View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

FRmIg:. 10384 A = L
%#%5. B200424006 UDC

B R}
Mo+ % B ® X

RERE AN NE R F I - E R

RELBFASRIEREE:
B &R E L

The Ordered Metal Clusters on Surfaces:

+

BE : : —_

& Electronic Properties and Structural Stabilities

2 R A

Jif

% . g

43 BFRITHE: K H & #HR

%

& + ¥ 2 A E L Y HE
WXRIXBH: 2007 £ 5 A
WX EFE: 2007 F6 A
Fi53%F A 2007 & A

ERMBERRER:

B ‘

il oW A

¥

2007 &£ 5 H



https://core.ac.uk/display/41425074?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BOVAG5GELEE P

ZREEDOFCHL, BALGCEGHRESGTHIEROGBERR, ALBHELEGF
HEAGORBGIT LB ERGDBERR, DL P D NS X3P, KAREEHinkILd

HiEZ P AR G0 $ (G,

AN (ZE4):



BOAZGZFCHELEGKREGH PP

ARNGER TR TRAT RO Al 2710 SCIRE o 1) R AT AL LR B T 11
KB BIR @ U RE A ST AR TR H i, A BOKE 2247 10 SCH TR H 1
(/b ST SRV SCHE N ER I A VR A B, A7 K 2 18 SR P 259 N AT B
BEATRY R, AT BCKE 2 018 SCIA R BRI B R o R TR 25 0 18 ST i 2% i 1 A 1
i o

REERLR SR T
LORE O, FEFME RE AR .

2. AR C )
GEERL_ AN S A4 “ v D

TR 24 H 34« T H H
IR - H 35 - i H H



JEZ TR 2R R S

" =

R A HES 1) 4 S8 A AR A e o B FE A 1 S, T — AR 27 L A R T R A
A AR AN R AR, ARSI A TR e, W RO+ 25K
fasE g 777k, AITCGEM BRI AR T RSFHIR L 25054385 i 2 Fh 4
JERAE . Tk, BRI AT AU AT R — 1% LA [ — AR IR A F A D] B SR T
BT B A AR DG Ay IR 25 P A T 10 7 S o ANV SO 35 — SR A vt
FLIH 4 e % Nby, 447 FPHEPI7E S )8 Cu(111). Cu(100)ZFfi. - 514k GaN(0001)%#
[ R4 254k NaCI(100)%5 1 L gh tfse R i e, 3RTG — RO EEE L,

FRATTI VT 45 AR W < DU [T AR 22 A4 B 1) Nb, [ e nf AT 2 HU IR Cu 111D
Cu(100) . GaN(0001) F1 NaCl (100> Fifi Fo #F Cu(111). Cu(100) 1 GaN (0001) &
T L, ZEREEHIN Nb, LEDUTIASS I Nb, 58 “Fase” (BRE KIS A fe) » IR
VU T PR R L) Nb, PR BIZE A AL, Tl Mg mi 2. g/ v s,
E Nb, W Pff5, 1R Nb, FIRRIRIAT W Sk 1) 0 g TR 0 A, 3 0HT D7 (¥ P2 S AR )
B, BEWRE PBIRS R RAR SR G B A . T N, wf DUR e HE, 1 FL AR LA
A e 1R BE BT AE Cu(111)  Cu(100) BA Az GaN(0001) Z1HI b, WX )44 R AR AT fE
HEEMNHMME. 5 Nb, WA Cu(111) . Cu(100) LK GaN(0001) 2 i - (¥ 175 30 A
Lt, NaCl(100) &1 | Nb, HISRFIWR B REAR /N, 1 HARTH 55 Nb, AR A1 A A B S 1 gy
oA, WA Ff% S NaCl 2 1H 2 RS (A BLAE L, 1X 5 NaCl (100) 48P 1) & i
JFR 8. (22) FIHER KI5 45K 16 Nb, ATIU T 44254 ¥) Nb., (8T8 B A 22 AR /N o

