goodan

LR OIREZ Y T O Z R U IZRIH 0D 72\ il i 1 O 22 7E A,

Unprecedented crystal structure stabilized
by inter-element miscibility
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An infinite number of crystal structures in a binary alloy with a specific composition can be devised, which
indicates that the alloy possesses the potential for drastically or finely tuning chemical and physical properties
by changing crystal structures. Since only thermodynamically-stable phases can be formed (e.g., A1 and L1,
phases in the FePd; alloy system), the formation of thermodynamically-unstable crystal structures is quite
challenging. Here, we show the first example of a layer-structured pseudo-binary alloy with an unprecedented
atomic arrangement, theoretically called Z3-type Fe(Pd, In")s. This Z3-type structure consisting of an alternate
L1y (CuAu-type)-PdFePd trilayer and Pd—In ordered alloy monolayer is obtained via nanoparticulate precursor
powders. First-principles calculations strongly support that the specific inter-element miscibility of In, which
is miscible with Pd but immiscible with Fe, stabilizes the thermodynamically-unstable Z3-FePd; phase without
significantly changing the original electron densities of states of the Z3-FePd; phase. These results indicate the
possibility that the specific inter-element miscibility works as a stabilizer of unexplored crystal structures and

finely or drastically manipulates the material nature with a slight composition change.
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BHOERBITLREN LR D EEOEN - WE 2L, ToBEECREKTET L2
W [1], #H LWEEERBUZIZRIBI O 22 WO i E O LR E(LDSBO CTHETH L. L, FED
ML Z B2 TR A ST - THRMEMITITE R 2B OMENTFREIND 5T, EBIC
BENFERINDEE XSS DT UNFELRY. Fl2IE, fcc BENPLEZOND LR E
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2. Z3E Fe(Pd,In': BENERK L ERHEDEE

Fe-Pd-In — t R AEDAKEIT O BE, Fe & In BEIR LRV 20, ZHEN DR F-HER)N K B
(2720, Fe-Pd &4/ Pd-In @72 EDMAGHENE Z 9. ZD7d, =Z5uHE M7 L~LT
BEINTEEHEEL RS ED70I21E, IEHERE OB W =J0RKIEA T /RO HE
Thb., 7T, ALFENRZBRAME () Pd T 2R OERK, (i) In & OA 41k, (i) FeO: #H
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25 63/14/23 at.% O HiIBRIA S /
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e L 7= A JRFJEEE © Fe' (0, 0, 0), Fe' (0.5, 0.5, 0), Pd* (0.5, 0, 0.23), Pd"” (0, 0, 0.5), In"’ (0.5,
0.5, 0.5), ZZ[&E : P4/mmm) &L RIE Sz (X 2B). In % PdIZ{EH#T 5 & Z3-FePds A& (20 Y4
T 570, ZofiEE 73 M Fe(Pd, In'); & £l T 5. ZBRBEDOERIZT I TOLEEMEED
THMEBIN2L, KRR O TOBIE 2D,

RIZ, Pd/Fe=70/30 at.% THEEL, In EAEAZ X7 (Pd/In=89/11, 85/15, 83/17, 73/27 at.%)
AIBRIA T ki % SRk L, & e BULEL (1073 K, 3HER) 217 - 72 R XRD 12 X B i fighr 247 -
=& A, FNEFEN In & A L1-FePds #H (Pd/In = 89/11 at.%) , Z3-Fe(Pd, In’): £ (Pd/In = 85/15,
83/17 at.%) , IR&FEihtH (41-FesoPdsw, Pnma-PdIn,, I4/mmm-Fe—Pd—-In) (Pd/In = 73/27 at.%) T& >
7o. F£72, In&H L1,-FePds }H D EXAFS fiffr 24T > 7= & Z A, In X Fe Ji 70 B I BN AT E
X TWDZ ENRMER ST (LLF, L1, (Fe, In)Pds & %52) . L7223~ T, Ro- In &
DOHIPH TD I Z3-Fe(Pd, In')s HEENTER SN D Z 08y - 72, Z 2T, L1, (Fe, In)Pd; 1A &
73 T Fe(Pd, In“)s fHD In BN EICIEH T2 &, 664 Fe LB LAVWREALEICKE SR
TWDZERGND. ZOBEBRMEORRMEIL, —JtRHEK EFGRARDSZEDTE5HFe b n
DERCERVEHAZ R LIZb D TH S.
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% (E) @ SEM #&. (F) E DK XRD /84 — %13 5 Rietveld AT O 55 (23 % Fe(Pd, In')s HA
FHC Rwp=3.35%, GOF=193). ZZ T, BATENT—%, RERIZT 1T 4 > 7R, &
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BINehote (K3A-C). T7bb, 1073 K LLF T, Z3 BUAE&E IXE1#MICZERMTH
D EWRTINoTE.

