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Ti,O IEG¥T 2 A9 % Fi =8 1K BaTi,PnyO (Pn = Sb, Bi)
Novel Superconductors BaTi,Pn,O (Pn = Sb, Bi) with Ti,O square lattice

PN
HHUREE: MR ZErT
Takeshi Yajima
Institute for Solid State Physics, The University of Tokyo

We recently prepared a novel titanium oxyantimonide BaTi,Sb,0, showing a superconducting transition at 1.2
K. BaTi,Sb,O represents the first superconductivity in a system with Ti*" (d') on a square lattice. 7, can be
enhanced by isovalent substitution of Sb with Bi, resulting in an enhanced 7; of 4.6 K in BaTi,Bi,O. Most
remarkably, the electronic phase diagram of the isovalent anionic solid solutions BaTiy(As,Sb),O and
BaTiy(Sb,Bi),0 revealed a two-dome structure in 7, indicating the multiband nature at the Fermi surface.

1. [FLC®IC

SIRBEEOEBLY, BEEMELOSBICEITS 1 DOREIREETHD. Eb MKRIZIEST
WEHRETH LD, I 5 miEBEEOFR I L - T, ERBEENH 0 HEBAA]
BETIERWEIICEXTE. Bk, LV EW TLa AT 2 BEADI A BIE L T b 2 WERE
HAMTOIL, MgB, RCERILR REBEARZR ENF A ITDy, SRRt 28 2 5 s S R IR 72
FER STV, FEEESC TR OMAS O HIIEMICH 570, WEHERIZBW U L0OF
WD % LICRREHH KD AT Z ENEETHD. BIREREROSE, | SOfEéE LT
DO T, 28T HBREK L AEE, B IRENEL LW EERET H 2 ERET o5, Sty
TRBREARDRHA & 72 2 La,CuOy4 1EK 1(2)lZ7 7 Ruddlesden-Popper (RP)RUEE %2 & 5. HEiENIZ CuO,
EFRF(R 10) 2 & s, Cu(d)DETFIRIEL L5 2 Linh, AR &° EFRTF2E8T AT
EEBM AN IR T 5 O TRV EERMTONTE 2. Bl 21F, Ag(d°) & &1 A,AgF, (4=Na, K,
Cs) [11° Ni'(d )& & te LaNiO, [2]72 &, JAEMWE OGRS SIS, FRE7R0 b BEEIIRE L
TRV, —5T, TP, Ve 8 d ' BREE L i o R ERF2a0 AWy, BIRE
- — VB & 720, SR EEROFEM E L THLETHA S . BIZIXAEVO, UE= TV
U R 13 RP BUEEEZ &0, D8 b ORHRIFIERIZ SORBEER T 23~ 2 & 0 b st s
BORBNRKDNHRF SNz, UL, &R LXy V7 R—7IZ XV E&EIKREIZe 5 L OB
HIIRH LAV [34]. PETFREITRRY, d"BFRITUT I SORESREERD D, ZIHF A
DENIBREEICHR T 2E O EARETH 5. BRI RINTVDD, SpVO, DL ) ICH—T =
VSR D EMAENBREE R AT D d BARTIE, FEAMBIETH D b6, HEOFHEOMRITIZL <,
1/6 filling T TIRHE & 72 B [5]. —HHELWIZIT D Cu DETIRAEW )L, Jahn-Teller 72 HIK LT
e ED AL, do » BUIEO halffilling JRAE L 72 5. HH DL, d' FERICHT DEELYELLOE
{RERGRRIC, BET =A  RMEE MR OFEMBENIREN G ThH L L Ex . RET =4
RLEM EVL, 1 DDOIF A NEEFEOT =4 BEALLIALEMTHD. Z DL 5 MbAMTIL,
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1 (a)La,CuO, DffiutE. (b) LayCuO, 127 £415 CuO, . (c) NayTipPnyO (Pn = As, Sb)Diidh
i, (d) ATi,PnyO (4 = Nay, (StF),, (SmO),, Ba; Pn = As, Sb, Bi)lZ & £415 Ti,O . (e) Ti,Pn,0 JEIZH
5 Ti OENERBE. (f) BaTi,Pn,O (Pn=As, Sb, Bi)Difhhitkis.

T=AUBORE S, ik, BEREMEOEWVCEI ST, BH—7 =4 RMEAWTIE e LiSRWE
R %ﬁﬁmﬁ}:%ﬁfwﬁ ELEREL 72D, ARRTIL, IRET =4 VENLE WV OB O L &, Frex
BT AU LT BT 2 % =27 2 A Rt (BaTiSb,0, BaTi,Bi,0) DAL & ASEIZHOU
THAST Lm\[é 8].

2. FRURZYURA FELY
ETVIIRBOEAR L LT X U FR=0 2 A FBREIZ DU T, NayTipPnyO (Pn = As, Sb) & Bl & D #i
paii, EIREEOBLS O LHAL X 9. NaTiPn,0O (Pn = As, Sb)IZX 1(c)lZ~d X 91T Na, B &
TioPnyO JEN A HACFEE L= @i 2 & D[9]. TiPnO FEIZIEX 1A~ Ti,O EFE 03 E Fh,
ZIUTERBA ) D CuO, I B IZ A F A, T =A v NS (anti-CuO, i) THDH. £
T3 MiZEE D2 E0b d IELFRENEILTEY, St & ORSEEIEIZE . TiPr0 &
BT Ti OFNEREET, K 1EITTTEIT2 0D 07 & 450 Pl ENT-IRE T =4 LV Ehr
Thd. ZORERRIRET =A VEULE WD I RBUA BRI R LT Ti @ 6, JUEHGHRDMET 2
ZENHIRFEND. EHITTLO WD £ 9 & dy BB LI Ti 8 ATEY, 4, BulEr i b ZEL
ENBEEZBND. Lo TINETO I BTH T =4 REAWITIL~, X0 SIREIST
{BREEPHIFFCE 5.
TioPnyO J& % ZTALAIE, NagTiaPryO 73 1990 FAZHMNIFE L SAIZD, D% 20 F-doFE D DO,
MR LA OS2 SN2 - 72[10]. LA L 2008 EICEM B RBIHEARNE R NS &, ([2hhs
=084 RuFE e atbEMOREINERIATON, F2%=7 %A FRREWIX, (StF)TiPn0
(Pn = As, Sb), (SmO),Ti,Sb,0, BaTbAs,O & i & FH S i7z[11,12]. T b OWEITWTid
Na,TipPr,O [Flkk 4° & & (Ti3+2Pn3*202*) JEDFERE Lo tiEE & 0, BEEIIRI VD, TRTOY
B HE U CRIE CRAECIRPUC B 2R3 2 E 03 SV TV A [11-13]. Z OB E XA



