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(1)) Thermoelectric Devices

Peltier Effect Seebeck Effect
@ener ati OD L
Thermoelectric -‘

/ materials \ <;<>
.

Free & renewable
«Waste heat recov
eEnvironmentally,

Basic Material Requirements:
p- & n-type | high S | low p | low




(53) Conversion Efficiency

TE Figure of Merit: Electron Transport Theory
(single parabolic band)
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(53) Classic Materials

Freon-1




&) Application Examples

Heat Source Liner Thermal Insulation

Cooling Tubes

{ Distribution
Housing 1 Block

8 GPHS
Module Stack

Thermoelectric 2”7

Thermal Insulation




(53) New Materials Research

Find compqunds with new/exotic mechanisms that may

80’s Enhance S through strongly correlated electrons
allow¥me| degr &teaMy depemiin e, béowsta Seprsorductors...

90’s Reduce loss factors p and k. Slack (1995):
00’s | = “Phonon Glass, Electron Crystals” (PGEC)




(53) B-BagGa,,Sn,, Structure

Unit cell (54 atoms: AgX,)

2xBa1 (2a) - bcc
Dodecahedron (X,,)

6xBa2 (6d) - “fcc”
Cubic Pm3n (#223); a ~ 1.2 nm Tetrakaidecahedron (X,

)



(&) B-BGS Off-Center Rattling
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(&) B-BGS Off-Center Rattling

Articles published week of 28 JANUARY 2008
VYolume 9 Number

APPLIED PHYSICS LETTERS 92, 041901 (2008)

BagGa;gSnjo with type-l clathrate structure: Drastic suppression
of heat conduction
M. A. Avila,"® K. Suekuni,' K. Umeo,? H. Fukuoka,® S. Yamanaka,® and T. Takabatake'*

: 838G31 68"30

(N RIM

/Lowest k(T) of all
type-1 clathrates

Comparable to
amorphous silica
glass (a-SiO,)!

vy




(&) B-BGS Off-Center Rattling

JOURNAL OF APPLIED PHYSICS 109, 103704 (2011)

High thermoelectric performance of Cu substituted type-VIll clathrate
BagGaq6-,Cu,Snjzg single crystals

Shukang Deng, " Yuta Saiga," Kousuke Kajisa,' and Toshiro Takabatake
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(53) Can TE go “mainstream”?

Typical Energy Split in Gasoline Internal Combustion Engines

25% Effective Power:
Mobility and Accessories

—

100%
Applied Fuel
Energy
(Combustion)

5% Friction and Parasitic
Losses

30% Coolant

40% Exhaust Gas

Automotive \
Coolant and Exhaust
Heat Recovery

ZT=05-1.0
is acceptable, if
device is low cost

\ and light weight /




(53) Cases at Hand

» FeGa; (layer structure)

oo g2 03 0 Ga Foeio0,e g FeGaf C N O\
ol Ja e icely
o g PN ° Gaz
Hﬂéer@‘“—%" tractable
z d o -y —d del-
Nisig N i P—‘Ao P ? mo
:_‘ o Ta® g%, A0 system
-t — Y Y,
a8 I
Nightmare
to
understand
and model
the physics

Unit cell:
184 atoms
a-~1.5nm
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(53) Binary Semiconductor FeGa;

Journal of the Physical Society of Japan
Vol. 78, No. 1, January, 2009, 013702
©2009 The Physical Society of Japan

Thermoelectric and Magnetic Properties of a Narrow-Gap Semiconductor FeGajs

Yuta HADANO!, Shouta NARAZU', Marcos A. AVILA!,
Takahiro ONIMARU', and Toshiro TAKABATAKE!"?*
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(53) Electron-doped FeGa,

PHYSICAL REVIEW B 86, 144421 (2012)

Ferromagnetic instability in a doped band gap semiconductor FeGa;

K. Umeo,">" Y. Hadano,? S. Narazu,? T. Onimaru,? M. A. Avila,? and T. Takabatake®*
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Ferromagnetic instability in a doped band gap semiconductor FeGa;

K. Umeo,">" Y. Hadano,? S. Narazu,? T. Onimaru,? M. A. Avila,? and T. Takabatake®*
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FeGa;  Ge,: New Quantum Material
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(:3) FeGa;  Ge,: New Quantum Material

PHYSICAL REVIEW B 82, 155202 (2010)

Evidence for a spin singlet state in the intermetallic semiconductor FeGa,

PHYSICAL REVIEW B 86, 235202 (2012)

Pressure-induced metal-insulator transition and absence of magnetic order in FeGa;
from a first-principles study

J. M. Osorio-Guillén"
Instituto de Fisica, Universidad de Antioquia, Medellin, Colombia and Centro de Ciéncias Naturais e Humanas,
Universidade Federal do ABC, Santo André, SP, Brazil

Y. D. Larrauri-Pizarro and G. M. Dalpian
Centro de Ciéncias Naturais e Humanas, Universidade Federal do ABC, Santo André, SP, Brazil
(Received 13 September 2012; published 3 December 2012)

PHYSICAL REVIEW B 88, 064422 (2013)

Itinerant origin of the ferromagnetic quantum critical point in Fe(Ga,Ge);

PHYSICAL REVIEW B 89, 104426 (2014)

Interplay between localized and itinerant magnetism in Co-substituted FeGa;