Wi, F A BRI DEE LT OVWTRE L. 2L L3 ey, F ki Tk
R BEEE = R VX —, B, TAABEORT, BLXORED =RV —OHEIMNTLS
FLZEEDOBIN R EARMOIN TN [7,8]. ZD7d, T /%A XpRIC K HHEELENMIZD
WM T D701, RIEODRE 72 Z3 A Fe(Pd, In"); G A TERT DL ERNHDH. £ 2T, &L
FULIRIEFE T D A1-PdIn@FeOy 2 7 @ > =/} / KL ¥ (Pd/In/Fe = 61/11/28 at.%) ki1 [E @&
WL DR OM KL EAT o7, BB /R FE2amT 27O H LI AEEA 7 (F LA v
TIVEBIOF LA V) 1R SCEVLEE T IR FEM L 72 0 R TEOfE 2 T 2@ E 03 e 5
[9,10]. ZD7=®, ZEX T 573 K T3 BEBVLEE % i 9~ = & CHBEENL -2 FRE L7=%I1Z, 1073
K T3 LB T AT 72, Z DR, Z3 8 Fe(Pd, In): #iE D~ A 7 nhi+ N S T
W5 Z L EEERE M (SEM) #8122, B X OWR XRD HIED LR L7z (X 3D-F) . —J7,
Pd@FeO: 27 @ > = /L) R & In~A 7 2hi1DIREY (Pd/In/Fe = 64/14/22 at.%) %, 1073 K
T3 EFEE BV L 7-56, IRA RS (L1,-FePds, Pmna-PdxIn, 14/mmm-Fe-Pd—In) /3 A% S AU
. ZROORERIE, YA R FT Z3 B Fe(Pd, In') #iE DL EGICE S LAWY, Fe, Pd,
In DF / L~YLTOIRATE Z3 B Fe(Pd, In") #3&E 2B T2 L CHETHDL ZEEEKRL TV 5.

B8z, Z3AEENER ST WERRZFRET 5720, F—REFHRICH-S VT L1, Bl
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4 (A) 73 BiAERE RS L OV L1 B O FePddn: ((x, v, 2) = (2, 6, 0), (1, 6, 1), (2, 5, 1)) IZ8
D EMT R LF —. (B) InHABECICHE D L1, B (Fe, In)Pds #§1E & Z3 Bl Fe(Pd, In')
HEOERT RV F =07, (C) F—HEFHRIZ X V15 547 Ll-(Fei, Mi)Pds 3& & Z3-
Fex(Pds, M) #1& D Al = % L ¥ — D 3% (M = Zn, Ga, Ge, Cd, In, Sn, Hg, T1, Pb) .
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Etom = E[Fe.Pd,In:] — (x X u[Fe] +y X u[Pd] + z % u[In]) (1)