(CDW) F 72 B g i 1 ATi,Pn,0 (285 CDW/SDW $5EIRIE T, FRFUITEES

(SDW) THHLELNTND  Jugm U-giE. XFIi: CDW/SDW A3l L TW5.
73, CDW,SDW DELSLTH DA fTiyPn,0 | A=Ba | A=Na, | A=(StF), | 4=(SmO),
EPRTESIT DMET D FRAFEHLE  po—as | 200k | 320K | 380 KM ]
[oNTHLT, HR - WO pp=gp | 5ok | 120K | 200" | 230K
T 7™ & Ram 23 REV Y TV B[ 14-16]. Pn=Bi X7 - %7 .
Z DI OAFETIILIG Z DR E &
CDW/SDW #5f8 LIS Z L1235, CDW <° SDW 13, NbS, kR A8 /e LiIc R bnb X 5
2, LR USRS & BEBIRICH H[17,18]. %< DAL CDW F£721% SDW Z/RrI{baMicx v
U7 R=T7REAAINESTH Z & TRIZENRH L TEBY, FH %= %A R THIRRIC,
X U7 R—T772 CIC L DBEEORBNRF S D, FEEEIC Liu HIX Li'A A28 interstitial (ZFFA
Ih7z LiBaThAs;0 &KL, BT F—7I12L % CDW/SDW O 2 AT\ D, L,
CDW/SDW #5811 T,03 T, = 200 K (x = 0)/>5 x OHIINZHE BRI &, x ~ 02 FE T
CDW/SDW #5135 2ICIHAT 2 b O, BEEITHEL L 72 [12].

3. ¥E BaTi,Sh0 DERL L HBInE

WEBNI D72 DD, ATiPnO AALEY D CDW/SDW BBIRE T, 2 Ll LT % & 1 DDfHk)
MAEZTL D, TNENDO TLERLIZELEOTN, AL ABERET LA Pri=As LY H Pn=Sb D
FD TAIEL, Pn A b ORMIEELE LS CDW/SDW O, MUBERBICA THDH B2 LD,
ZZ T, Pn=As DILAHF CTIRL T, MRV A=Ba 203t » & bBEERBICALE THD EEZ, K
HEHLA T D BaTi,ShyO DAk E £ 314774+ 7=. BaTi,Sb,0 14 BaO, Ti, Sb % 1: 2: 2 DEIETEA L
Ta {ETEATHIEELA, 1000 °C T 40 FFEIBERTE, 25°C/h THRNT 5 Z LI X 0 1§z, L - IREH
PRI _RTN, Tliil= &=/ v —T Ry 7 ANTITo 72, HLNREHICRO KRR LZE TH 7.
SIRIZEBU DG X BRET, B8EXOFEFEITOT —2 005 U — b~ MEIZ X DS 21T -
7465, BaTi,Sby0 1XX 1(HIiZ/RT K 912 BaThAs,0 & [A U2 & 0, B TELNTND Z E03%y
otz (K2) [6]. Ti,O ESETNO Ti-Ti OREEEX 2.906 A TH Y, BaTiAs,0 (2.862 A) <° Ti Hi{k
Q87TA) R ELFRBETHDLZ LD, Ti-Ti
DEBFEANFEL TS, SHEFERD 122

G (ThCr,Si, RIS D& HiZ, =724 4115 608
BT = R TR E & - IR E o T S
Sy, THRBEHREE IS L > TBM o= 3t - :::-;L.: . :ﬁi;
I HA RT =AU RITEARMNA T D Collapse 5l sonst a

14
I 20He _il:}ll

il (10" counts)

BN E LT N ENmbN TS, 20 | R TK)
L&, JEME SR P-Pn fEAIVED, - | ||\ﬂbll.4. -

2P — P’y D T = A AR AV N EE O e e
U Edt, REEOETIREIELL, —

3 WILHIIZ 72 5[19,20]. Collapsed FHD Pn-Pn 26(deg.)

EE%&&&@% 3 A J;L—F & %El/ \7j§, :j/l/ E & /E\:fot 2 Balessz @j}&%—]—ﬁlﬁ X ;’@%@?ﬁ/fﬁ_y ;]:%A
Y, BaTi;SbyO 3 Sb-Sb BREEAS 4.079 A & 153 1k F[EIHT 1% O 7=k T- B D IR LR 6.
2R, BaThAs,O 72 EBEFIDO =7 % A NiE



EMRIEE, 2 IROTHIZRJEIEE 2 & > TV 5.

R X OMRHURIIE D D13, Zhah <y g Y H-11
VEREE, SREARENBIS NS, PHD 2 st :
% 50 KICBWTREZ R L (M3). Z0RF "é
1%, AT, Pr,0 TESEAOIC R 5% CDW/SDW #56 i
L RBEDIE DB T 5. AR O 75T S8 # 3 1
MRS T ERELN S b 2 OB IR o
(LAWIFEED CDW/SDW 56T % = & AR ET ]
STV, NapTiSh,0 T, IREZ FIFCL< E, —

L CDWI/SDW 5L T ks T4 | 1 -
TS T JE R & S S LT B A3[14], g 2 Eﬂ 1
BaTi;Sh,O 123\ T ¥ 2 FARITRT X 912 50 @ | | " Cakro0’’ |
K (I TR ERORIMABIR S -, Pr = As 0 m{;mr!z ;_“é"” 300

