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Fig. 1. Three-dimensional schematic of neutron scattering.
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Fig. 2. (a), (b) Crystal structure and rietveld refinement of powder X-ray diffraction of Yb;MnSb,;!*J; (¢) X-ray absorption near
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Fig. 3. (a) Dynamical structure factor of Yb;MnSh,;*); (b) dynamical structure factor after subtracting the elastic line in panel (a)

and correcting it by the Bose-Einstein factor!*!; (c), (d) temperature dependence of the phonon density-of-states and reduced phon-

on density-of-states!!.
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Fig. 4. (a) Element-specific nuclear inelastic scattering spectra measured in Eu;,MnSby;, Yb;,MnSby;, and Zn,Sbs*; (b) partial and

total phonon density-of-states in Eu;,MnSb,; (top), the partial phonon density-of-states (middle) and the reduced partial phonon
density-of-states (bottom) in Yby,MnSb;;, Eu;,MnSb;;, and Zn,Sbs!*4.
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Fig. 5. (a), (b) Dynamical structure factor of Yb;;MnSb;;F!; (c), (d) phonon density-of-states and phonon band structure
Yb,,MnSby;!; (e) comparison of the lattice thermal conductivity of Yb;,MnSb,; with the simulated values of dual channel lattice
dynamicsP' %, gy, kgife represent phonon-gas and diffusion channel, respectively.
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Fig. 6. (a)—(c) Rietveld refinement of powder X-ray diffraction and crystal structure of TlInTe,, the anisotropic atomic displace-
ment parameters of all the atoms plotted as ellipsoids®™; (d) C,/T vs. T2[%; (e) C,/T® vs. T%; (f) absorption coefficient®.
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Fig. 7. (a) Atomic displacement parameters of T1%); (b)-(d) neutron-weighted phonon density-of-states, phonon linewidth, and

phonon lifetime of T1InTe,/03.
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Fig. 10. (a), (b) Crystal structure and powder X-ray diffraction of MgzSb,"!; (c) the noncovalent interaction analysis with reduced

density gradient as a function of sign(X,)p for the chemical bonds in MgzSh,/1%; (d) lattice thermal conductivity!01:102.
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Fig. 11. (a) Phonon density-of-states of MgsSh, and CaMg,Sb,!; (b), (c) neutron dynamical structure factorll; (d) calculated

partial phonon density-of-states of MgsSh,"!l; (e), (f) temperature dependence of neutron density-of-states, and compared with the

calculated results (black)®l.
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Fig. 12. (a), (b) Structural relationship between RbCd,As, and RbCd,As;""; (c) rietveld refinement of powder X-ray diffraction
patterns of NaCd,As;!""l; (d), (e) structural relationship between RbZn,As, and RbZnAsy''!; (f) rietveld refinement of powder

X-ray diffraction patterns of RbZn,As;12.
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Fig. 13. (a) Total thermal conductivity and lattice thermal conductivity of RbZn, ,Cu,Ass''?; (b) the isotropic atomic displace-

ments of Rb, Zn, As(1), and As(2)"2.
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Fig. 14. (a), (b) Crystal structure and rietveld refinement of neutron powder diffraction of SrCuSb['*?}; (c) Griineisen parameter of
ACuSbl'!, the orange, dark blue and burgundy dots represent CaCuSb, SrCuSb and BaCuSb, respectively; (d) isotropic atomic dis-
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Fig. 15. (a)—(c) Dynamical structure factor of Sr(Cu, Ag, Zn)Sb!'*; (d)—(f) charge density differences projected in the (110) planel!??;

(g) the anisotropic atomic displacement parameters, insets show the schematic crystal structures of Sr(Cu, Ag, Zn)Sb with aniso-

tropic atomic displacement parameters ellipsoids!'2?].
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Abstract

Due to the unique crystal structures and excellent transport properties, the Zintl phase thermoelectric

materials have aroused extensive interest in energy storage and conversion. To explore the origins of those

excellent performances, a series of experimental and theoretical techniques have been applied, such as neutron

scattering, thermal conductivity, and molecular dynamics simulations with machine learning. In this paper, the

progress of neutron scattering research on the structure and dynamics of Zintl phase is summarized, for example

A4MPn;; compounds with zero-dimensional (0D) substructures, 1D chains-based compounds, 2D layered
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Ay,BX, compounds (including the binary MgzShy) and their structural variants, as well as AB, X5, and ZrBeSi-
type compounds. The underlying mechanisms of intrinsically low lattice thermal conductivity in those Zintl
phase are discussed in detail. These compounds generally exhibit the following characteristics: 1) strong
anharmonicity, which is characterized by strong atomic vibrations and anharmonic phonon-phonon scattering;
2) weak chemical bonding, which usually leads to low sound velocity and interatomic force constants, and
corresponding to low-energy phonon branches; 3) intrinsic vacancy defect, which weakens the bond strengths,
softens the lattice, and enhances anharmonic phonon-phonon scattering. Neutron diffraction is applied to
studying crystal structures, lattice parameters, atomic occupancies, and atomic displacement parameters.
Inelastic neutron scattering measures the lattice dynamics, and density of states, which are related to lattice
thermal conductivity. Hence, the physical mechanisms of Zintl compounds are analyzed for optimizing material

properties and designing new functional materials.
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