Ga2 layer
Ge dopant

Fe+Ga1 layer



&) DFT

Emergence of competing magnetic interactions induced by Ge

doping in the semiconductor FeGa3

J. C. Alvarez-Quiceno, M. Cabrera-Baez, R. A. Ribeiro, M. A. Avila,* and G. M. Dalpian'
J. M. Osorio-Guillén*
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(1)) Magnetization
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(1)) Magnetization

60
Transitions from a Kondo-like diamagnetic insulator ~ 50|
into a modulated ferromagnetic metal 40f
< |
Yao Zhang,!* Masaki Imai, Chishiro Michioka,! Yuta Hadano,> = 30}
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(53) Cage Compounds RT,Zn,,

Six closely related YbT,Zn,, (T = Fe, Co, Ru, Rh, Os,
Ir) heavy fermion compounds with large local
moment degeneracy

M. S. Torikachvili**, S. Jia*, E. D. Mun*, S. T. Hannahs?, R. C. Black$, W. K. Neils$, Dinesh Martiens, S. L. Bud'ko*,
and P. C. Canfield*"
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(53) Cage Compounds RT,Zn,,

LETTERS

Nearly ferromagnetic Fermi-liquid behaviour

iNn YFex.Zn,o and high-temperature «
ferromagnetism of GdFe,Zn,q |
30
S. JIA, S. L. BUD’KO?, G. D. SAMOLYUK? AND P. C. CANFIELD'* ]
"Ames Laboratory US DOE and Department of Physics and Astronomy, lowa State University, Ames, lowa 50011, USA ”T‘ 25
2Ames Laboratory US DOE and Department of Chemistry, lowa State University, Ames, lowa 50011, USA Z |
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Multiband electronic characterization of the complex intermetallic cage system Y;_,Gd,Co,Zny

M. Cabrera-Baez,! A. Naranjo-Uribe,? J. M. Osorio-Guillén,> C. Rettori,"* and M. A. Avila"-"

PHYSICAL REVIEW B 92, 214414 (2015)
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(53) Exchange Bottleneck Effect

Exchange bottleneck phenomenon
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(2) Y1 -dexcozznZO

Multiband analysis
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Multiband electronic characterization of the complex intermetallic cage system Y;_,Gd,Co,Zn;

M. Cabrera-Baez,! A. Naranjo-Uribe,? J. M. Osorio-Guillén,> C. Rettori,"* and M. A. Avila"-"

PHYSICAL REVIEW B 92, 214414 (2015)
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(2) Y1 -dexcozznZO

PHYSICAL REVIEW B 92, 214414 (2015)

Multiband electronic characterization of the complex intermetallic cage system Y;_,Gd,Co,Zny

M. Cabre_ra—Baraz,1 A. Naranjo-Uribe,? J. M. Osorio-Guillén,? C. Rettori,"* and M. A. Avila"*

6.
ey 4
.é ot

0‘
Soa3f : {0.
« 02} : Jo.
S ot : ]
> 0. : .
o ;
g 0 Co : 0
9 15¢ : 41.5
[0 1 . d 11
= 4
wn O : 0
o 1t Zn p {1
o :

0725 o0 05 05 0 05

Energy (eV)

J7a(0) = 10(5) meV and J;,(0) = 22(6) meV.
J5s(0) = 167(7) meV (J3,(q))£? = 18(5) meV

AN

[ J¢(0) dominant interaction ]




(2) Y1 -dexcozznZO

PHYSICAL REVIEW B 92, 214414 (2015)

Multiband electronic characterization of the complex intermetallic cage system Y;_,Gd,Co,Zny

M. Cabre_ra—Baraz,1 A. Naranjo-Uribe,? J. M. Osorio-Guillén,? C. Rettori,"* and M. A. Avila"*
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(1)) Current Work - Gd(Co,_Fe,),Zn,,
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(53) Current Work - YbFe,Zn,,_ Cd,

Tuning the electronic hybridization in the heavy fermion cage compound YbFe;Zny,

with Cd-doping

M. Cabrera-Baez, R. A. Ribeiro and M. A. Avila
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(53) Summary

» Thermoelectrics

» Noble motivation to seek out next generation of
energy materials that may also feature novel,

exciting physics

» FeGa;

» Simple diamagnetic semiconducting material in
which surprisingly complex physics emerge with
Ge doping

» Complex cage compounds in which surprisingly
simple and tractable physics are revealed in the
non-hybridizing compounds.

Both cases successful due to synergetic efforts
between experiment and DFT simulations
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Design, development and discovery of novel
materials with academic or functional interest,

Strongly Correlated Electrons;

Termoelectricity;
Magnetism;
Superconductivity;
Quantum Criticality




Combine elements into compounds
MgB, , Yb,,MnSb,,, YBa,Cu;0O-, ...
Determine crystalline structures

Cubic, tetragonal, hexagonal ...
Characterize physical properties
Modify/optimize desired properties
Use as model systems to:

Advance understanding of physical problems;
Seek solutions for current application demands




Binaries
MgB,, YbB,, FeGa,, Yin,
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Ternaries

RT, X, RyTXe, YONIX, e
RPdAl, AFe,As,

?T4X12’ Yb14TSb11’ A8M16X30

Quaternaries
RBa,Cu,0-.,, RNi,B,C
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Prospection Status

Pure Elements [ 95%

Ternary Compounds ) 25%

Quaternary Compounds [ 5%
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