?® BaTi,As,0 TlZ T,=200K T&H % Z &b, Pn=
Sb TIEHUFIDTAEEY CDW/SDW #5585 DI 13
FHL TS, ATiPn0 A TINE THeBIKW T,
1% Na,Ti,Sh,0 @ 120 K TH 7275, BaTi,Sh,0 1%
Z A KIBIC FEID Z &2 5B B Bl W &
5. *He % MAW-HBTRNE DR R, 3 A
MIZRT L IR 1.5 K I2BW T oKl
Ehiz. *He ZH\WZARIBEOBAGRIENS b,
4)D X DT 12 KA B RBNED > 7V hvE
B S, RARIED 0.5 K IV TH 100% D xE
533 (Shielding) 238U 41, BaTiSbyO TH
LIRSS N LY BRETh D Z &3
kot E£72M 40N LT X 9 I EREH
END SV BRETH S Z L3RI, i)
Pt - b & R CIREESEIIC IV T, SR8
ok 5 RERLBO E—7 MRS, 20
LEHBOT S b B—IE O RO D T
12K, BFHERE Y 13 13.5 ml/mol K2 Th - 7-.
Z DOHENAIEN D BFE DTz y, BHEERHIE (X 3)
B RAE S T=0 K BROBALER 1 =4.1x10"
emu/mol % AT Wilson thasRdD B &, R, =221
L%, ZHIFEREFIEO R, =1 LD HRE
<, FRARBAMIRD R, =2 IZITVMETH D, ZOfE
R, BaTiSbyO DORBAE AR VE FFHBC ke

3 (a) BaTi,SbyO O LERIR AT, 38 KO,
(b) FERIEHRIEARATE. AR IR

JERIX6].
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4 (a) {KIRIZHT D BaTiSb,0 DOREMLZERDIE
FERRAFEPE. (b) BaTi,Sb,O D ELEN C/T D T AFME.
RN L7 T HEEAD IR (K A7 6]

% FIREMEZ R LTV D,



4. Bi R1t&¥BaTiBi, 0 ~DER

d" IEHHA- R EER BaTiSh,0 DFE .
WZIEREY L= b DD, Z ORISR X
1.2 K &KV, BaTi,Sh,O (2351F %5 CDW/SDW
1%, D ATLPR,O {LEMIZHER T,=50K &
REMFI SN LTV BRI
P, BELFEL TS, 20 L SBEE
& CDW/SDW DMSAIICHIAFZ LT\ D Z &
IZ NQR HEN DO BTV S [21]. o
BaTi,Sb,0 (23 TEE{mIE & CDW/SDW 73t
ARRICH DO THIUL, B8 LT D
CDW/SDW ¥zl 4+ 252 & T, T, O L
APHFHEEND. 4 = Ba BV THLD
ATipPnyO RALEWIFERIZ Pn=Sb T Pn=As XV & T, OIS Oz, HAITE 2 ud A 42 8%
DE (A2 198 A, Sb™: 225 A) ICHET 2 ADILFE IR L THREND, ZOMEMIHEZIT
Sb> Lk 0 A F U EEARE VB (232 A)ZETe ATLBLO T, 575 T, OHIHIE 72137423 4%
TED., L UERERND ZNE TOREILPn=As, SOIZBRSNTEY, Pn=Bi DILEMITHRE S
NTWRW., £ZTPn=Bi DILEMEER LI L 25, 2 DOFME BaTi,Bi,0, (StF),Ti,Bi,O DA
\ZHRED U727, (StF),Ti,BiO I T4 VY CDW/SDW MKk L7 b D0, BUREHAS &R S 7o 7z
728, ARETIEEE L BaTi,BLO (IZOWTDORERD Z L L35,

BaTi,Bi,O DIEARN AR 7 B 7 A13 BaTi,ShyO L[AkkE L, JFEHZ BaO, Ti, Bi (E/Ltk1:2:2)
Z AV, BERRIEFEIX, 850 °C & L7-. BaTi,BiO I
BaTi,Sh,0 & R TEMNCRKEALE ThH o7z, ikt

]

=
1

ol 10 eonnts)

“LﬂlhanMHMMmi_m_#u_ﬁ

:
R O

1
20 Al

2 dez.}
5 BaTi,Bi,0 DSt X #RlElHr <% —> . Tick 1%
235 BaTi,Bi,0, Bi, BaO D7 T v 7 RHHLE]T].

0.6 —————————
e X MU S5 =22 U — hL NSRRI ZAT F ()
ST HE, HB® BaTbBLbO BELNTHY, ER] i 7
BaTi,Pn,O (Pn = As, Sb) & [F] UHEZ & 5 Z L2300 g 0k é -
o7 (9'5). Ti-Ti BEBEE BaTiShO 0 2906 A & 1EE & i
BEHBAV29ISA THY, ZHo L T aIErE ,_"J o
T 5. BHEIE LHFEZIT 272 & 25, BaTSh,0 g B0 )
LR RN BREEE, BROVSY U ERIEE B —
FTHOO, YHOTHEY COWSDW BRI 2 | i |
Lt S6lc, IBRTH T, =46 K TRARRMSY 1 ##,/ .
O RSB SN (K 6). Bi Ry 7t -
D TRERLEE Tlo B 12 OICHBIE Z 17725 2 & DT ae

AR o T2, Bk b AL B IR i
60 %A TWAZ L, LY DORBEETHA L
ERDIEAD.

5 PnHA +OT7 A VEIER

6 (a)fKiRIZH1T D BaTi,Bi,0 OERHIERIE
FEMRAFNE, B, (D) EERIEVET).

BaTi,Pn,0 (ZHBWT, Pn A ha SbD BilEEHZHZETT.=12K 15 T,=46K ~& Kig



T, FRBSR L. WE OBERT O REZLARD L, ZORE RPIERMEFHENCEIRT S
&N BRI TIEZR N2 E 0D, ISR L 918, ATiPmO RICEH L7-BRHIE, A%RO
BAT =2 VB 3R U C Ti-3d,, B3 O half-filling 2AEH 5 O TIIROD EHIFRF LD TH 5.
ZO8%E Ti-Ti EEEEO 2T dy PUEDER Y DESVOELZBEWT 52 Linb, T=F ¥4 X%
RELT5HZ L CTi-Ti BEEDMSE LR E T 5 LB 2 Hivd . EEE BaTi,PnO 123\ T, As — Sb
DEHZ K 5 Ti-Ti FEEEOMONTHY 0.05 A & K& < CDW/SDW #5B0#ifil (7,=200K — 50K) &t
FEORE (T.=12K) ZRFTHALTNDH L IITHZDH. LA L Sb—-Bi OEHTIE, Ti-Ti B
OEIXED 0.01 A HiE7=7, CDW/SDW Dk, Kig7Ze T, O EF- OB 2720, 2T,
K VFEHNC Pn 7 = B L WMEOBIREZ T~ 5 <<, [EFMA BaTix(As;,Sb,),0, BaTix(Sby,Bi,),0
DEREATST-.

