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Motivation and Overview

e Thermoelectric conversion: complex multinary compounds for

— large values of the Seebeck coefficient S
— high Peltier coefficients 111 = ST'1

e Knowledge of principal interaction mechanisms

e Requirements for thermoelectricas and scenarios for possible
Improvements

e Dominating role of rare earth ions for ground state properties

— Superconductivity

— Heavy Fermion behaviour

— Metal to insulator transitions

— Mixed and intermediate valence
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Formation of skutterudites
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Formation of skutterudites
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Formation of skutterudites

LaFesP1o, UFesPyp, ThOS,A Sy,
YbFe4Sb]_2,

Sml r4SbgGeg,T| C04Sb118n,
L8.9C04SD1039 44, ...

VIENNA
unfilled skutterudites
binary ternary
T4Xe2 T'aXe | T X | ToX'6X"6 ToT "X | T'aXgX"4 | T"4XgX'y
Co4P12 o Fe4Sb;|_2" Ni4P12 CO4G€6T95 FeoN [ 23)12 Fe4Sbgse4 Ni4P8Ge4
CosAS, Pd4P12 CO48ngses FGlegAS]_z Fe4Sb8Te4 Ni4Bi8Ge4
Co,Shy, CosSneTes Fe,Pd,Sby, | RusSbsSey Pt,Sb7 2SN g
Rh4P12 Co,GesSs Fezpt28b12 RU4Sb8Te4 Ni,SbgSn,
Rh4AS_|_2 Co4GesSe; RusN | zsblz O&SbgTe4 NisAssGey
Rh,Sby, Rh.GesSs Ru,Pd,Sb,,
Ir Py | I'4Gess6 RUzptzsb]_z
IrsAs, Ir,GesSes
Ir,Sby, Ir4SNeSs
|r4snsses
Ir,SngTes
filled skutterudites
ternary Quaternary
EpT4X12 EpT' 4(X1xX"x)12 EP(T 1.xT"'x)aX12
T = Fe, Ru, Os T =Co, Ir T=Fe T =Co
X =P, As, Sb X =8h; X' =Ge, Sn X=5b
Ep=Ca, Sr, Ba, La, Ce, Pr, Nd Ep =La, Nd, Sm, TI Ep=TI
Sm, Eu, Gd, Tb, Yb, Th, U Lalr4SbgGeg,NdIr4SbgGeg, TlF@COgg)]_z

metastable partially filled skutterudites:

EpiyFesSbiy; Ep=Na,Y, Hf, Sn, Lu

Ep1yCosSh1o; Ep =Sn, Pb

e [/ subgroups

e stable binaries
with Co, Rh, Ir
and P, As, Sb

(2 compensated
electrons = dia-

magnetic semi-
conductors
e ternaries are

electronically
stabilised.
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Filled skutterudites
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VIENNA

/

el.positive
element
(e.g. Pr,Nd

Sh, (P,AS)

\‘

d-element
(Fe, Co,Rh ...

N

‘V.

Filled skutterudites

‘/

structure type: LakesPqo
(CoAss-structure).

lattice parameter:
a=9.127 A (PrFe4Sb12)
a strongly dependent on
pnictogen atom (change as
large as 15 % )

RE ion sixfold co-ordinated
by X.

extremely large atomic dis-
placement parameter of fil-
ler elements; increases with
Increasing cage volume; in-
creases with decreasing io-
nic size.
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Pr-based skutterudites
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SIENNA Pr-based skutterudites

e superconductivity in PrRusAs o (Shirotani et al., 1997) and
PrRuyShio below 2.4 and 1 K (Takeda et al., 2000);
e a metal to insulator - and structural phase transition in
PrRu,Po at Ty = 60 K Sekine et al., 1997, Lee et al., 2001,
e Magnetic ordering at Ty = 6.2 K in PrFe P15 (Torikachvili et
al., 1987) . But: antiquadrupolar order parameter? (Hao et al.,
2002)
— Kondo-like anomalies; C,,/T for T' — 0 shows a huge value
of about 1.4 J/molK? (Sato et al., Matsuda et al., 2000).
— de Haas van Alphen measurements evidenced extraordinary
heavy electrons m ~ 70mq (Sugawara et al., 2001),
suggesting strongly correlated electrons.
e Superconductivity and heavy fermion behaviour in PrOs;Sbio
(E.D. Bauer et al., 2001). T. = 1.8 K; I's non-magnetic ground
state.
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Electronic features and interactions of filled
skutterudites
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Electronic features and interactions of filled

VIENNA

skutterudites

|-
Hybridisation and band positions e Kondo effect (Ce, Yb, Prl);

. . . e RKKY interaction:;
in skutterudites (Harima 2001) . e
e-p mixing T-d-bands position ¢ CryStaI fleld Spllttlng;

P | As Sh P As Sh — non—magnetic CEF

Fe small B shalow .
ground state possible for
Ru Ru  deep * shalow non—KramerS ionS, e_g.

Os Os| | Pr:
¢-f mixing 4f level relative to the valence bands | quadrup0|ar moment
P A s P As  Sb 3J2 — J(J + 1) possible;
-- ‘ e p — f mixing plays a crucial
Ru role

Os

ow e large coordination number in
skutterudites
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Magnetic order in Pr;3Fe Sb
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Magnetic order in Pr;3Fe Sb
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Magnetic order in Pr;3Fe Sby,:
elastic neutron scattering (ROTAX at ISIS)
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Magnetic order in Pr;3Fe Sby,:
elastic neutron scattering (ROTAX at ISIS)

PrFe4Sb12 1.4 K (middle), 15 K (upper), 1.4-15K (bottom) ® no resolveable in-

bank1.b1

tensity between low
and high tempera-

JU U\V = tures - neither at
: nuclear Bragg peaks
(FM state) nor at

— — additional (hkl) va-
w lues (AFM).

1 e FM more likely

5 10 15 20 .
. e some corroboration
d-spacing [A]

by B. Maples group.
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Magnetic order in Pr;3Fe Sby,:

1SR spectroscopy at ISIS
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zero field uSR spectra at various
temperatures

e damping at high tem-
peratures dominated
by static nuclear mo-
ments;

e decay functi-
on: G(t) =
aexp(—A)KT(—ogrt)
T = 15 K:
A = 0.045 ps i,
o = 0.14 ,LLS_l

e damping rate o increa-
ses with decreasing T

e NO sign of frequency
fluctuations due to Pr
ordering!