Z 2 T, E[FePdIn.] 1% L1, B & 5 Wik 23 B AE & O Fe.PdIn. D 4 = % )L ¥ —, u[Fe],

u[Pd], u[In] 1 ZZZE4 L Fe, Pd, In DILFERT ¥ L ThDH. ZORE, WIhoEEick
WTH In DEWGLED Fe LR LRWE EREE LR, FEREFAROERNGELNTZDIC
Mz, In OB AR T L1 BIEE)N D Z3 BIRIEIZLEMEDNENT D Z LA ahoTz (X 4A) .
SHILA2BIV3IC LN > T InEARBAGIZHE O L1, BIME & Z3 TGS Ol 1L % —
D (Epn— Ez) ZHH L7728 25, In/(In + Pd) = 8 at.% % BilZ Z3 B IE N L EIC /R D 2 & 0345y
20 (M 4B), FEhrEBW—EE R LT

Ern=n X E[L1:~(Fei, In))Pds] + (1 — n) x E[L1,-FesPds] + n % u[Fe] ()

Ezn=n X E[Z3-Fesx(Pds, Ii“)] + (1 — n) x E[Z3-Fe:Pds] + n x u[Pd] 3)
ZOFRETIE, BREGEEEDRV ALY THEEZIT- I b b TERER & BV —8
ZRLTEL, HEERNS LT A RT3 M EOLZENRICEEG L TE 5T, In0E
AR Z3 B E OFERREREN /) T 5 Z & D358 < R S vz

TUE, In OILHEMMENEDN Z3 EIEORICHF S L TNDHDOTHA I N2 £ 2T, AHEE

In DFIICH D 12 ~ 14 [EOEJFEITLHE M (M = Zn, Ga, Ge, Cd, Sn, Hg, T1, Pb) % In DtV (Zi&
LT BRDOER T R F—IZONTH LR & RIERICEHR L7z, BBREWZ L 1T, Fe B X UVPd W
J7 & EEE AR 72 ot (Zn, Ga, Ge, Sn) TlE, HARIE TR E LT LL RENZETH 7D
IZ%F L, Fe &IXEAETE 72208 Pd & ILEE ATREZ2 63 (Cd, He, TL, Pb) 2 H A L7256 1%, Z3
RGO T WREIC /2D Z R ahoT- (K4C) . RFHFETIE, MRENICT X TORESHEZE
LCEAE L T ianWee, Z3 BRSNS L1, BREEICHRTRZETH D Z LITFE 220, Z3 Mt
EATERATREN I AFEDTH D, LAL, In DRIV IT Pb Z RO FIETEHRICHE & L TEA
U TBVLER 21T 9 &, Z3 B Fe(Pd, Pb*): M SRR L7122 L 05, FHREMICH ERICHE =
JCFE D JCF ARG Z 203 Z3 RS OTE RSN ) T 5 2 & 3R R S 47z,

4. 73 I Fe(Pd,In%:; #:& D Wit

73 1 Fe(Pd, In"); Ok %1%, Llo-FePd 13 & bet-PdsIn #i& & Bk T I2E ATV D, ZnE
LD, @WK R ET XL X —% b DK ARA OMEE [10] & KBV ERE [11] & B
FCTHET D720, BERERIICIEZ3 8 Fe(Pd, In": #1E 13 2 0 — >0t 2 /R4 AREM N H 5. T Z T,
FPRRFHEIZOWTIHRET 5720, IREEUEHUEZ 5 (VSM) 12X Y, =R T T Llx-(Fe, In)Pds
F / Ki+ (Pd/In/Fe = 64/8/28 at.%) & Z3-Fe(Pd, In")s 7~/ Ki+- (Pd/In/Fe = 61/13/26 at.%) & M—H
MAERE L., ZOEE, E66bRREORMBLE b OMBMEERTH o720y, Z3 AEED
FFH L BREEIZ R TISFIZERmWRBE 2R LTc, £z, ZORBDOZEIL, gD
FERRRE AR TE = R L X —DFE (L1, BIAEE © — 1.38 peV/atom, Z3 BUA#EiE © —0.213 meV/atom) (2
RLIR9 2 2 &R B RIS LV MR S, Llo-FePd f & ICHEBLOBRFFEE R T 2 & 230y
MoTo. T 2T, BN R R T L B — 2D < BRGNS BRRRAE & 72 B 03, Tl 4
DOHIIR T GRS, kiF, Kba, Fil, b FROBKORMHAEERZRE) OZDICHBRIELD b
RELJADT 5 Z ERMENTNS [10].