FNENOREOEPIR, BARELITo72L 25, 7R TEFERAE L. £
BaTiz(Asl Sb,),0 FHIE Tk x OHIINE & B, CDW/SDW BRS04 (ZHIH &, B ZEMNENS.

OFEFITTHEY TH D72,  BaTiy(Sby,Bi)),0 FEIKTIE, y=04 FHI THRASEHIS V- - AN L

y = 0.6 fHECHOEEEMENENS &) 12 F—2HidE 28z, 2R ENOREERIZBW TR
FEBITHERIC ] L CEAAICELT 5720, 2 F—2EITE AREBICERT L EE2 6N 5.
BINL dy WUBD T 7V RRZHIRF LT 223, D. . Singh (2 X 2 BaTiSh,O D5 —JFRERFHALIC
5L, TS dy BT TR do, doyy WEOFTFHHD & SNTRH[22]. 20T~
VTS BYE ] DEMEZRE AR OBRICEE & Bbivd, 20X D BREEO d S RBEB{REIZE
4% [=AF 0 FEBEER] L LTI, AV 3 BIERIEL L 5 SnRuO, [23]X°, SKtZERBIE
R4 ENFHBITERY, SR RBEER T BaTiyPnO L RIERIZ T, D 2 R — LEENHA S
NTW5. AFAUJE Y OBNIBEN MRS B R DAY, ¥ U7 F—7% As-Fe-As fi A D
PTALDI N RS A (LS, 2 R—2RE0 L 5 M2 B HRABN S, —J BaTiPmO 13,
FfEER CTH DO F ¥ U T F—
TN Z 57, BRI AT

BB EICRERT B L B2 bB. S I I ——
Feil L7c X 912 Ti DJEBIZIE 2 2D 2008 M o ":1“3 18
0" & 4 5D PR BPEALLTND. % " “n : ;."m
oL Pl YA MEGEESTEE 2 D . —1% =
V52 e, BOIEMMEEFIEL S o0l - T L
TW5H Z LITZe H720N. As — Sb— CDW/SDW ‘;“'\‘ "q, :
Bi DIEIC BRI LIS 20, T $scirri P
Ti-Pn #5G OHFEREEMENELS 72 5. ( S L ), 0

00 02 04 06 0% 1.0
SDOICZOMET Prp FUBDILAY b 00 02 04 06 08 1.0
K& <725, BROFFFMEN D H-"'['ij-"w:f 1‘| ! Ha'!'if&'h:t 1] g BaTi,Bi,C 1|

TRER y = 0.4~ 0.6 T3> R
b LT, DEY 2 SOMBIEEAE A7
% dNy FRBA L TH SO TIRARN
MEZZTND

“ 7 .?//r&:{z'—( BaTiQ(AS] Abe)QO is J: U‘\ BaTiz(Sbl,yBiy)zo @%%
RAEBFAR[8]. M IR B A <.



6. BHHYIZ

AFaTIE, ThO EFHT 2415 d' BUEEM BaTihPrO (Pn = Sb, B)DALE L OMBEEIZ SN T
FAA LTz, BUE, 925k « BRI D BIEACHIZE S TE Y, BaTiSh,0 O Ba™ A ~ o Na'f&#t (T,
~55K) RKE#H (1.~61K), Pr YA O Sn* @ (T.~25K) 7Z2EHR—L R—=F 2L > T T3
FRAT L ERHE STV A[25-27]. £72 BaTihShyO OFREIL sl THD &9 Him b i S
ATV 5[28]. BaTipPnyO 13X, AEEHNZIIERA AL 5708, ~ /T 0 R 2 R— LG L
BEAHNZITERRID LD b, T L AR RSB SR LTV WZ L ). 7ry Z7EE LT, Ba, Na,
(StF), 72 KRk & 7218 A A LT D b SRR R & B L TV 5[29,30]. BaTi,PnO Tlx, F4 1T
0" & P> D 2D T =4 LN L TR Y, ZDIRET =4 VENEDWINEIC 5 2 5 38 IR TR
V. ZOXIICIRAT =4 VL E b OWE &, OB EREEHIE R B I IR AR
RT7a—FThbH.

i

ARG TR LIRS, RERF LR CiThn /b D ThH Y, RILIFEED HE ALK,
VION SRFELG, BPlE CRFEC, /MR PRVBEG, 1A FESCIR, B2IL PR, RIRFFSLRFO/NE (RHREL,
Ak 11, WEAMEIB RSO T BEZEIC,  Australian Nuclear Science and Technology Organisation
(ANSTO)? James Hester X, RV FAFTE > 7 — D4 BRI, i AR, BE HEEKED
HRIFFFEORR TH 5. £z, FERFHEEDIEROA B & _Zdx, AU BIER, SR MY
BRI O Il B EHIRITIE, Aaisaing L CHVWC, FROBICK LTI ZI@#Z R L L
F5. ARSI SRR SCASE (FIRST) 7w 277 A DS s OB RE B OIRR & ik
FEMEEGHM OICH ] (FOFEE AR OXEOH L THROLNTEBDTHD.
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Synthesis and Properties of Hybrid Porphyrin Tapes

HIRFErT, RAEREGL
SRR GBI R L AR
T. Tanaka and A. Osuka
Department of Chemistry, Graduate School of Science, Kyoto University,

meso-meso, -B, B-P Triply linked porphyrin arrays (porphyrin tapes) have been extensively studied in the last
decade owing to their remarkable physical properties such as extremely red-shifted absorption bands reaching up
to IR region and large two-photon absorption cross-section values. Recently, hybrid porphyrin tapes have
emerged as novel promising molecular motifs by realizing ample chemical stabilities, good solubilities in
common organic solvents, and synthesis of porphyrin-hexaphyrin hybrid tapes.

