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RXONBEDOEST

Thermoelectric has emerged as a promising power source for IoT (Internet of Things) sensors. However,
challenges persist in reducing thermal conductivity and further enhancing the performance of thermoelectric
materials. While significant advancements have been made in producing low thermal conductivity materials and
measuring the macroscopic thermoelectric properties of them, the microscopic understanding of phonon
properties and scattering processes responsible for low thermal conductivity remains limited. Recent researches
suggest that optical phonons, previously considered irrelevant to thermal conduction in solids, can influence
thermal conduction through optical phonon-acoustic phonon scattering processes. They may even contribute
directly to heat transport in low-dimensional materials. Consequently, experimental evaluation of phonon
properties at the microscopic scale in semiconductors has become critically important. This study aims to
investigate the phonon temperature and phonon anharmonicity in micro-regions via Raman spectroscopy. By
introducing a non-contact and non-destructive approach for evaluating phonons in thermoelectric materials, we
expect to make a clear understanding for the origin of low thermal conductivity.

First, the optical phonon temperature, which is determined from the intensity ratio of anti-Stokes and
Stokes peaks, were measured for van der Waals layered crystals, providing experimental insights into the energy
relaxation processes from optical phonons to the lattice system. The result reveals that in the optical phonon
temperature in MoX, (X = S, Se) single crystals becomes lower than the lattice temperature under the laser
irradiation, suggesting that a local thermal non-equilibrium occurs, owing to the decay in the phonon distribution
caused by the mismatch between the generation and decay rates of optical phonons. This mismatch may be
originated from the high order phonon-phonon scattering process.

Building on these results, the phonon behavior and phonon anharmonicity of commercial thermoelectric
materials SboTes and BixTes.«Sex was investigated. By analyzing the full width at half maximum (FWHM) and
Raman shifts of the Raman peaks, the phonon anharmonicity in Bi»Tes«Sex (x = 0-3) has been fully evaluated
quantitatively as a function of Se substitution. The results revealed that, despite crystal strain and variations in Se
substitution, the third-order anharmonicity predominantly contribute to the phonon scattering processes in all
samples. In contrast, higher-order nonlinear anharmonic terms (fourth-order and beyond) showed minimal
contribution. This experiment emphasizes the importance of third-order anharmonicity when analyzing
phonon-phonon scattering and thermal conductivity properties in this system.

Additionally, the Raman spectra of the new thermoelectric materials AgzSnP;, which exhibits extremely
low lattice thermal conductivity, were measured. The assignment of Raman peaks was confirmed using Quantum
ESPRESSO, and the anharmonic effects of phonons were experimentally investigated. The result shows that the
peaks below 100 cm™ correspond to vibrational modes associated with Ag or Sn atoms. The low-frequency peaks
are attributed to vibrational modes of the Ag 4f site, exhibiting strong higher-order anharmonic vibrations, which
suggests a link to the anharmonic vibrations of Ag atoms. This observation is consistent with first-principles
calculations explaining the origin of the material's low thermal conductivity.

KEYWORDS: thermoelectric materials, phonons, Raman spectroscopy, anharmonic lattice dynamics,
micro-regions measurement
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IKIRBERA A R & U CEN 2/ 2 BVERBHINICB\W T, Z 00 & 72 2 BVE A B EH I m itk sE (ko
TZDIRWAMRERZ RO Z E M ETH L. — HEBRENRBLEN DL, ZOEMEOFRTED X
AT FNAX —PNHHR LR E L TER RN —ICE RSN EWHLNNCT L b EETHD.
R TIET ~ L BELEEZ TN T () BB DE SRR L O RO RN ERE, (2) EHENEM
BEOARNBYRE R OEJEOMA, (3) Hiar Y ACWBEMEIOIERI 7 + / O 4@ U T, [ER
W O JR TR EE B EE OFEST & =RV F—HOREBEEZ A O M L b D TH D,

(1) ERBE MoS, ZET NMEE LT, A M=V AT UHELEE TV F A b— 27 ZAHELE ORI L O R
JERAFE AT 92 2 LI L 0, SRREHR O RFTRERNE 217 o 72. T OfEE, REIORE L 7~ U #il
THMP SN RFTEEICEZNBND Z EBH LN E o7, ZOJRRZFEMICHT T Z 212k, L—
PR ST I BB AR TR A L CTHER A~ R F — 23R LT < BUEFNIRE TRIE X
DR, 7~ aREEICR T 2 5REBICRCEEINL Z L2 bnic L.

(2) BIEEMALSHALEH EN TS Bi-Te-Se REEMEOBYRE L MEWE B OfFHIZXT LT, Z
~ VB — 7 OENE OIR AR FME A Balkanski 7 V& W THIT 21T o 72, ZORER, 7+ 7 VIEHTN
FROTIE 3 RDER Sy MBI TH 0 GERDTHUCIK LT ARDIEFFBNTIE L A EFEL RN L E2YD
THLMC LT, A RO T + /) » O KIBEIREN ORI & 72 5720, ZOpFIE, Bi-Te-Se KD
BREROFRNE, 7y Y 7R ED XD RKRIRGIRENS 7 4/ VA BELT 52D TIERnWEFE5 2 L
ZHAEICOR LTS, EHICEAYELY RT UV ELBLEZRAWEEETF 7~ HENS, ek -IRE)
DEGMZE R LZRIC oW T HO Rz iz 7.

(3) M7 + ) VIREBOFENEGRIC TR I N TN D U AL EVEIEL AgsSnP 122\ T, [AIEEDO T
EEHWTHE L., ZORE, KX LF—DT7~ 0 NiT Ag JFIZHEK, Rt —DT <
SNy RIEP OSEREEICHKTL2HDOTHHZ EEZHLMNT L. S 6P OSREEE— Nix 4 koIk
FFIEZ & ERVDICK LT, Ag B— FIZIE 4 IROIFEFFMENZENTWD Z L2 FERIITRL, 20
WE DIRNEYRE N Ag D KRIRBIRENC L2 7 + / VEELCEK T 5 2 & 2 FEBRIICH 2N Lz,
PLE, RESUT 7 ~ U BEL EEE O TER TO RV F—HiBR 2B S nIc Lz b O TH Y,
FIRHNCEIRT 2 & TANRKRE V. & OICIHHEMFBPNRERIEEOMWSL L, SIERRENEM B O GHEE &
WIS EOB RS HEZ TS, KoTHEL (%) O e LTHAMMEH D H D L.



