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Search for novel physical properties in spin-orbit fluctuated systems
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In this project, we searched for novel physical properties in chemically
substituted pseudobrookite Ti305 with enhanced spin-orbit fluctuations. In the low temperature f3
phase of Ti305, a spin-singlet dimerization between the neighboring Ti3+ ions occurs with
accompanying Ti3+/Ti4+ charge ordering. We succeeded in growth of the single crystals mixed with
AITi205 having the similar structure and found that the a , A , and B phases sequentially appeared
at room temperature with the change in the Al content and that the correlated conductive state where

the dimer correlations strongly remained were realized even in the paramagnetic a and A phases.
Furthermore, we found unique magnetic properties and relatively good high-temperature thermoelectric
properties, originating in the fluctuations of dimerization, near the phase boundary between the A
and B phases.



B X C—19, F—19—1, Z—19 ({38@)

1. WFZEBRME L IO 5

TN, BB KRS, BB E R, EVWE T, ORISR oL R ETY
PIZ MEFOREAE U RBEFIUEORE D & LIBBREFOMBENERE 25, Zhb0ETFH
G, BEEARM 2 R —7 Lo &R - 8RS0, BRx REAEERORIC LY A8 - #HlEE—
A2 N OFES ENEERHE KT 2B I OBRAER e SIcB W T LR LRI ER D, A
T, AV fEE— AL NOREDL INERT 2R 2R LML T2 & %
Bfs L7,

2. WO HB

AMTERE T, R TR LAY Y - BB D T OHIEOBEMEO B 2100
TV ERRE LT, T ORIWITKR LT, i 22 @B AT - §uEdEy iy e o Bk i E ks X 0wk
M AR, RS T ST AMMENT- A Y L « $ERE D X Lk - BV o FH RS 4 R
ET DN BVERE e EoRIME, BERMEERET L) EAMEOBRME L-, FFIC,
AFRE T, B EFRFICA E—EEO IR E R T 287V > 14 NREY Ti0s
CHERWEICEH LR E R E MIERR AT o T2,

3. WrFED kL

(1) HfEMmE R

BTV A NUER L) AlTiOs & Tis0s DR (AlLTin0s, 0=x=1) OHfEHZ 7o —
Ty T =ik (FZ 1K) ICLVETFERAK T CTEMR L, £ TO x OBV CHE LA
BT DI LIRS Lz, [1] £72. FZIEICL Y, FUET L v A MRS 28> MgT,0s &
Ti;0s DiEEE (Mg, Tin0s, 0=x=1), BX O, FHEME TH DA VAT A MNMUEREY) MTiOs
& aZ o H LR TiOs DR R (Mg, TiinO03) O—BOMBIRIZ BT b G as B IR
L7z,

(2) YpiEREAm

OB ORI B U Tk Mok XORREIHTIC & 2 M f# AT, SQUID 12 & % fé /bl E
PO 11512 L D EBESIURAIER L O —Xy VR EREE 1T o 72, @R ORLRIE, FLEE
ENL BB CHEM L, B EREn 2 F R R CHE L, 7 U= iEIC X DR AL
H U L TR HE R TITo 12,

4. #F7ERkE

(1) AlTi,Os—Tiz0s IBEER (Al Tin0s, 0=x=1) (28T DMK

RRETIL, BE7 )V A MRS A2 F2 AlTihOs—Tis0s 1Bft32 (Al TihnOs. 0=x=<1) O4
FLAR CHEAHO BB RICREI L, KRELRMRZER L, K 1 2R ERT,
Ti;0s CHREZICEIVEND Z LM bA Tz afl, M A, BFE [2,3] X Al E#HT D Z LI
XV EETHERMCHND Z EbhoT-, £7-, CDW IRIEENIRE STV 5 [4] AlTiOs 13,
BTNy A MEED o FHITAHHY T D Z & b boo T,

AlTi,05 Ti, 04
600 —————————————

500

400 f

1 AlTi,Os— TisOs It R
(Al T Os, 0=x=1) OFAX [1]

' (K)

