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B g B o2 (% 3C) : Iron—based superconductors consist of alternating
two—dimensional Fe,As, layers and spacer layers. In order to realize higher transition
temperature 7., it is essential to seek novel spacer layers to optimize the electronic
state in Fe,As, layer. The spacer layers reported so far consist of ionic chemical
bonds. In this study, we discovered iron—based superconductors Ca,,(Pt,Asg) (Fe, Pt As,) .
(n =3, 4) with Pt,Asy spacer layers made of covalent chemical bonds. 7, =17 K was observed
in the beta phase (n = 3), in which Pt and vacancy are ordered in the spacer layer. By
adjusting the amounts of Pt and vacancy, 7, was raised up to 38 K in the alpha phase (n
= 4). Our results demonstrated that a variety of spacer layers can be included in the
iron-based superconductors.

SRR
(AL : 1)
ERER B & ol
AR ERH 3, 500, 000 1, 050, 000 4,550, 000

WHFEsr 8« B Rk
PR 53R« A1H - B - Wy 1T
F—U— K &g

1. WFZEBE S0 5 BRLE N — 7R 22 0E N ITBEE %
AWFIEOFE X BRI A W)CaFe,As, DERY HET D EEZ LN T VWD, FMTlE~AF
A MOEBERE T 7 FF LIRS 2EH e N— AR ELTHS ZNHD K= 70, =

7 (FIRFIZ R—7") L CA U B8R K—=792%Z LI12L 0 THKRRERFICEI T TWD
T, = 38 KCTholz, —fIZ, kA b~ HEIICHRAT, LEN-T, T =38 K&aR




FHBMCEA DORIE & TH KN ORI Tl
ICHEE Z 2 b,

2. WHEOHD
ARFFETIE. 7. = 38 K& on 9 xEA
(Ca—Fe-Pt-As 4 Ji5%) Dbk & LMk
ERETHIE, LT, BWINALDLHE
NEHLMNCTHZEEZENE LT,

3. WHFED ik

(1) BA=EFE D[R E

O FEHE AL
ij/ﬁxéﬁtbtﬁu—7f/7x

NTEBEFEE L, 7L IFDB2FIT AN,

[P H T AFICEZEE AT D, HEEBRIA
IZ AL, 1000°C—-1100°C THNER, &4 L. HLfS

paaE 2 BT 5,

@ b ARAT
XHREIT ORISR 2T L B ImE 2 R~ ke
WORERELEZ WO NCT 5, SHIT, ik
NI RA=ZRFEL L. @WIAELT D HERE
ZHHNIT D,

@ LA T

BRI o—T~A a7 I4Y, £
BT FEAMEE A A L, BzE s R~k
B E TR D,

(2) FEFHHIX DR
MLk 2 28k S - B Rl 2 BT 2
BEALRFIE R E 2R E TR =R 2 JE L, SO
PEEBIRE L E TLERD D, TOREE D LI
B E KT 5,

(3) EAEMPE D FFATh

W BRI E 2 CRAURITR ZHIE L,
ERRBPUEZHR~, 2 F=T 2L 58 0%)
R4 5, 62, #ETh TESENR

ZRE L. BRI, 2 R 5,
4. WHIERCR
(1) Tl R

O PRBIRE R AR A A N—Y — &)

2ODBIREMERE L (K1, ¥ 2), 1k
FhHAKIECa,, (Pt Asy) (Fe, Pt As,) (7/1/7 7
¥H) . Ca, (PtsAsg) (Fe, Pt As,) s (——%4H) T
HY ., RS, WE LSS, SR, 25
HP-1ThH D, ZNoLEWIT, WHEEAME

D AR —H—JEPt As, & FfD, D RIZEBN T,

A FUFEE D AR — Y — 8 2 R OREfE Dk
RERER E X —REET D, RX—FFHD
Pt,AsyJE TlE, Pt & R ZE LS ERFESSI L TV
%o PLEZHRLT LT L7 7w HNERT S,

@ BHEK(LO 2 F— Lk
TIT 7M. X=X, FetrA F~D

@) Bm. (b) ;fa'pt'