1. [FC®IC

TVT 4 ) AT R =L 4 T PAED S o TSN D KERILEM TH S, A7 4 U o
T4 o e —LERON, 2 HNER EOKFEEZRKSTWD. EHIT5ED 2 HOKFEELZ T2 F &
LTHITHZ L1280, A7 4 U FZEOFNIERA A4 ZAATe Z LN TE, FULEREMN
+2 DGE, mFake LTiIfte 2y, EREFE2EORRICROE A EIITORLT 4V
vt A, Fie, BIRIESRIT a2 H 013 OBEFESDRHCLENRL, 4 HOEFE
EUEAEIARRET D Nt 2 v ZALAIE LTHLI TV D, BIEEIEIFERME, %E IS
PEEMETN, BT 4 ) ORE, BEOEFZEZTREEATBVLERMEEY (v 2y FVER
EEZ RO EY) ThDH. A7 4 U ATRHDEHEEICS ORI 2 Ff D, AFE L ToOmEEZAT
Do

TV T 4 VT —7 (K1) 1%, "7 U VBN A NN 2 DOBNL T ZEIZZEE L E 24
THRNT 4V EEETHD, 2001 WD TERKEAVIZ[1,2]. U055 OYPEZBLRD § 724
FRZARIMESIZ £ TRSBINRE 7 M PE R DI ok & e B 21O [3-6]. =
DX DRI D, FNVT 4 VT —T 3T L7 br=) AR FFE T~ OISR IR
IWTWB[T9]. LL2R3 s, ERFEEIRMEEICE R T 28D (R FX°, HOMO-LUMO ¥ v~
DA, FFIZ HOMO OERLD EFIZ L ©70 9 REZEVEDT-OIZ, RAT 4 U T —THFIROB%E
IXREECTH > 7.

T 2L, 29 LIEMEE RS DL, Filcin 7 4 U oS EREGRIEEZR L, BRI
PEEHRIEL 2 YNCEE Lo A 7Y KRV T 4 U o7 —7R0, BRRFRLT ¢ U v BV g Al
FRANTERT L MEE WA BigE LTz,
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2. ATy RRLI4)oT7—7

RVT 4 Vo T —TOnRMMEZ N ESELIEE LT, o0 RY X 7 E2HET L EEE
BIEDEANRE 2 HiLd. 2009 FIIFZE OEIEE AW TZNE TTREOR LT 4V T —7 24 &
KINERRENTZ[10]. — 5T, BFRKEMMEEHIEDOZE AL, HOMO DN % FIF LR 2e e M & i o
DEMRTETHHICHILT, AR EOWEEDZD, ZhE TR S TWiehotz. 22T, K
QITRTERIEICLY, XUFTANFa T 2=V E AR ORLVT 4 VT LA Rk L, il
RN T 4 ) N B LT R, MEBREOGIZE D ANA TV REAVT 4 VT —7 1 2 5L
72[11]. FHWNEY S O OBREEMIME T L, ZEENRmEL TS Z EB A 27U v 7R
A A RY— (CV) (K 3) NHHLNERST-, SEHERZ LI, IEELERO LD LM ELT
WAHZ ERbhole, TNWHDOREFZEEDNL, FIDTHRNT 4 ) o7 —7 Z8lRD X #fk s i
IHEH LT (K4).
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Flo, NUFTNA T = = )VHOE L EOER S B V12]. F OBMEENIE, R F TF
17 = = VEBIEOBHIE X HIZEIRT L7ens, X FRIUEEREOEIZ A 7Y » R K CTh
Stz ZEARTH, HROKRLT 0V URNEFRRED R—D)—7 7 &7 H—A)— K FH—D)Z A 7
RRETRD, ATV RO FERGT D IRIIC TR EO M RICHETH D Z LV Shz.

3 RILTA)o—AXHTo)onNAT)y F7—T

BRYLIRANL T 4 VAL, AT 4 ) X0 S RERBEEL AT HRAETHY, Fikieihs - &
BO=— 7 28 EE) - n BEFROBIETRMEE WO T35 2 8 RmbN TN D
[13-18]. ZDERILERNLT 4 Vo OMEERNVT 4 ) T —TIHAADIX, Bl /2B ROFHN
HIFFCTE BI1E0 0 T, MRS BRILRR L 7 4 ) VHEOMWEIC G 2 5 B A BRSO N4
AT IV ADOBENGFHETE S, L LR L, ZHE TICEOERKENI 0>, OB E L
T, BRIGEARNLT 4 U VO ERUC A ML OBEBIENMETH Y, SMNBIZHIORLT 4 )=y |k
BTV TIEDLIENRARARETHS 22O Th A, A, K2 T EECEY, —KICH
NT Y enFTT 4 VR AY— A FEG LTIALEWE SR L, i< MEBRBOGIZ &0 = FEfFERR
NI AV e ~FHT Vg Ty RTF—T3 o DEREER LIZ[19]. " 7V v RT—73
DI AT R JUIEKI 1600 nm ([ZEE L, BflieRL 7 4 U o T —F ZBAR L 0 bIRINERES 7 B2
DD RENZ ERbooTe (K5). ZOZEnD, RVT7 474U b0 BinnY
A XD EARIZBNT S, —HMERIZE > THRIC nit&“%ﬁ MERLTWD Z &ML E o7,
ZZT, ~FH T 4 ) AMOEFROE BRI E D L5 IZHET D20 &t T 2720
CTEFEICRINCE AT YT 4 U OB AR 28n LA LUT-. A%%74J/1,%nﬁf
bRt = v I VEERME R L, RERTFEESEE AT 50, %n+~&fﬁ¢ék,¥ﬁ%ﬁ®
b =y TIVECOFE IR O IREE &mbnthWXﬁ*%@“”HDW%#¥@% 2D Z &
DBFZEDN B D3> TUNZ[20]. ARIARIZAE) LT8R IR 3 g DHAICIE, — BB X DRIE
@@twm,fEWX%%%@@%%@%%&E%@éMé_&#%ﬁéhé.%%_NMR%WW
AR MNEDFERDNG, D53 FDA Y AGFFBEOFEITFH, 2R E LI AEREEH
LTz kﬁ%;f%t it_®ﬁﬁ%ﬁ@®k%éimﬁ@w WZIRAE L, KW KRFEREARED
SRV MBI TR EMENKE KRB Z ERbnotz. ZO X 5 BRFEFMEOELE 55 A F
VA, EROFNT 4 U T =T TEEBRAFABETHY, LTV r—FHhT7 0 Vg7
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SR DBE B DOBREINER SN, T b TR MRA~XY 7 10U 6 21572 (1K 9) [26]. Kk
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TR AR ZE SR AT DI S

