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Thermoelectric properties sensitively reflect the topology of the electronic band structure and hydrostatic pressure
is the useful parameter to control the crystal structure and the corresponding electronic state.Measurements of the
variation of thermoelectric properties accompanied by the topological change in the band structure could disclose the
unique features of the relativistic electrons in condensed matter systems.In this review article, we describe a method for
measuring the Seebeck and Nernst effect under pressure and report an actual application in the topological nodal line
semimetal PbTaSe> in which the topological band structure, nodal line (ring) structure, was changed by pressure. ¥
In PbTaSez, application of a relatively low pressure, ~ 0.3 GPa, causes a structural phase transition and annihilates 2/3
nodal rings in the momentum space. Our systematic study of pressure dependence of the Nernst coefficients reveals that
magnetic field dependence of the Nernst effect dramatically change through the structural transition. We consider that
Berry curvature-induced anomalous Nernst effect reduces with relative to the decrease in the number of nodal line
structures. We expect that under-pressure Seebeck/Nernst measurement, which are sensitive probe to the electric
structures, greatly contribute to the study of not only topological materials but also various other materials.

Keywords: thermoelectric measurement, hydrostatic pressure, topological state, anomalous Nernst effect, structural
transition
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Schematic of the Seebeck and Nernst effect.
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Fig.2 Schematic of topological band structure in topological
metals. (a) Dirac/Weyl cone in Dirac/Weyl semimetals. (b) Nodal
line structure in nodal line semimetals.

KR ENERTE, 2hoZ bRu Y ug L s, 9
ZOMVEN FARa I ENE D T, BEEIZITR O
A EHWT, Fr— 3 BEoxE) AU IS
FGUT 4R LTINS PR PV EHEL, 6
DNIEHWARMEEZRD Z L 2O DIVLERH DA, hRnm
CHNEEEEWINDIMEREZ OV TIEE T ORIV
X —IREEAHF B ST BN RS ITHRIE 72 2 B BAR 23 A2
bolca— MORENFET 5 L, (B TIEWVwn)
AR HMZIEARR (F) @BETHDH LN D,

FﬁBVﬁW¥$Eﬁ&H%%bé@mm,:@:—V
ANV Ry (Fig.2(a)) 12 & » TRiik S5 Yhi 11

Z 9 LEEBIE e/ RgEUCRLIE S 5 MR 11, 74
7/7 T A NRLTF LT, b &b EIERRTF o To

FEXRTH-1ZN, WEF THLRBEORER TR S
50:m?4ﬁy7-74wﬁ¥®%@@—0ﬂ#5%@
RY—ffE b2 ETH D, N —NH & IERE AR
IR D K 9 IR Z L S 8- BRI B T I BN B 47
HEOZETHY, T4 T v 7 « UANVRTIXEE OE
CITRRDZAR) —IREEZEETS.Y ZORY —{0f
BRI, ECIESEMEN 28580, RlEELIc k258
T ORERRR LICEEERITT RO TND, S
DIZRY (L FANFET 25 E8121E, XY —fhR LT

,&ﬁﬁﬁi®ﬁﬁm&m%ﬂff¢é Lihy,
BROBGBIZ L 20— Y DL 51T, HERIFOEE)IIE
%%QK,Eﬁ%&%%ﬁ%%%%t T, FRlZHRL R
FARERY —fRIIBBEICER LTS, RN
Ridv— 1 Y I L YR ORT R OB L - T4
CAEMHALE, XU —RIZORYS L REOIHR % 1
725 L, W@ OYLEGERNCN %, RARRZRBIIC L AR
M~DKTFOBE & LT (Figd), Z DR %R, ~U —ihk%
FFOMETIX, BEDA NI =ALZL DNV A MR
Mz, NY—fRIZL DA MNIRBEND, T DN
V—hRIZL B RNV A IR ERE RV A IR LW
V. TIT, BEFNCANHRLE, ARITHEBLE
FOMBMEE TR LN DRV A MR ES L, ZDASD
= X AITIF AFBACIZ X 2 R SIS RE O L O F5 R4
LY —fisRicLsb0L, BRE—AY MILDFY
V7 OEIZE Db ORH D, LizB-T, BEEIZIZET
T A NHERE, N —RIZ L DRV R MR O
EETSETEHARY, LrL, AR cEERTE XU —
HRIC LD 3L A MR E [ hRa U—F B Rl
A BRI S L, TR — il SEafi B r oL v A R
LIESZ EIZT B,

INET, HEWEN FRu T hIC #aw&mv&a
D% EERAICHR~2121%, AESRLE Y. (Angular
Resolver Photo-Emission Spectroscopy, ARPES) 72 & D/ > K
3 & EREBLN T A EBR ATV, Bk L7aRra DN R

