Cooling: Open marker
150 - Temperature profile
800 . . . . 100 - 8
- A —_
'E 700¢ X
L 100L - 44 2
e 600t ’ 0 =
— fon A
© - Z 500 (A
- e mis o4 50 . ]
50 - - 400t ¢ u s § 5
SBN50 reduced for.  300e S
25 hrs at 1000 °C 0 5 10 15 20 25
1 . I . 1 . I . 1 . Data Point 0 ! ‘ ! . ! . 1 . 1 .
300 400 500 600 700 800 300 400 500 600 700 800
T (K) T (K)

e Upon cooling from 450, 550 K, almost no change in o observed

e Above 550 K, notable decrease in do/dT and degradation of o
values with cooling are evident - |S| exhibits no change

e Further experiments are planned to look at effects of time and
reduction in hydrogen-free environments



SBN50 Powder Sinterabilit FY-1,2

Conventional Sintering (CS) Spark Plasma Sintering (SPS) Sinter-Forqging (SF)

Spark Plasma Sintering (SPS)

Pressure
Sintering Pulsed DC }

power supply lf | G;:E::‘ie
- e
. : _ :
: :l’owdel
| i
Powder Pores R RN
particles Vit Gra?hite
chamber Pressure i
www.substech.com
* Pressureless-sintering * Pressure + Electrical Current in vacuum
* Varied density » Extremely fast sintering times (<10 min)

* High density with fine-grains (<250 nm)

p =93%py,

-—T
©

b
o

-——

il

 CS + uniaxial pressure.
 High density.
* Textured grains



FY-1

Sintering of SCS Powder: SBN50

Sintered at 1250 °C for 24 h
n T i < . n

o A F '

~88% relative density
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On-going work (1): Nano-Micro Composites

] —#— NOO —&— N10
] w NO5 —— N20
. () S

Q&;«;— N100 ref. 12:
Adaaa, ﬂ“mmmo %

= A, E
3 ?ﬂﬁ%ﬁp¢¢v11ﬂn

Yy *111‘
3 vy s :
= Ay
:: «..._ £

P e
AAAAA

CoSb

...............................................

300 400 500 600 700
T(K)

Mi et al., App. Phys. Lett. 91, 172116 (2007)

FY-3

e Reduction in grain size adversely affects
electron mobility

e Research into nano-micro composites to scatter
phonons and preserve o

e Percolation effect: Charge carriers “select” low
resistivity path while phonons scattered by
nanoparticles

SBN50 nano mlcro comosﬂes




Intensity (arb. units)

3

On-going work (2): Texture by Sinter-forging ™

- Sinter-forging at 1300 °C (002) {  Anistropic grain growth and (00l)
with 10 MPa of pressure texturing induced by uniaxial loading
i
N\ NN ~ SF: Cross-section ! ?.w,\\
i (410) ‘
(320) (610)
SF: Surface
<— (311): Largest intensity 5
in polycrystalline SBN S
H
Randomly oriented E
............................ 2 o0
20 25 30 35 40 45 50 = 200 250 300 350 400 450 500 550
20 (°) Temperature (K)

*Lee et al., Appl. Phys. Lett. 93, 031910 (2010)

e Texturing successfully achieved by sinter-forging at 1300 °C

e Increasein T from 1250 to 1300 °C; (311):(002) ratio decreased from
1.46 t0 0.12

e Enhanced TE properties expected for SBN along c-axis (in progress).



On-going work (3): Chemical Reduction FYe3

Currently developing strategy to chemically reduce SBN
through incorporation of heteroatom dopants with higher
valency than Nb.

: _ o o 1
MO3 SBN )MNb—l_e _|_30(); <’\:> O, —)VO +2e +502(g)

where M= +6 ion, such as W, Mo™®

Chemical reduction without removing O Physical reduction by removing O
seNso A2l | AL
l : A2
| les! 1026V O-vacancy
: :
| I
S
W:SBN50
Sry5Bag sWq ,Nb, 50k
(S50W1N9)
<« 0.75eV
TS s New Mechanism

140 138 13 134 132 130 Of Reduction
Binding Energy (eV)



Overall Summary

Suitable methods to fabricate and reduce polycrystalline SBN
specimens with range of compositions were devises

Fundamental insight was gained into site occupancy and the effect of
reduction on local cation environments

TE data was successfully obtained; a change in sign of do/dT was
noted and a parallel rise in |S|, o were observed

Thermally activated polaron hopping was shown to be a likely o
mechanism in SBN

A degradation in ¢ was noted for SBN after initial testing, and a
possible mechanism related to grain boundary passivation from
reduction was 1dentified

To finish this project

Micro-nano composites for optimizing TE properties
Texturing experiments to exploit SBN anisotropy
Chemical reduction (1.e dopants) to increase the electrical conductivity



List of Publications

“Thermoelectric properties of reduced polycrystalline Sr, :Ba, sNb,O, fabricated via
solution combustion synthesis”, authored by Christopher S. Dandeneau, Tyler W.
Bodick, Rajendra K. Bordia, and Fumio S. Ohuchi, Journal of the American
Ceramic Society, 96 (2013) 2230-7.

“Site occupancy and cation binding states in reduced polycrystalline Sr,Ba, ,Nb,O.”
Christopher S. Dandeneau, YiHsun Yang, Benjamin W. Krueger, Marjorie A.
Olmstead, Rajendra K. Bordia and Fumio S. Ohuchi; Applied Physics Letter 104,
101607 (2014).

“Correlation of thermoelectric properties with local electronic and chemical _
environments in reduced polycrystalline Sr,Ba, ,Nb,O, ” Journal of Applied Physics
n preparation.

“Thermoelectric properties of reduced polycrystalline Ca,Ba; ,Nb,O4 and the effect of
polarized nanodomains” Journal of Vacuum Science and Tecxhnozlogy Ain
preparation.

“High temperature Seebeck tester” Review of Scientific Instruments in preparation.



PANT OF
o> 2\
A @
2N &7
y -