300 f & S O 00Lx

. 1 X OB TSR COBFR X 4
EIHTHIE OSSR, BRITESIEE—~
2 B! v JAREGHIE OFE R, ZofmoRea

i DFLFIIALREDOFER LV RE L
7o MHE BFHOFBER A (EED
[ 1 fEIK) 13, AFHE B FEDN IR B AT
(}' " 1 x 1 i 1 . 1 i i ﬁﬂfﬂy&fé}/)(b\éo

1
P

200 f

100 |




Ti30s (x=1) DAKIE B FHIZIB W TIX T/ Tit O EMIEFIME = 5 D & [RIRFC, BEgE Tid (S=1/2)
NAY L —BIED “BIRETER LIRS 22 Z LR b T, [2,3] ARETEONTZIR
fR DO HFE R OBUERIEIC L V. 2O " EROFEINEE OF R L Ebn T\ a F8E L
ICBWTHABELSEFETIARERD D Z ENbhoT, K2 ICHBROIBERF 27R~7, KR
TORAL S RS DI DABNEA A TH D TIHOEIL. a HHDO AlTibOs (=0) 2B\ T HIEX
E S TRENDMEL Y BIE20IT/hEW, 72, BRI OMARETE O TR I N DR
EITERAC, B 21RT L1, x DEENE & HIKIR TobITmE S b, B0 0EH
EIWZL D &L Ti MBI L IFIE B L TW=Z b, 2 b OB LRIE DR RIX. o
R AMFIIZIB W TS BRI OMHBENFIE L, x 2SI L B FEIZIE-D < 12240 TZ OFHEI A3
ELTWALOEHEIND, SHIZ, MHE BHOHEEREHEO M HIZEB W TIE, 150 K 3T
T7B— R — 7 R RS -T iR 245 < 2 & DBl SNz, 2 OREOIT IR
DEERBESE LD LD EEZBND,

5 T\ T - T T T T T T
x=0.25 Al Tt O
’C:()S 1x 2+x 5
~ 4 x=0.75 .
L x=0.8
_IF x=0
S 3t .
: <
2 x=0.88
ﬁ‘o 2 B 7
\9 ¢, ¢\ X2 Al Tiz0s (0=x=1) D x-T R
AT £=0.9 T 0.5 Tesla O FCORREHEDOHER
R, x=09 D AT U TR L, MHE BFA
g A —— DO — R L 5 b0,
0 100 200 300 400
T (K)

[ 312 AlTi,05— Tiz0s 1545 (Al TiznOs. 0=x=1) ® 290K & 1000 K OHHLR DK
X 4121000 K DB —_Ry 7{ZHEBEB NN T2 L DD, ZORMARDEXHPTRIT ML
BICB W THZARNRIEE N2 R TS, WO REY b _BEERORS E 0K bR S
TS AFEE B OB R C, BOBEBXUZEL 27T 2 N3 L0 bhnd, x OHEN
(2 & D T OEMT — EAMEBEOREIC L VHEAS L, x OB L TUIEAES v U T
L L7\, D7, FERIE COREBEOBRGEIL, BISHEBEOREIC X RS
LR BIMSE T RHEER L, ROENBIH SN TWAZ Lk d b0 LB s b,

x DEINMH L THFR Y U TEIRELS B LANWED, K417 X 512, x=0 TOLEEHIR
T 7B — oy ZARET BN IR T I T K & il A FE B TR & CHERF L B, T
OFEF. AFHE pAHOEERITE T, EHLD 1/10 FEOREE HK 4271, 20X 5 72
BN - BVEREIT, BEXBEMATHS a tHE L FHICBWTH AR RGFET 5 BIKER O
HEMNKK L TWARREMEN B 5,

AlTi O Ti.O
25 35
10% | T 150 2.5
o ! A B Al Ti, O
| ' PF
10' | on heating 3 at 1000 K —> 12
|
: 100 | <
g ! S
5 | i > <
a 12 GPa on cooling 2 o
= ,lf 15 GPa i : “ 1 &
2 10 20 GPa l ' ' 8,
| H -
! i
10-24!\0\’\‘\’” {os
[07
10.3 1 1 1 1 0 1 L 1 1 0
0 0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8
X X
% 3 X 4



