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ABSTRACT By using the discrete variation X, (DV-X,) method, the electronic and bonding
structures of Ag particles with (100), (110) and (111) free surfaces and Ag-Ni semi—coherent inter-
faces were calculated in the framework of the nonrelativistic first—principles theory. Several bonding
parameters such as the bond overlap population, the partial bond order of intra-layer and inter-layer
as well the local environmental total bond order have been applied to characterize and analyze the
melting of Ag free—surface and Ag-Ni semi-covalent interface. This investigation preliminarily reveals
the electronic mechanism of pre-melting of free—standing Ag particles and superheating of Ag par-
ticles embedded in Ni matrix. And the pre—melting and superheating degree as well melting modes
of Ag particles with (100), (110) and (111) free surfaces and Ag-Ni semi—coherent interfaces are also
discussed and predicted.
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HHTHETR. KENZRHRSHEVSEUSERERS.
BHENFREMRE Tn B% IR R T 5E 5 To
& (BP “Bissskr), BB —BAEETFH, ZEHE&EN
A BRI &R B i Pb{110} WAEEKTFHR
k455 100 K BB SEM, ™ Pb{111} @&
EFEVEHSU LR ENEIE ARy & E 10,
MFEBAF, TRAR: ERFRMABE, SN
ARER, W TRINTHL; FRFSEEREE—
ERFE IR AR R, BRETCER/D, NRF5
et 01200 3P 0Rb B SEHHOR T BIE R g
¥, —R A Lindemann AL &2 0 13 54
B, BT EHATER ERERA T B S g0k F SRR F3
FRABHK/D, UELZRFRATRE v HEREE, B
I, RFEAFENERAMERES BN EM L. T
££3€, Schmidt ZA 4 #EHF3 Na RFEABEHR
TR AL, B BN TR S BT R 3R/ T R AY
wibiTy 8 AR E L e E T E S e U6
TESHFRENYWE. Bl, EdXEEEhEr ST
BREBFEMYTR, BiFESEFTIBRIR.

YA —F R BN TR SRS/ MEF
BESEME —Ag R FRAESR, AMI—EMHE
REAWREHTIRXS. Bir TR SRR REN.
S Ag BT RABAERERE, I Au SER Ag ¥
Fit T ik 25 KOO, 1 Ni iy Ag B FUE
T3k 70 K7 Shilt, S EsgFiol FaY B pRE S5
BAEHTE RSN, FEXEEH Ag T
5 Ni @8 Ag 4k F (H#%) EFARETFHBRFENH
H5REVUHE, RIBINEM SRR F LA RN

1 iAW F=*

AR AT E TR EEN R E - RE S FHE
DV-X, #Ag % 18 {HB\EY Elis & DV-X,
B 19 gk DVSCATRO2, 74 (MO) ¥
R & AR TFHELRELS (LCAO) IR

Su(rx) = Z Ciixi(Tx) (1)

AF, Ci HRY re BERSOBE  xi(re) AR
FHEEEYR, TELR-TEEAE (cluster) EEA
JRF Schrédinger FRHZMERS B, FEHRAE
EWMHEER. # Secular # (HC=ESC) iy 58
JC Hi; # S;; i FREE DV H{ERG KT E .

Hi; = Zw(rk)xz-(rk)h(rk)xj(rk) (2

k

Sij = D w(r)xa(ri)x; (rw) 3)

k

AF, w(re) BEMREHBRINE, BIE r SEREE
B E¥;, h H%EEF Hamiltonian H%F. Hartree-

Fock EHFHZHE Vie RA—MRE Rl FHEAM
*H Xo BRARE, B

Vie = —3a[3p"(r) /4n]"/* (4)

A, pl(r) NEAERBEETEE, o F—HE FTXW
J9 0.7, HBHETHALERAERERA Mulliken 3 /EH
SuTh e 22 SeRIE. KPS I A FRET 6 5 X
HEBREREEH

Q4 =CaCi Yy w(r)xi(re)xi(re)  (5)
k
SFE RS FRERA, B8 x: 5 x; HESES
REBM Qi M i BUEMEREY Q..

