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WFIERE R O EE (% 3) : Based on quantum mechanics calculation without empirical
parameters, we successfully develop calculation method for predicting structure and phase
stability in alloy surfaces as well as alloy nanoparticles with high structural degree of
freedom. We develop “Grid-increment cluster expansion” enabling accurate estimation of
structure- and configuration-dependent free energy in nanoparticle, which significantly
enhance applicability of first-principles-based approach to alloy surface phase stability. We
also address how lattice vibration affects segregation for alloy nanoparticles, and propose
new concept of joint free energy gain that can universaly describe lattice vibrational effects
on solubility in surface alloys with solid solution composed of first neares neighbor pairs in
multicomponent systems.

AR EFR
(HHHAL - )
[EEESES RiEESES & Ft
2010 FEE 1, 600, 000 480, 000 2,080, 000
2011 4B 1,500, 000 450, 000 1, 950, 000
R
R
FHE
it 3, 100, 000 930, 000 4,030, 000

WFFE 8y - T2
B o - HE - &R
F—U— R FFHEHE 7727 —REHE &4&Fm MWMLEME ARt



1. WFFEBAR Y WD 5

B A S O fR TR AL R X O
R EECHRICKRE < END. 2D,
1 O A AR L TENE O E = 72 BRAR AN S
M EOBLEN LD TEETH Y, ke
MBI E LD, L, AEeFEm TIEYD
T EIC L A FREHEEOE(L, KETORT
DOILHOEE DR TR0, Kififef O - HiE
DA R R IS FIET D% D
BENL, ERICBIT 28T — X BARE
LTWAZ ENL . LER-T, BB/
FA—HEVLEBLE LBRWVWETFOERIC
ESLEFHEFHELZ AT, G48REOH
L HEZEN A REHRICTPRT S L oEE
BT <, HHEMEI ORI - IS D
T2DIWZIEIMBERAIRTH D, FxlTiBEOH

FENTR T, Rl OGN CR - IRE 2R,

W AE DO RE TEE LI KimOMEE - M
ZEMNZF -FRBHE OB THIT 2
OO TEEFFEL, HEOR~OHEA %@
LCEDOARMEMRL T,

2. RO HB

AR TITRD AT v 7 LT, THET
DOFHETELZ ILIZEB I, (ECROTIET
TR WA REETH - 72, HEOHBED
BWAESRECA LT KA DR - T
M2 IEREIC TRIT 570D FiEZBEETS.
EHICZDOFREICESNT Pt ZELSEB
BT S RA DLEIE - YL TE IR EIES0 % D fid
A2 TRIL, KRFEOA AL Z#HRT 5
L bz, FmigE L ABLRHE O BIMR & L
IS D JF AL - FLER & o T2 8L B R
MINCHEER L, 2R e E 2R L
LTW5.

3. WHED ik

WEOHHED®HWAERECHFET /
B DIFFELE - AL - FEE TR AE L 72N
TRNF—HETZ RV -, ks Z
A A —RBETITFREMICER D 2 2. =
x, 7 7 AX—EETRYDIKE DO
FEFTL, TOEZONKTO L TRIEHM
BARE L TV DO AR I
BIELTLEI NS THD. 2Dk H2ME
RERRT DD, TexlIntkors 724
— R A RIEIC R R S8, MAEREE
IR L\ 2 f8H D Tk AR T2 T A
X —JRBVE (VLCE) B XUy 7 A 4
—JEBAE (GICE) Z ¥ L7z, miid o Fikid,

KT fee—hep PR E 72 L, BEEHEE N
FEESARRITIKAE L O D R & @R RITH
Wz D, BEOFEL 2=y FEALAD
JRFEDRZEALL 5 2568 2 2RI Y %
A BT, T KA OLHRIpAE & ik 9 5
BRIV D, 2 b OFELE R RS
Monte Carlo ikt flAGbE¥i7 0 s T 2%
ER L, —HOLE - WLEREEEE A
@R OREE T LT

4. WFIFERRE

(D) &4 7 R ORI 283t 3 5 Ak D
WERB LK TIREIZNE RirZEE & 8|
IR BE D FAM

FTHAIL, TR OBRBPEITICE 2
DB TR D012, b5 R bR S 4
% cuboctahedron ¥ T8 icosahedron Pt-Rh
F 2 RiFH O Pt DR RV F—2 EER
WM L7, £ DR, icosahedron TIiX
cuboctahedron & Z L7210, & bBENLE DD
720y vertex A LD 2 FHICENLED
MUy edge A MIT Pt R DMESEBIITRAT
THHERAR L EEHLNT L. T,
icosahedron @ edge %1 MIZEBIT 5 Pt Fi+
DA D Rh LA DFEFZN RN KR E N & &
Pt & Rh DR MEBEDIEAR D IZ L > THEE
BIWZRAT2RE— A "B THZ L L
BESIF 5 5. Fig. 1121% icosahedron 27
FAL—HIZ Pt N 1Y A FBLO2H% A b
EEEHETALGAEDOE 3ITHEE TCORTHEE
HiE D o3 AT AR g,

edge-edge |90
j 1 lhl_uO
90 | vert vert-vert edge-sub
ol L LM p il d L
5 edge vert-edge edge-core 90
E il ho bl
Z sub vert-sub sub-sub
Lol b o
90 | core vert-core sub-core 90
mJ | h.“ Im Lol

2 3 4 5 3 4 5 3 4 5
Interatomic distance, r/ 1.0x10-" nm (&)
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Fig. 2 Pt composition at symmetry
nonequivalent five sites as a function of Pt
composition in Pt-Rh nanoparticle at 7 =100K
and 1300K.
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Fig. 3 Pt segregation profile of
symmetry-distinct five sites for o =0, 1, and
0.5, as a function of temperature.
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Fig. 5 Surface mixing energy for all
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hep (open triangles), and mixed-stacking
(open squares). Solid and broken curves
denote mixing energy for disordered phase
in each stackings.
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