L J 3
) d _: 4 CS do
gty e
é.i.L Pt :_(‘ p @ / P
= v

()

Pt3,Pt4

~'o'
PtsAsg layer

PtASs layer a/\

(e) AT U] Fe
. ﬂrFe As
8 aii < \
E . \ 20"
] 11 3 l
Vi l Ll
11

Fe2As: layer Fe2As; layer

" -phase ! —phase

1. (a) Ca,(PtAsy) (Fe, Pt As,), (7L
7 7#H) . (b) Ca,(Pt,Asg) (Fe, Pt As,); («X
— S ) Off gL, () PtAsg AN—H—
J&. (d) PtiAsg AX—H—J&. (e) (f) Fe,As,
J&. FERTEARE 2R T

&
T

M/H (10 emulg )
5
T

151 100e |

Caio(PthAss)(Fe2xPtxAs2)s

-20
0

10 20 30 40 50
T(K)

X 2. 7/A77Hhm=4) _—%tH (M =23)
ZBIT DAL DR BRI

Pt K= 12k » TBREAZHHT S, F—L
REBINEDRER, BT F—7RTHDHZ N
o T,

AN —H—JFPt As,DPLEDn = 3DX—H
FIZ, 0.1 < x < 0. 47O THBEELRL
Too RDTIXITKTH D, x=0. LTI T,
At DR FE AR AT M S ORI R RS A 7R LTz,
ZDOZ X, X=X OB EA N SR
FRPFFICRE T D 2 L 2 BT 5, —J7, n=



AT N7 7HHIE, 0.22 < x < 0. 48DHEIFH T
Bl E R LTz, IKDOTII8 KThH D, 7
L7 7 ATl A—P—EDOPtIN— & 4
L0 H12L W=D, FeAsfBIZE TN BT K
— 7 END, AX—HY—BOPtBHET5HE
FHZ10EDOFeNZITID T, 77 7FHD
FRNZ Ax=0. 2721037 FEaND, Z DGR,
TNT 7 E_R—Z O A S DR D
&L TOMABURTENED2 F— afiE 2 R,
Ca,, (Pt Asg) (Fe, Pt As,), Tl&, SOREEMEREFE
FHCE WEBIRE R — LD T LV & iz B mE
R—=2DTHRENLIICRZ D,

@ LR e

T H BB AP URAE ORE R A T L, e
REEICBIT D LRSS A E L, &
DOFES. TV 7 7 HE(T, = 33 K) & _X—ZFH (T,
=14 KTk LT, i, 35 T, 22 TR
bz, T ik, 12288k RBER L R U
BRECHETH S,

OVE:-PNISES

B AR TR EFeh A M F—7L7285%
BBARERD T I — kv, —FH, 777

FTIX. FEEITEIRE DOPt TheV A b & (&
LTWDIZH b bT, 38 KEWHEWT,
DB SN, DL A, TERKKERFIZS
WTORERIZIE LN TR, 5% b5 &kt
THRDMENR DL, TR AMRIL TR
DY Th D, (@) T/INT 7 HOBZIEHRD
BERGEEZ RS & BRERIEEOMI o
PRBEEREFRRETH D, LN - T,

PtIZ & D AMUEGELS RIS & 5 o
F TRV, (b) 77 7 HIC I T DFeAs, MU
M RIZIEPU RISV, Lee & 3R L 72 M1E
& TR 2 $orBRAER O RERRIIZ S
XL ZoZEiE, TATFHEREWLERT
BRI DO—20h LivZey, (¢) 7V 7 7 O
(R FA S BROIRBE AR BEE L T L 91T
Rz, ZOEW TR, BRdHE LSO
AR EREHEN NN TV D DG LI,