Qi; = Y fiCuCji y_w(ri)xi(ri)x;(re)  (6)
l k

Qi=)_Y fiCuCi Yy wrk)xi(re)xi(re)  (7)
l 7 k

KF, fi A | M FHRENEFEFR. Bl
RB A M B RFHEMBEBREH (bond overlap
population)Qas REMNEF LW A FF LABRAER
(net charge)AQ 4.

QaB = Z Z Qij (8)
i€AjeB
AQa=2Za-) Qi 9)

i€A
K, Za N AWBFH Qas WA/NIHRRIE A
1 B FFREIFEHr2I 855
2 USR5
2.1 HRARBRES%

X BF] Ag iy fec MRS, K (111) EOYEHM,
(100) 1 (110) T A% WARSEHCH, HULAAHFIUHE
(111), (100) #1 (110) T Lk 1 4 Ag WFHXFL, XK
£ 15340 (12 4) 55 25848 (6 ) BF, HWET
34 Ag SRIRBIRIEE; #— RSN IR T,
MEBE] 3 A~ Ag NFRERTMBEE. L5R Ag i
Fi Ni wBErd, FI#ELL Ag Rik (111), (100) #1 (110)
ELE 14 Ag RFHFL, EFNy Ni, THY Ag, 3k
WFRERRDFIHE Ag-Ni HAFEBERE: {111}y
I {111} ag, (101)n; I (101)ag; {001}n; I {001},
(100)n; # (100)ag; {110}w; I {110}ag, (1T0)n: ¥
(110)ag. HHUBSREERMA 1 FrR. Hp, Ag Rik
R EE aag = 0.40862 nm, Ni Fif§ B EE an:
= 0.35238 nm, T Ag-Ni MR EEENR Ni #1 Ag &
AN R EENTHE (TR, Agdiik, Ag HER
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Fig.1 Cluster model of Ag free surface and Ag crystal as well Ag—Ni interface

X Ag-Ni REMRESEFK RT3 (111), (100) f1
(110) AEAIBEXFrHE Cav, Cov M Cov RKEAERE
#rJRF, Hamiltonian Ex5HEERSMITERHE =4
Diophantine ¥{E#f4, 8 MNRFHE 500 MRI> H, Ag
RFM Ni RFBEER 2 HIM 1s—5p M 1s—4p,
BN E RS B/ F 1074,

22 WEBAREH Qas 97

XtFEiR 9 MARMEHER, FXHFIRES L
Ag RF (MF Ag BEHRERAS Ag-Ni REHA, U
K Ag RESFEHORT) SHBENRFENESE
B (bond overlap population) #4772, & Qan o
R mE 1 PR

MFE 1A, T Ag Wik, FeRUEHE (111)
HE 2SS (100) mHEMERE, Ag BRER
ERFRI MR SREMZERE (U (110) EHEHE
Rk, BAEREN Ag FFRBSBREERFIERK, FER
B P AR PR BRI, Qag-ag ~ 0.12—0.13.
MNEFERBETFENEE, HTFRELINREESEF&
RREFEP OB (B0, #MERTRSRFER
FURTFHRETFES, B THSRTERERRTFMERK
B HEESRFRRPNER, SESERPRFIEN
SERETIR/D, MREBRNBHEAKRLETEENESSE
H, BHE L EEN AR E. TRk, § T8

LSRR F MR ERAR R, BB IERE 12 4 (110)
FEEMRE R ARSI U f3tRa Y, Eik
Hietk r X RERSOBL, $0% LRI NBEKHY
s (6l

XF Ag R HBERE, B TFRERFSRARTF
FEFEARRE, REREFEASEENRBE R EYE.
mR 1A, BEN Ag BFRK Qag_a, LEMMEK
Qag-ag X, RHARE Ag BFRIGSEER, FFHHae
MEHERZHNEERBRTEE RN .