(2) HFBLWIZBIT 2 HER
O MgTi;0s—Tiz0s IfEHR (Mg, Ti20s. 0=x=1) DOHIEH B & WIERR

AlTi205_Ti305 /EUEEI%IFT%\‘ (All_xTiZerOS\ Oéxél) &:j%l/\fli\ Al biiﬁﬁf%ok?’:&’)\ Ti @ﬂ%K
fligid 3.5 iy S 3.33 flD LI RWEIPI TH -7, T2 T, Al DO VI Mg Z V7=,
MgTi,0s—Tiz0s iR (Mg TiznOs. 0=x=1) O HEEE K & PPN © AFRE CIlEil A7,
Mg XA CTH 572, Mg EdhR TiE Ti ORI 4 i S 3.33 i & AR D72, Al IR
R COHEmMEED D ENTED EEX T, MgIRESRIZOWTIL, ZiEsalt oG T BEIZ#
5] SN TWENEERICOWTOMEIT 2o 70, ARE T, Al FRRICGETHEAK T T
D FZ JEIZ K VIRIFE R T O CHRE LB K
IR T 5 [7] £ TIRIEE->TW5, 5%IiT.

AR & OHEREHC L D 7Ly A b LR I I
.17 > — B J A/ N T F
ﬁﬂg%”égiﬁg%lﬁa)ﬂiﬁ%fﬁ M LT 3 Mg, Ti O,
° 10° b \ X X

@ MgTiOs—Ti0s IEfbF (MgiTiin0s) DEAL 102 L ]
EWTERESR

a7 & DY) TiOs b | BERE T A3%t & —~ f $=0
B0 R —EEO KRR 6] T2 510 3
ERMbLNTNG, —5, FEREMEo L2 D T
F A MBS METiOs 1%, Ti Ok 4 o 10F 1
D RigiR Toh b, AFRETIE, 7L E ]
v HA MO MgTi;0s—TisOs 1Rih 0 HLf 10"k
B Rk A A L L ARIRIZ  MgTiOs — TiOs 1R At R g ]
(Mg Ti103) D% —HOMKIL CEH KT 107 L
X5 L [8] ZRHILE, BYEETIC, AT S~ s g
X7 x=1/3 OFEGEPERITIBNTA VAT A b 1031 ]

AT LADORGMERY KEITRT LD

(©, ORI R AR AR S L (8] 0 200 400 600 "800 1000 1200

FRILTWD, 4% ToMEE oSS TK)
BERAEIT. = O 7= 7R % OWE % 32 L %5

TWFETH D,

<5 3R>

[1] R. Takahama, T. Ishii, D. Indo, M. Arizono, C. Terakura, N. Takeshita, Y. Tokura, M. Noda, H.
Kuwahara, T. Saiki, T. Katsufuji, R. Kajimoto, and T. Okuda, Phys. Rev. Materials 4, 074401 (2020).

[2] L. N. Mulay and W. J. Danley, J. Appl. Phys. 41, 877 (1970).

[3] M. Onoda, J. Solid State Chem. 136, 67 (1998).

[4] T. Toyama, R. Ogura, K. Yoshinaga, S. Naito, N. Miyagawa, and E. Kaneshita, J. Phys. Chem. Solids
127,252 (2019).

[5] L. E. Grey, C. Li, and I. C. Madsen, J. Solid State Chem. 113, 62 (1994).

[6] M. Uchida, J. Fujioka, Y. Onose, and Y. Tokura, Phys. Rev. Lett. 101, 066406 (2008).

[7] REAKE, AREER, AR, MR, BEER, &4 126 [B] B ARWBLES UM SR BI=
HEZEE B-8 (2020).

(8] AmsEme, EZF, AWERME, REMFE, AR, SRS, BATE. AAYBEYERE
76 [EAFEROR A ZILE 14aH1-4 (2021).