History of Liquid Nitrogen Storage Tank at Main Campus

UG EAL FKIR TR
HHREER e TR
N. Miyajima, R. Iehara
Graduate School of Engineering, Kyoto University

The storage tank for liquid nitrogen installed in Main Campus has been closed on April, 2013. We review its history
of more than 30 years since the construction.
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D, HEORFOEUIFGE LTz, —DORROEDY ZGHE L TWD X I ER D, FE T TS
JESRHEE « TR B T I OEAGRIER & L CTE DRI S To > TE/2s, ZHETLAMSY v
7 D DRHEED HiEE BT 20 F I RS 7= e, 2 2 TARR T, BEIRARSICHEERLOROK 30 4
DR 2R Y KD,

2. & &
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> 7 ORTBMEREITERR A RO £ FRJENVE U S 2 Liden o7z, SRk 21 4 (2009) (21E, # > 7NES
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AAMGE . fifm, BB ROBEALEIT/2 Y, Ehi a2 Y Tl « B - fiN AT o7z

4. FAREDREL LBELEDRE

BEFN 57 4 (1982) M DIRIRZER OB LFIADAE Y, R E LT LT 5ERIEEMEX -2 8 b
o T, Fr|RAHUFHEIIEML (¥ 2) . FRk 74 (1995) (ZRAH LFIFEIXE—2 201Z,
A2 0 L GREE 28%) Z#Ex . L, Wk 8 4F (1996) (ZRIEITFNTER -, ZOJHIA]
IR D IFFABUI DS, WEAOEARAES L, BEEOHHEIRC ZIRGHF OZER| O 28 72
ZEMTIOOFRE LTEZXLND. IBITERL 14 5 2002) 5, TSRO ¥ o XA B
DIRED, KA2—P—Tho7oEIRIT LR OBIAL, FIHEIIRE HA Lz, FRk 21 4
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TRIRZEF TR T DRI Y v a— ) —NRIRER Y 7T 7B AT 5 2 L4 £ T RIS
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T, BILOFIUIHZ 2N B D L7225 Ta, Rk 25 45 (2013) 2 A 26 HIZIE LTM & Z—0OEHE|
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IZHENEoC, ZIVE THEE EOMRSFEBAY L CE oM LA TA R ORI E & O T-#amn T
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(Yukawa Memorial Hall, Yukawa Institute

(Why can't time run
backwards?

HEF: 2013 58 14H (X)
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Multiband Superconductivity of Heavy Electrons

in TINi>Se2.xSx system
W % [fi: Professor Minghu Fang (/7 HHJE #(%) (Department of
Physics, Zhejiang University, Hangzhou, China)
HIF: 201348 4 5 H (H) 13:30 -
W L B 6 T RECLAR2 B & 3 - (272 TE)

HEEAN FH — B (N 3989)

BARDEIRILEWBILEEROBELEY TH A, N1 D 122 ABILEERICE T 55
H R EOBIREMIZEDHE— NE T H L WHLRF T HREIZIZ L > Tirb 7z, Tk
b, 3040 NMEETIFR IR TH -7z, JsRE LTIE, RERELEDOM, Bdz. i
Az, BBOBESLZHSIML 72 BEOBROERILE b IFF I IATDN, PR
DEFLOE S DIE L 5N 7z. COMIREMRIT, FOREIRE & I3IRD TV ANE, 5RfE
VER) 2 WA AR G- L T 2 Rt b &0y, HEER 5 BEWERICEBOIR S
PEWERT EOWED R ENTz. 4RI, SARDOEIMBIZE, Co RO EIEE M
PE. Ni ROBIZED AR ZHBAEETH A ) Lo < < bz, IEFEITHITD
TERTH o7z (OCH | HA R AR SN —R)
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Quantum crystals: How the supersolid fever led to the
discovery of a giant plasticity
#H# Sébastien BALIBAR {&1:
(Laboratoire de Physique Statistique de 1'ENS, Paris, France)

HE: . 201348 A 7 H (7/kKFE) 16:00-
AT . BEMPZERL 5 F7iE 401 5 E

BEL L2bh&fEOH, 231) @ ENS & V) EHF O Balibar i 1232 L TWz72& £ L7z,
MHEEBEO XHHRE L E R 727200, ILHHZZSMELZHEONTEATLAA, —it 2 JmlBEL
T2 A==V )y REGDOIEEDPMTH > 72O L T T 712, WfZEEICE > TEER
WE 2P )R T CHEH L TV EF L, BEFOEEREMICE ) KIBREEMIERE 2D
F LD, BEFMREICE > T ERGEI T4 DT L7

= o.
% H . Sometimes one looks for something and one finds something else. The 2004

experiments by Kim and Chan triggered an intense activity on a paradoxical question: could
solid helium-4 be elastic and superfluid at the same time? 9 years later, we have discovered
that helium-4 crystals present a giant plasticity in the zero temperature limit if all their
impurities are suppressed. Ultrapure helium crystals do not resist to an applied shear stress in
one particular direction, like a pile of paper sheets that can glide over each other when
submitted to a horizontal shear. This phenomenon is a spectacular example of "plasticity"
because it is a consequence of the motion of crystalline defects called dislocations. It is
"giant" because these dislocations move without friction like little violin strings. It disappears
if traces of impurities bind to dislocations or if the temperature increases above 0.2 Kelvin
and introduces disorder. Plasticity is of great importance in Materials Science. In solid helium
where quantum fluctuations are large, it has unprecedented properties: it occurs with very
large amplitude even under the application of extremely small stresses (nanobars), and it is
reversible. In classical crystals, rather large stresses are necessary to produce small
irreversible strains. Measurements of the damping
of the dislocation motion also allowed us to
measure the dislocation density and their typical
length so that we could rule out the few existing
models of supersolidity in solid helium 4. Finally
we have understood how our results explain the
original experiments by Kim and Chan without
invoking supersolidity.