® 1 Ag-Ag 5 Ag-Ni BRERREY Qs
Table 1 Bond overlap population Q4p of Ag-Ag atoms
and Ag-Ni atoms

Model

Qag—Ag QAg—Ni

cluster Intra-layer Inter-layer (at interface)

Surface  (110) 0.24030 0.17527
(100)  0.18498 0.15036
(111) 0.18007 0.14499
Crystal (110) 0.16325 0.12536
(100) 0.12691 0.12371
(111) 0.12814 0.12702
Interface (110) 0.11238 0.12516 0.18622
(100) 0.13609 0.14020 0.18171
(111) 0.13270 0.13778 0.18241
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XF Ag-Ni B3t RE, LWHRAILAEHEA Ag K
FHEE Qag-ag B/, RHEREME Qag—ag KZ, REZE
Ag-Ni JFFH Qag—ni TR, XRFAMESERALT Ag
KIELE Ag-Ni RERERII TRIESCEESRE Ni B¥
W, RERA Ag K TFHERMEREBHENES. 2T
BHROMEEFENBETR, BRTHEMEREX—
FERR, EERFIHMBRENOER, DTHEZHT
PAVESR T
2.3 Ag BHREENFELSYE

BEAABEENNESRERNMEEFRERNES
BEARX, ERIHMEBPETm, HASGH—Ft
HT LRFRREMRES Ag HRRARANSRHEBH I
TRABE (partial bond order, 484 PBO), M EAR
FEHEAF Ag RTHERAEBE (total bond order,
E&&g% TBO), A 2.
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Fig.2 (a) Partial bond order (PBO) of intra-layer and
inter—layer in Ag free surface cluster model
(b) Total bond order (TBO) in Ag free surface
cluster model and Ag crystal cluster model
(s—surface, c—crystal)

EfFHEK;  (111)>(100)>(110), 88 (111) L@ A
RABE, (100) mKZ, (110) W& BlTR,
(111) B REH SR EERSF, (100) mKZ, (110)
mHE BERAEHHELE (B 2b), AIRREREFH
ERERE TBO A TN A MHBKRT RAFEFH
TBO, iX#: B By RE R T4 5 T R RS iR T4 E
EEad, AME L RRAEIN MBI, Ag REHE
FRABL, ¥ EERHTBEAIR EAERER
B E (TBO,~TBO.)/ TBO. ¥Afti%F: (110),
(100) &5 (111) WFBEABE L AN 16.2%, 10.4% F
1.0%, AT LEHE (111) mHERERS, LR S5&MEL
BEAEY.

CHE—HATRIEE, WA 2a AL, BTAREBE
R PRERE TN ENE SEREFIEKERE (W
B 1), MIAFRREHREZE Ag JRFH PBO HHT

£% WHA—XERES Ag FKFENS5ER PBO 4

MERKR. MTEH (111) ghRE, & (111)
BREZEMEYEE 2 %, BT Ag FKTHEY PBO B
REXTEHE; X FEiER (100) B BRE, BRENS
BHErE%EME, EaTFRAKFARINER, BN
H PBO BR{nHLRREK; TixtF Ag#y (110) Bk
H, BTRALE R RNE R BREN Ag KT
HHRSRERZEX, EREAERHEE, Ffi PBO
BARKEEEAD. X, MF fcc-Ag HHRFRFR
@ (111) #0 (100) @, B FEHNEFHK PBO XK FREHIE
Fiy PBO, 2 EHEW 7 SO IRIR F IR/ S4B, B
BB i REMEHE ENBRFF S EHE, REEA
JEFENREEN, BHE “a BB, TXTTF (110)
HEXE, aTENETH PBO /MNFEHEFEFHY PBO,
BN [RI4E W BT T SO BRI VEF A AR RER, AR RIER
5, REMBELEEERZENETRNMEHZEY, &
il “aR-. ERABLETHRTRERENETH
BAATY, X8RS, HE SR maBRBLMER
H¥ R EE R TR S, A, Ems A
FrL,  (111) EHAREERY “FEE” & “dH/E, T
(100) 5 (110) ERIBHA “FRELBUE 5 “BiE
k> Bl
2.4 Ni % Ag BRI AR

3+F Ni 8 Ag B THRSLIESN, B TaEZ Ni K
FEMREE (Qui-ni ~ 0.2) AT Ag JKFREIH
REREX, GRERSHORE Ag K FREFTHB NG
%, BB Ag R TR R RTREMAT RANEAER, AL
TEEH Ag-Ni FE L Ag FFHIRERE PBO
1 ERAIRE TBO HHATA.