—7J7, 300 K & 330 K281} % Z3-Fe(Pd, In’); 7 / Ki+ (Pd/In/Fe = 58/11/31 at.%) 07K 3 W, jisk
Btk %, &0 A5 B 2@ (BELSORP-HP) # W THIE L7z, fERE LT, KEWHZE
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5 (A-D) Z3-Fe:Pds 13 (A, B) & Z3-Fex(Pds, In)) #3& (C, D) @ DOS, L%
#35 » DOS (PDOS) .

BIMEGE SN2 otz T2 T, B FBEEE» OB O Z3 A Fe(Pd, In)s 3 O MR RER

(DOS) ZHEB LI L Z A, Pd D AdELTED K DIZE TN EA SN TNDZ ENph-o7z (K4) .
Pd R A4 D KFEWEFMEIL, Pd D 4d 8 DR — VB T LE > TKEWRREN D5 2
ERRE SN TWD T [12], Z3 B Fe(Pd, In): #:3& 128\ T4 Pd @ 4d #5E OE 7 HATIREED
R U CRBRIBEFERHBLL o lc B b D.

BtklC, Z3 ARSI D In OFEIZ L S DOS OEWVIZOWT, F—HEFHREOR R &
(CEZ LTz, EHICHEIRE N Z L2, Z3-Fe:Pds & Z3-Fex(Pds, Ini") DRENIZIE, d /32 RIESe d
YR, BEOT oV IEMLLEO DOS IZKRERENRND &R S 7 (B15) . s
PECK BB AR 72 &2 < OALEER - WERIRHE 2 Fi 9 5 1 C DOS IXE E/RFEE & 72 5 73,
In NCEE A S 72 Z3 T Fe(Pd, In®)s 728 Z3-FePds 13 L 1FIE[R U DOS AT 5 Z &3 TE

FER.

5. &Iz

ARFIETIX, B LWETESIZIEAR T 5 5k L ConEMMEEcE L, X ToA44HM
Z G T b R D 72 Z3 H Fe(Pd, In)s #EXE D JERRIC L Lz, Z3 BUREE T ARICIE, Fe, Pd,
In 2 & eRIBRIAT /b7 OB ICELE N A2 TH Y, & 51 In OTHRFIANE Z 2 4% 23 Ak
EWOREE FRRICT D 2 &N FEREFEROMmE OB Il o7, F£72, Z3 Bl Fe(Pd, In);
W1k & Z3-FePd; 51 CTlX, d /N> RHERS 7 = /b 2 MEALITEE D DOS (C K& 2z 7e <, BLlif7a
Z3-FePds HEE DM EBLL TVDH Z L bER I L. ZOMRIE, —HOMEEIZ L2 KH
BB E S S FlE ORBRITED 2 &L, TR TOMRERFRICHARSLZLDOTX S
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KBFGE 7 — N THRAIT LTWFgRIE, SelaFlla#de, ek B RFEBIZ, HmEB#, 1FHR &
WS, B MRS U R PAL AR ZERT) , SO SEHEEER (AR, LR E 2 OR
FERSERT) , IHPNEREZER, MEMARBIA, TERERK, JIEsEiK, BN =K U RS) ,
YRS RS — IR UL LEKRT) & OLRMETHONTRRTH D, £, G ISPS #
PR B SR (S, B, C) , $REAOANZE (Bi2F) , FeRIFsE B mE:, /727 /mo—
7T b7 —nHEE GREE S IPMXP09A18KU0274, JPMXP09A20KU0357) , iy i & e A
EETEE v & — (GRIEE S 2018A1666, 2018A0910, 2018B1119, 2018B1422), M AL KZMiE
WFFERT,  RUCER R Ak 28 i [ B 3L R S R R L S 3 GRAEER 5 @ 2021-22) O A 1T
TiTbhlbDoThs.
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