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DOSGeTe
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Temperature- dependence
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DOSGeTe

Temperature- dependence
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Summary- GeTe
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Halt-Heusler
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ZrNISnBulk properties
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phonon DOS

Density-of-state: ZrNiShn, Sh

Temperaturedependence
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Density-of-state: ZrNiShn, Sh

Compositiordependence
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LOTO splitting
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Polar optical phonon scattering
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Screen effect and Carrier scattering
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Aliovalent doping vs isoelectronic alloying
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FeNbSlky; DOS
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FeNbSHPhonon softening
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FeNbSHPhonon avoid crossing
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Summaryc Half heusler

— N — R —————

A There exist LATO splitting and polar optical phonon scatterings, in
ZrNiSn.

A Proper electron concentration could lead to a breakdown of the LO
TO splitting, screen the polar optical, ionized impurity and grain
boundary scatterings.

A Carrier scattering phase diagram was established

Ren Q, et al.Establishing the carrier scattering phase diagrardidrSn-based
half-Heusler thermoelectric materialdat. Commun11, 3142 (2020)

Han S, et al. Strong phonon softening and avoided crossirgjiovalencedoped
heavyband thermoelectridNat. Phys19, 1649 (2023)

Shanghai Jiao Tong University



Zintl-phase (11-1)
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Heat Capacity
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Zintl-phase diffraction on Cu/Ag/Zn
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Doping and temperature effect

Accumulate B, ., (A?)

Temperature (K)
2 2 B B B E

£ o

g I

Temperature (K)
z

100

Temperature (K)
E E E !

£

By By By Bn By By

Sr Sh Cu

2

Intensity (b, units)

Intensity (arh. wnits)

Tatensity tarb, units)

By By
Sh

Intensity (arb. units)

226
d(4)

0.95 mm——

2.262.16

By By

Ag

" 11.00

218
d(A)

Intensity (arb. units)
0.55 W m 8.00

238
d(A)

240

213
d(A)

Intensity (arb. units)
0.64 W

233
d(A)

235208

. 450

210
diA)

220

215

By Bz By By By By
Sr Sh Zn
d
4528 . SrCuSh e
4524 - ~
4519 o
,»'-’
4515f =
4768 - 5rAgSh e
-
—~ 4763 -
= e
o 4758 .
4783t
4,680—‘ < ISrzznéhz ' ‘ ;
4675 o
4670 -
ag65f .
0 50 100 150 200 250 300
T(K)
g
—o— SrCuSh
1003 sragsh
—o— 8r,ZnSh,
1.002F y
g
@ A~
1.001+ ,/«’j/
P
—
1.000 po=—o"

0 50 100 150 200 250 300

T(K)

" From Cu to Zn,
.« U Srisregular, Sbis and Z
are more along-@xis
™ 0 Values of Ag/Cu smaller
than Zn
T-dependence,
U Ag/Znto Cu,pand inw ¢
and contract alongy
U Different thermal
expfansion rates
::z —o— SrCuSb ///_g/-/" 1:: —o— SrCuSb P //
o I s B
0 50 100 1—1?;) 200 250 300 0 50 100 ]—1;00 200 250 300
h i
— RAr¥

0

50 100

150 200
T(K)

250 300 0 50 100 150 200 250 300
T(K)

ao Tong University



Inelastic neutron scattering on phonons
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U Ag/Cu: three sharp phonon bands; Zn: two bands;
U Sound velocity: Cu > Ag > Zn;

0 Agrelated phonon modes (1@eV) softening; Zsrelated softening/ bro&dénin
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(110) plane

Sb-X atom
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Charge density differences
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U Covalently and locally shared charges move from Zn to Sb
--- electronegativity discrepancd§ more ionic bond
---bond broken irf(vacancy)Sb] sublayer

U Polyatomiecentratshared charges disappeared

U the charge around the Sr ndnvial changes




Summary- Zintl

wSrCuSK: SrAgShb

--- Regular heavy ions of €\g Oi%a
Sr/Eu

wWSKLZnSh, O 19y

--- Unlike rattling for some phonons O Q 6

--- Aliovalent Zna* for Cu/Ag* induced vacancies to; o O

weaken the interand intralayer bonding ,1 \"é Qﬁ Sbo

--- All atoms easily shaken by thermal fluctuation
--- Strong anharmonicity

wVacancies Is more complex.
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