RAE Ag B i RE R BRASTE, ACHERET
ERFREMRE S Ag-Ni ¥3IHERT Ag REEHS
2R & Ag-Ni RE MK PBO, L B AF 45 HME d R
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HAMEREERE TBO AN TR &R (100) X
F (111) %k (110), H (111)=(110). 387 (100) REK
EHBEARE, (111) 5 (110) AEAEXEE. MHE
R&ME) TBO &H:: M TREEEER. WA Ni JT
NEEHKEE, FAERTHLRSBEYLRANETY
w, BERE Ag RFEHMASHBALIT BRIKsh A
B, ¥ Ag N RS EREEETRA, Bl
¥ FEFHEHIAR. SHERE R BORERSR
BERHEXS H{E (TBO;-TBO.)/TBO. FRf&H Ag-Ni 3t
BAEMTHRESE, W (110), (100) 5 (111) fMtdE
BESYBI% 9.1%, 22.3% Ml 14.7%. BRACHEF A
BMERGEHRYE, AWBEE —ERE, ERExAN
BB R B R R v AL i %, B (100) R faE
BEE®, (111) fEKZ, (110) REHS. TR, 5
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Fig.3 (a) Total bond order (TBO) in Ag-Ni interface
model cluster and Ag crystal cluster model
(b) Partial bond order (PBO) of intra—layer and
inter—layer in Ag—Ni interface cluster model

(c—=crystal, i—interface)

HE—F R Ag-Ni fift Ag RTRHSEREAM
HARAREMARAD, HE 3b WK, AEFEERS
BW Ag JETH PBO thiFdEM Ag B BRE—HME
fpagh, Bp: (111)>(100)>(110), iX#H Ag-Ni 3
EEAENREARANRLE:  (111) THHE, (100)
mkz, (110) BH§E. FAK, Ag FTEMRE Ag-
Ni REZE PBO ARk Hh 58 BREHER, B
(111)<(100)<(110), &KX 3 N E R EEEERAES
BEFRREUE. QB TEYN, Ag-NitBAmMLE
miaEttg (111) mHs, (100) Mk, (110) mEk
%, HENEISRN TROERRB A/ T 1217, %
BE B R R R AL R VR E AL +, XM Ag-
Ni A E 2R PBO gL BEAERERLX 3 NE Yag—Ni
RIR/DMRF: vy < Yao0) < Y- TR, WARE
BRI R /A B2 O3] Sl SR 7 BT MR
AIEE.

EAMAERERS Ag FFRR SRR PBO i
—HHBMTEN: BTZAEERE. BES Ni KT
NELEHMEM, 7€ Ag-Ni RE L, ™M Ag EFEN
PBO 7 Ni &f&—WEA R Ag R&E—MX, mWERF
BRI Ag NFERNSRE PBO MM K/MLRETE
. RAERE Ag-Ni FFHERNG GRS TEHE Ag b1
REMTFEL, EOE Ag N FEASHAR, MEE
Ag BT ERERE PBO AARXAR b NI EA5 40
SRBELAEYE. T (111) 5 (110) F@E, BT Ag
T2/ PBO # Ag @& —WZE/E Ni Bik—n/n
4b, BRERE PBO Xt K/hS B RE—#, 251
. (111) /&, BA PBO> #[\ PBO> Z§ PBO;
(110) R, 86 PBO> EH PBO xFEMK PBO. F
W, (111) FE Ag RFRBIT DR N “4rBIE7,
i (110) RE Ag BT HMILER “GOAMBL". Txf
F (100) R, g1 F+KE PBO kF2Z/HE PBO 2K
PBO, HZF] PBO #4%FEH PBO, Ag i FRHNSE
AEABEAR, 2RSS RN ET, BFXw
BAFTAB EIREHEFRETFNRYEE, BEHEL
B A AR .

3 &g

(1) Bt Ag BLFRER “TimEih” fTHETRER
F Big” WERE, Mk Ag KT RE/R “aT- U
AIAEFEIEBAE Ag-Ni K FEBRMABEER.

(2) AHEMAEEYE Ag NTEORENTSLEE
K (110)>(100)>(111), H (111) REKFIELBER
A, WVEERRBGREAY,; Mk Ag i T3HEAE
M HEEN Y.  (100)> (111) >(110).

(3) HH Ag MTHIBUSIL TR 50  (111) A
(100) &m “4rBL-, (110) RE “EHrREL"; @
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