6 6 0 2

R. Takahama, T. Ishii, D. Indo, M. Arizono, C. Terakura, N. Takeshita, Y. Tokura, M. Noda, H. 4

Kuwahara, T. Saiki, T. Katsufuji, R. Kajimoto, and T. Okuda

Structural, magnetic, transport, and thermoelectric properties of the pseudobrookite AlITi205- 2020

Ti305 system

Physical Review Materials 074401-1 11
DOl

10.1103/PhysRevMaterials.4.074401

Kenta Takahashi, Ryo Kato, Mario Okawa, Tetsuji Okuda, Akira Yasui, Eiji lkenaga, Kanta Ono, 88

Noriaki Hamada, and Tomohiko Saitoh

Electronic Structure of a Delafossite Oxide CuAlO2 in Comparison with CuCr02 2019

Journal of the Physical Society of Japan 074701-1 6
DOl

10.7566/JPSJ.88.074701

Ryoichi Kajimoto, Mitsutaka Nakamura, Naoki Murai, Shin-ichi Shamoto, Takashi Honda, Kazutaka 8

Ikeda, Toshiya Otomo, Hiroto Hata, Takahiro Eto, Masaaki Noda, Hideki Kuwahara, Tetsuji Okuda

Elastic and dynamical structural properties of La and Mn-doped SrTiO3 studied by neutron 2018

scattering and their relation with thermal conductivities

Scientific Reports 9651-1 8
DOl

10.1038/s41598-018-27984-z

T. Okuda, R. Kajimoto, M. Noda, H. Kuwahara 8

Schottky specific heat of the lightly Mn-substituted electron-doped SrTiO3 2018

AIP Advances 101339-1 5

DOl
10.1063/1.5042835




24 1

2021
Al1-xTi2+x05
2020
2020
Mg1-xTi1+x03

126

2020
Mg1-xTi2+x05
126

2020




Al1-xTi2+x05

75 (2020 ) web

2020

R. Takahama, T. Ishii, T. Okuda

Thermoelectric Properties of Pseudobrookite Al1-xTi2+x05 for 0 X 1

THE 19th JAPAN-KOREA-TAIWAN SYMPOSIUM ON STRONGLY CORRELATED ELECTRON SYSTEMS (JKT19)

2019

Al1-xTi2+x05

74

2019

Al1-xTi2+x05

2020

2020




Mg1-xTi1+x03

126

2020

Mg1-xTi2+x05

126

2020

MgTi03-Ti203

76

2021

Ti305

76

2021




X AIL-XTi2+x05 (x=0, 0.75, 1)
76
2021
Cucro2 CuAlo2
2019
2019
AI1-XTi2+x05
2019 ZAIKEN
2019
AI1-XTi2+x05
75 (2020 ) web

2020




T. Okuda

Hole-doping effect on the N&eacute;el state of delafossite CuCr02

European Materials Research Society (E-MRS) 2018 Fall Meeting

2018

T. Okuda, R. Kajimoto, M. Noda, H. Kuwahara

Schottky specific heat of the lightly Mn-substituted electron-doped SrTiO3

International Conference on Magnetism (1CM2018)

2018

Ti02

124

2018

Al1-xTi2+x05

124

2018




R. Takahama, T. Ishii, T. Okuda

Thermoelectric Properties of Pseudobrookite Al1-xTi2+x05 for 0

X 1

THE 19th JAPAN-KOREA-TAIWAN SYMPOSIUM ON STRONGLY CORRELATED ELECTRON SYSTEMS (JKT19)

2019

Al1-xTi2+x05

74

2019

https://okuda812.wixsite.com/mysite-1

https://ww.kagoshima-u.ac. jp/researcher/2018/05/post-13.html

https://grad.eng.kagoshima-u.ac.jp/researcher/

%e3%80%80

/

(Kajimoto Ryoichi)

(30391254)

(82110)




(Saitoh Tomohiko)

(30311129) (32660)
(Kuwahara Hideki)
(90306986) (32621)