HEEAN K£4KRE (N#H 3755)
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Recent Efforts Toward New Spin-Crossover Materials and High

Spin Ground State Transition Metal Complexes
e%) #%fii: Dr. Martin Lemaire (Associate Professor, Department of

Chemistry, Brandon University, Canada)
HEF: 201348 A 8 H (k) 11:00 i . #A&W7E 5 568 302 75

ol

KR TOG TR EMNIE % 58T 5 Lemaire #E¥IZ 2 &, BRIIILET 5
GTREEAR, 2 5 N BAE VIREEFO 5 T IC DWW CEHEEZ R L T iz72w/z,
MALETCIC &L ) A VIREEA AL S 2 WE 2 BT 25812 B W, s DER
- FbEY % G L7z, %O H T[Fe(ThEQsal)2]X, X = SCN 7° Fe(IIl) D HA%
HAKE L CIIBO TR 2 A € VIRREs = 3/2) 22 2 L%, X = ClO4s DA
Tl by b ORI LD 8D +3 Ml H+2 i1 SN A EIEANENT, X5
IZ. Fe(ThEQsal), % R S
FTF 7 YHICHGAA TS _
BoHE) v —1 OMEx N
DIRELLICE 2T ¥ S
AR S5, 21T Fe(ll)

DAY Y 7T AF —/)N— )
iyl B D G I\
ZONDHEIRE SN, S ThEQsal
F7o. A VEERREZFOUED meo

BRI oW, BERED 7 I = 4 \©\+./©,0Me O

polymer 1

ORI T % BB EIE IZH S 7 2% N

ZFOMEA AL ANz . PAPL % DO¥dE 2 ~ N O

BT & I 7 BRI T B X Mntrtach, G 50

R SCR R & TR S - 12, A 9
RKEBIZIE. BHOERIBEITbN. - ,

BlziE, AEyZ7uxt—nN—HEDrL
AT Y AR REL T A2 Z L, BVWEOHDOEBWERILD SN,

AN KR HikE (4069)
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Leidsche Flesch Tour 2013

HEf : 201345 H 9 H (/<KE) 10:00-
%A BEEMERE I U X &IKIBEWER TR
v —HER (a4t 5 56E)

FT DT AT REL YA OFEAENHERITH Leidsche Flesche 20 4344 MM MKIEYE B0
e —ZM LT, REREREOBERELFE L, im0 /FE2TVWE L, B
BT AR E BB RO A D D Okl & OIAE T FE R FE A KR AE 20 4 & OEA

BRE2ERE. BAVOETOREAESLED LXLIZOWNTOB LY &2 LN L DORFER 2L
LAE LT,

HEEA e RE

Mission of Research Center for Low Temperature and Lunch Time with Kyoto University Students
Materials Sciences (LTM center): founded 2002.4.1 Soence Seminas House, Morth Campus Arrarged by |
[A) Resaarch Lo © (B Supply cryogen (Lig. N He) Time: 12:10 - 12:50 -
Divisicns of JM&?'M Line T - .ﬁ.l'rl::}u.'l'ul\.
: Low Tomparsirs Pryen | | - g Fyelo Students: Seal without lunch box
-Tn"p-;;;-" F_ﬁ:::-—- ol Liw : : . Mo fee will be collected.

Bring your own lunch. . . .
Bring back your garbage.

& Peofoasce, § G189 Briestnl Orae, Sterdents User: X3 Lishoratortion [Leiden Students: Seat with lunch box
(D) Education Stafl will collect 500 yen during lunch, . . .

Garbage will be collected at the end.

+ Mokt Maloram Soenco
+ Ininedaciplinany Applicalion of Los
Tesgmraliur

Important Rules:
Fnjoy chatting with other party!

- =Saluly iraning courss for oryogen
Shared use of advanced [aclites Azindoa: 3000 por year
User: 20 Labombories rLaciunis on Low Temporaiung Sciendn

Why we study physics near absolute zero.
Prof. Yutaka Sasaki

A lecture telling why people study physics
at a temperature much lower than that of
the ordinary world is given,

In owr standard knowledge, lives loose their
activity in the freezing world. |5 the world
near absolute zero a world of death’?

Mo, it is not the case. Due to guantum
mechanics, there are different and exciting
activities even near absoclute zero.

Some of the interesting quantum
phenomena will be introduced in this
lecture.
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4A 5H 6H 7H 8 H 94 & &

By i S R e 1,068 903 1,728 1,603 748 1,313 7,363
AR - B — 5,012 7,715 4,948 6,467 5,483 5,983 35,608
BRI IER) - JL[EIF H AE 0 0 0 213 0 0 213
UNEIRE: s 2w 86 255 527 1,081 1,316 821 4,086
TR 0 370 613 614 432 506 2,535
= A Ze 607 665 438 454 462 437 3,063
g 88 17 0 104 17 157 383
TRV R RS R 0 0 0 0 59 0 59
W — Ml G AT AL 150 158 46 206 125 79 764
(R E RS2 2 — - BFZE 1,037 1,546 2,597 3,341 3,669 5,023 | 17,213
Az & — « SLRIFI) 2 981 1,018 1,291 752 1,138 899 6,079
a 7t 9,029 | 12,647 | 12,188 | 14,835 | 13,449 | 15,218 | 77,366