OB AR U7 8k R B ARG (AR 0 B AS

CaFe,As, 23\ T, Fe IFAsIZ MUK 4 Bl
PLE TV D, —F Pt¥II T 4 Befr & 41,
EFE, CaFe s, lZPtE R—7L L5 & LT
T8 LIMALZR, ELLEPtE R—7L
L9 LT5E. PtidFeds,E & 3MSE L7z
PtsAng%'%?:ﬁZE\Zﬁ‘éo %O)%%\ /\‘—&’1{92)){:,5
T 5, SHIT, PtEHEST LT 7N
BT D, AMFZEORERIL, B b2 R
L e E BB DN SR BRI L THEET
HHZ EERLT,

(2) ERIMZ BT DALEDIT & A 37 b
AWFFETIE, EAREED A=Y —JF %
Fo@RiB g Rz g0 THER L, #rin

HROBFBILER L FE 2D, ORI,

LRI AN — Y —ERPRBIRERIZAD T
EaR L, BRRICERT 2 WEBFE DR A IR
72e ZDOREDA 27 ML, JPS] Papers of
Editors’ Choice (JPSJ Editorial Board)

DOFzhH, & 512, JPSJ 2012 Highly Cited

Article (JPSJEditor—in-Chief) ~®EH &
WO TETHE =M S LT 5,

B A% DEE
PtUSMN DEBBE et E A~—T—JE &
LCEEed LOSRBIREREZIRE T 5,

5. F7RREEGm L
(WFZERERFE . WFZE 3 K ONEHEAF 203 12
AR

CessRR ) (Bt 15 1)

@D K. Kudo, K. Iba, M. Takasuga, Y.
Kitahama, J. Matsumura, M. Danura, Y.
Nogami, and M. Nohara, Emergence of
superconductivity at 45 K by lanthanum
and phosphorus co—doping of CaFe,As,,
Scientific Reports 3, 1478 (5 pages)
(2013), ##HifF, 10.1038/srep01478.

@ K. Kudo, M. Takasuga, Y. Okamoto, Z.
Hiroi, and M. Nohara, Giant Phonon
Softening and Enhancement of
Superconductivity by Phosphorus Doping
of BaNi,As,, Physical Review Letters 109,
097002 (5 pages) (2012), ZHAT,

10. 1103/PhysRevLett. 109. 097002

@ M. Nohara, S. Kakiya, K. Kudo, Y. Oshiro,
S. Araki, T. C. Kobayashi, K. Oku, E.
Nishibori, and H. Sawa,
Iron—platinum—arsenide
superconductors
Ca,, (Pt Asg) (Fe, Pt As,);, Solid State
Communications 152, 635-639 (2012), 4
FEH, 10.1016/j.ssc.2011.12.034.

@ K. Kudo, M. Kobayashi, S. Kakiya, M.
Danura, and M. Nohara, Breakdown of
chemical scaling for Pt—doped CaFe,As,,
Journal of the Physical Society of
Japan 81, 035002 (2 pages), (2012), #¢
FeA, 10.1143/JPS]. 81. 035002.

® M. Danura, K. Kudo, Y. Oshiro, S. Araki,
T. C. Kobayashi, and M. Nohara,
Interplay of superconductivity and
Fermi—liquid transport in Rh—doped
CaFe,As, with lattice— collapse
transition, Journal of the Physical
Society of Japan 80, 103701 (4 pages),
(2011), #AEFAH
10. 1143/JPS]J. 80. 103701.

® S. Kakiya, K. Kudo, Y. Nishikubo, K. Oku,
E. Nishibori, H. Sawa, T. Yamamoto, T.
Nozaka, and M. Nohara,




Superconductivity at 38 K in iron—-based
compound with platinum—arsenide layers
Ca,,(Pt,Asg) (Fe, Pt As,), Journal of the
Physical Society of Japan 80, 093704 (4
pages) (2011), #&#HAH,
10. 1143/JPS]J. 80. 093704.

@ Y. Nishikubo, K. Kudo, and M. Nohara,
Superconductivity in the
honeycomb—lattice pnictide SrPtAs,
Journal of the Physical Society of
Japan 80, 055002 (2 pages) (2011), #&
FA, 10.1143/JPS]. 80. 055002.