Netsu Sokutei 49 (4) 2022



HKEFTTOE—y 7

ENFIET DN ERRDLONEL Y —Cho7z, LaL,
%ngmﬁL%io%D&%mfééﬁfTMm%ﬁi

, REGEHYEhEER COEBRDBMLETH D L, LBk
z»mb\, — T ORY — R R L R SR
MEHLR B ERBENONVITERNAETH Y,
ARPES FEE72 Bl D & EBREEE LK<, WEMN bR e
CHVICHEBRRHTH DN RRL BHICHDLH/ N7
V=)Ll oTWND,

3. /=554 F£E PbTaSe,

:hif_%Eéhtbfm?ﬁwéEiJhﬂ@®i
ISR A BN B Beze i o 0 ot iEI =S CHgiR+ 5 b
DTH-T=, Ziul iq“b THER RSN ) —Z VT4
ol & MHEN AW T, BRSNS SR O 1 kot
fEIk=AR E 1LY y&“ﬁf%ﬁa& L7z, Fig2(b)D X 5 723
MEEEZR L TWD. 5 (EkDT 1 Z v 7 « UA VAR
FONRY FREE L 1L, MEROWRITCHENRR->THEY, &)
Wo TN D O NERED TR Y, O ER
MThh T 5, 1820

D) —ENTAEERO—DE L THENTVAD

2, SEONEWE TH D PbTaSe: Th D, ZOWEITH
nay A RgxFEkElL i (Se) LEBAERETEY ¥V (Ta)
NIEHEAS LT TE - @IRWE TaSe: DJE I Pb TR M55
Fo T TEB_IRTWE TH 5, &N E LT
Fig3 D=y hENLERD L DTN, Ta Eyﬁ@
NS IE I BRI A B D 12D, i i 1 o0 S s o i
DN TWDRIZHD, Tk, SFPEORBN» S A
U5 A UHLUEMAERNME X, BT RORE MR
J 5, FORER, KWETIIAE UHMBOMRIT =/, —
EEN BT 5 2D, Z OWE P CITIEZER R O 3 2 ETic
W — FREENHEN D (Fig3 £TX), Z Ot/ — Mk
W, N2 R & BRI 5 ARPES ERIC L - CTHE
DHERINTED 2, B/ — FEEICEA OBEN BN 5
eI END,

7, KWED Po A MIT7 7o TAT—LANT
TaSe: JB L I HEA L TWA T TH D - il & <0
T, Pb B TIE Se JHFOE FICESI L TWAD, =
FEANEBRICT 5T, 390 Se RN T =ATKD
HULMZ Pb SELE SZIE 9 kv, LA -TC, 0.3 GPa
A% O B AR W FE K E T C PbTaSe: (3§ 1E M58 2 1
9B EATHIZEICRB W TCIE, [EN FICBiT 5 BRIENER
MEE®EL T, EHREMROIERITITHOIL T DIED,

HERFIEMN S, WSS % OB TIREBOFHEITHOILT
W5, 1) 2 OB RHERE RIS T, HEEREEBE TIlE

(a) (b)
2 @& @ @ FRP basis
B==: |
®) oG] E-type thermocouple
ai = (Cromel-Constantan)

Heat sink E:
(Cu covered PET ) |58

Pb wire for effective
pressure reference

Seal ring
Teflon Cel
Pusher rod

H

7 mm

< R A MREHIE

Pbor-o 0 )
e0o00000
" BRI, ° X
000000
1 BRI o
000000 c °
L0

Crystal structure: hexagonal
Space group  : PBm2
Lattice constant : a=3.44 A, ¢=0.35A

Crystal structure: hexagonal
Space group  : P6m2
Pb position : (0, 0, 0) — (2/3, 1/3, 0)

Structural Transition
~0.3 GPa

Annihilation of 2/3
nodal line structures

Nodal Iine structure
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Fig.4 (a)Photograph and design drawing of piston type pressure cell (b) Photograph of Seebeck and Nernst measurement system in
hydrostatic pressure (c) Schematic of measurement sequence for Heater current, A7, longitudinal and transverse voltage (Vxx, Vxy).
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coefficient in the piston cell and He gas atmosphere.
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Fig.8 (a), (b) Magnetic field dependence of Nernst coefficient normalized by temperature at 0.09 (before structural transition) and
0.45 (after that transition) GPa, respectively. (c) Comparison of amplitude and behavior of Nernst coefficients between the Low-
pressure and High-pressure phases. (d) pressure dependence of anomalous Nernst component in PbTaSe:.
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