WS R &

R 254F A Uy bob
47 5H 6 H 7H 8 H 9A & &

FREERFZE R (L2 (B B A4 5,618 4,346 4,876 4,789 4,153 5,057 28,839
B ICR) - B — 1,995 1,359 1,759 2,214 1,290 2,247 10,864
BRI IERE - 2 DA 889 719 642 937 943 1,061 5,191
A - BRI SER 624 611 827 798 605 726 4,191
TR ER 1,851 1,543 1,360 1,467 1,648 1,526 9,395
= A ZE Rt 994 891 990 1,190 651 1,057 5,773
SRR 2,552 2,586 2,567 3,051 2,370 2,438 15,564
TRF —R R 477 255 363 667 370 768 2,900
15 7R 10 11 9 10 0 10 50
mE TR 987 861 1,126 1,076 1,045 941 6,036
HUERER Bt 20 20 28 20 29 38 155
P ER ST T 309 160 307 246 208 200 1,430
A VAW IEFT 1,192 1,149 1,569 1,581 1,099 1,533 8,123
] B e S 7E BT 113 110 0 113 103 98 537
BREER L A — 5 0 5 9 5 4 28
BRI TR A2 — 283 256 261 258 274 238 1,570
WE — MR A S AT L 794 1,137 1,068 869 1,173 718 5,759
(IR R L2 e & — R FE 267 442 1,036 978 401 530 3,654
& it 18,980] 16,456 18,793 20,273] 16,367 19,195 110,064
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AR~V o MG &

254 e
AR~V 7 SIS & 44 54 64 7H 8 A 94 a3
(b SERT 1, 420 1, 385 1, 160 1, 354 1,423 1, 380 8, 122
A eI 272 83 307 134 199 263 1, 258
AEATEBIFSE T 0 0 62 0 0 0 62
SRR 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0
LR IEE 0 0 0 0 0 0 0
v B RE 0 0 0 0 0 0 0
IR E R gee b - 0 0 0 0 0 0 0
PEE S HE A 69 134 74 0 75 73 425

& it 1,761 1, 602 1, 603 1,488 1, 697 1,716 9, 867
RN EFR IR E
254 e
RIEEE A= 4H 5H 6H 74 8H 94 £E
LSRR 2, 865 3, 384 3, 089 3, 803 2,920 3, 304 19, 365
TRVE =B TR A 1,091 1,183 1,115 1,122 1, 264 1,070 6, 845
AEAFERFSEET 443 412 680 589 372 313 2, 809
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b5 S BFZE T 0 0 0 0 0 0 0
AR 0 0 0 0 0 0 0
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KR E R gee b - 0 0 0 0 0 0 0
EE SR ¥ — 19 17 58 45 63 202
& it 5,121 6, 215 6, 041 6, 668 5, 020 5,634 | 34,699
FE v XA
WAR~Y 7 LG &

254 Wl )y b
RIE~Y 7 AMILEE 45 5H 64 7H 8AH 94 &3
LEIFERL R LI 0 0 38 142 66 84 330
TR - BT T 334 771 561 425 608 278 2,977
TAWgER - M EHE T 95 53 15 82 49 65 359
TR - W L X — (b 459 332 288 394 350 313 2,136
TEESER - 0 T T 79 54 0 87 0 62 282
TgeR - m o e 51 59 0 125 0 54 289
T2 5e R Bk ik 37 226 106 0 206 44 619
LR - L 40 0 0 76 0 0 116
YRR A VAT A ILR 0 0 125 0 0 32 157

& it 1, 095 1, 495 1,133 1,331 1,279 932 7, 265
RN EFRIRE

254 N

RIEEE A= 45 5H 64 7H 8AH 94 &3
TR - A TR T 108 67 123 92 102 89 581
TP - B PR T 0% 14 82 69 52 208 143 568
TERFGER Ay 27 ) ) 47 61 79 58 62 52 359
TSR - TR TR I 98 95 112 125 120 256 806
TR - ER T 1,136 1,136 1, 544 359 244 442 4, 861
TR - BT T 6, 548 12, 792 10, 958 10, 402 9, 532 9,846 | 60,078
TR - MRS 1, 755 1, 632 2,671 2, 289 1, 798 1, 580 11,725
TR - W L X — (b 969 1,091 1,190 884 1,195 954 6, 283
TSR 5 1 T 331 357 401 429 247 233 1,998
TR 4y AL 963 879 1,142 1,114 935 943 5,976
T ZAHFFER: - & Ak - A= 2,161 2,624 2,123 1, 964 1,588 1,925 12, 385
TR b L 216 163 217 547 191 325 1, 659
TGRS TR T A S - 77 310 428 278 204 134 1,431
FEEABE UM v # — - JelislE TR = b 1 14 1 15 162 50 170 163 774
W MR A VAT A LR 5 0 88 0 0 10 103
HIERER IR 7 153 190 153 187 150 152 985
& it 14, 695 21,594 | 21,460 18, 830 16, 746 17,247 | 110,572




[RIREREE 2 — ST E4 R

Rk254F4H 1TH
K 4 Tk HEE 5 L & v

Perk B % i RoBgsEEs0r | DL 3T ,

sasaki@scphys.kyoto-u.ac.jp
AR/ e T E L 4

% O F R H B ROFIESEE10 4069 _
yamochi@kuchem kyoto-u.ac.jp

S OWE % % & RakigssEer | L 932 ,
terashim@scl.kyoto-u.ac.jp

\ <l e TEL

BB B esar y—s~ s 0 L3787 |
akirai@scphys.kyoto-u.ac.jp

B BE O desdE ROREsSaEs0s | L 779 |
sbsato@Itm.kyoto-u.ac.jp

K B R W8 K eAPEsEg0s | L4002 |
otsuka@kuchem.kyoto-u.ac.jp

B % B B % @amdsEmae | L 400 |
nakano@kuchem.kyoto-u.ac.jp
TE L 4068

it
pun|
+*
Jm

B F RAHIEs AR
i R kasugain@scphys.kyoto-u.ac.jp




30

[ RAARE E R E R o 7 =58 LIME v % —38) | ~O&FRD
S SEARN AN NV AL (S5 3|
Call for Manuscripts for
"Low Temperature and Materials Sciences (Kyoto University)"
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" Graduate School of Science, Kyoto University,
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Materials Sciences (Kyoto University)) TiX, {KIRWERI AT & — 2203 2 5854 - Jhmkas
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T ANTHRAETT. Fi, pdf 77 A0 bR TEREY SZSWV. 2B, WEZEZNDLOD
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A2V »7), BAGRESIENR (B—~v>) TRILL, WHEHE L BN OMSOHT LG5 oMI
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