(Fa%R) (Griefh)

@O K. Kudo, Chemical tuning of
soft—phonons and enhancement of
superconductivity in BaNi,As,, QS*C
Theory Forum International Symposium
on “Strongly Correlated Quantum
Science” , 20134E1H 26 H-20134E1H 29
H, Tokyo, Japan.

@ K. Kudo, Electronic phase diagram of
the iron—based superconductors
Ca,, (Pt Asg) (Fe, Pt As,); (n =3, 4) with
novel platinum—arsenide layers,
International Symposium on Physics and
Chemistry of Novel Superconductors and
Related Materials, 20124£10H 1H-2012
£10H3H, Okayama, Japan.

® K. Kudo, Superconductivity in the
platinum—based arsenide SrPt,As, with a
CaBe,Ge,~type structure, M2S 2012
Materials & Mechanisms of
Superconductivity Conference, 201287
H29H-20124E8 H3H, Washington, D.C.,
USA.

@ K. Kudo, Electronic phase diagram of
the iron—platinum—based
superconductors
Ca,, (Pt,Asg) (Fe, Pt As,), and
Ca,, (Pt Asg) (Fe, Pt As,);, M2S 2012
Materials & Mechanisms of
Superconductivity Conference, 201287
H29H-20124E8 H03 H, Washington,
D.C., USA.

® K. Kudo, Interplay of Magnetic
Fluctuation and Superconductivity in
Ca(Fe,_ TM),As, (TM = Ru, Rh) with
Lattice Collapse Transition, 2012 MRS
Spring Meeting, 20124F04H 09 H-20124F
4H13H, San Francisco, USA.

® K. Kudo, Superconductivity at 38 K in
Ca,,(Pt,Asg) (Fe, Pt As,), with Novel
Platinum—Arsenide Layers, 2012 MRS
Spring Meeting, 20124F04H 09 H-20124F
4H13H, San Francisco, USA.

@ HEHHEE, gkpeRBoak

Ca,, (Pt,Asy) (Fe, Pt As,) 21T 5@ fmE
HAREIR I OPLERARAEME, B AMEL
67RIMFR K, 20124F3H24H-27H, B4
PR

K. Kudo, Discovery of Iron-Platinum
based Arsenide Superconductor with
Transition Temperature 38 K, UK-Japan
Meeting 2012 in Tokyo, 201241 H9H-10
H, Tokyo, Japan.

© L&, BBIERE3SKE R #kA4R
EREREROFRE R, et FRE O 72
BRSBTS PR U V& THS )
Hola] BEIIAFSES, 20114E12H17H-19H,
fi] | LI 77

K. Kudo, Interplay of
superconductivity and magnetic
fluctuation in doped CaFe,As, with
lattice collapse transition,
International Conference on Novel
Superconductivity in Taiwan, 20114F8
H4H-9H, Tainan, Taiwan

(& Dfth)

O G711

@ 20134E3AH29H, HFI T, Rk,
PR TR RS IR T 2 A IR 45
I, SESD e m EE

@ 20134E3H27H, HREXTHE, 27
groHEEEME  WILK, LA ek
HH

@ 2012%11H9H, ugHk, EXEE
o @ WBITERE LSRR

@ 20124-10H1H, BFITIEHRE, MiLK
el =LA MN Y VIRA TR
BESHEU LI EAITEZLE2RA

® 20124F9H27TH, HREFEEFHE, A
EEmHHFE ML S EESHM
B RS

©® 2011F10H7H, FFEi, fR—EM
72 R AELY & R o iR LR,
LR, RO 7 N— T35,

@ 201149H26H, HRFEEHHE, HEZ
W T LWERRFER B Lk

OF == (F31h)
http://www. okayama—u. ac. jp/up_load_files
/soumu—pdf/press23/press—110915-4. pdf
http://www. okayama—u. ac. jp/up_load_files
/soumu—pdf/press24/press—0920-7. pdf
http://www. okayama—u. ac. jp/up_load_files
/soumu—pdf/press24/press—0322-3. pdf

6. WFITHAAR

(D) W RERE

T —# (KUDO KAZUTAKA)

] LIS« REERE B AREHEIFE R - Bha
&5« 40361175