HhAh, HLATEE TR ], 7E GaN(0001) F il b, (2X2) HFEHEA 42 1R] Nb,
P #5210 () L35 B A W RSB, T (33X 3D (R HED 20 L 0 0 Ak A1 T ) L i
S, (3 X 3) MR B RS DR Rl ST A% (0 B K B8 P RS, R S0 B4t T BB S 5 40
BeJa, AV LLATSE T Nb, BIRRAEA R 1H R 1t . 45 REW, ERTH IR
T b, B JS () Nby A% A 30 45 Js 7 TR B8 DR B I SN BERRAIE , X AEJ2: Nb,
TR LY R 8 (1 P AHE B I e S BE TR 3R, T P A% 5 AN TR Aol JE PR A E AR AR Pt
AR FAR e M T

R LB K SRR



Dissertation for the degree of philosophy doctor

Abstract

The ordered arrays of identical metal clusters on surfaces have very important
applications in the ultrahigh density recordings, next-generation micro-electronics and
surface catalysis. In recent years, experimentally, the ordered arrays of several kinds of metal
clusters have been successfully fabricated on semiconductor substrate, using the “module +
the magic cluster” method. Therefore, it becomes very important to study the interactions
between the substrate and the clusters as well as the interactions between the clusters
theoretically, which is crucial for understanding the physical chemistry of the system. This
dissertation employs the first-principles calculations to study the structural stabilities and
electronic structures of periodically two-dimensional arrays of Nb, clusters on surfaces, such
as the metal surfaces Cu(111), Cu(100), the semiconductor surface GaN(0001), and the
insulator surface NaCl(100) . The main results are shown as follows.

Our calculations show that the Nb, clusters with both the tetrahedron (3D) and
quadrangle (2D) configurations can be stably absorbed on the Cu(111), Cu(100), GaN(0001),
and NaCl(100) surfaces. On the Cu(111), Cu(100), and GaN(0001) surfaces, the adsorptions
of 2D-Nby, clusters are more “stable” than the 3D-Nb, ones (the better stability means higher
binding energy). The energy barriers for the 3D-Nb, adsorptions to the 2D ones are relatively
high. Electronic structure calculations suggest that the adsorption of Nb, on these surfaces
causes significant charge redistributions between the surface layers and the Nb, as well as
remarkable changes on the electronic structures of the surfaces, implying strong interactions
between the clusters and the substrates. The fact that Nb4 clusters can be stably adsorbed on
these surfaces with extremely high density may have important applications. On the
NaCl(100) surface, on the contrary, the binding energies of the Nb, adsorptions are small,
and the charge redistributions between the surface layers and the Nb, adsorbates are tiny.
These facts mean that the interactions between the clusters and the NaCl substrate are weak,
which is due to the character of the insulating NaCl(100) surface. The binding energy
difference between the 3D- and 2D-Nb, (2 X 2) arrays on NaCl(100) is small.

Furthermore, for the (2x2) arrays of Nbs on the GaN(0001), the calculations on the
difference of electron densities show that there are charge density overlaps between the
neighboring Nb, clusters. However, for the (3x3) arrays, the charge density overlap
disappears. Therefore, the (3X3) array of Nb, on the GaN(0001) is the one with maximum
density for the separated quantum dots on this surface, which provides an important data for
the experiment. Finally, by comparing all the systems, we conclude that Nb atoms within the
Nb, clusters remain strong covalent bonding when adsorbed on all the surfaces studied,
which contribute most significantly to the stability of Nb, clusters on these surfaces. The
interactions between the clusters and the substrates also impact the stability of the clusters on
the surfaces.

Key words: magic cluster; surfaces; ab initio calculations
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1.1 ARBFHEAK

AR FEHAR (Nano Science & Technology) & 20 22 80 4FAUAK, 90 FARHI A JiE
ALK IVTRTHT, AR AR o GKBE A BRI HREAS AR S AE QK RV T A AR
AR, W EREREA LR, 1, UENEHFEY. HAE 1959 4, LHEZEA
MEE o, U DR %3R435 %2 (Richard Feynman) SUicAR: “ U1 A — R AAT0) BLE%
WA QISR Ry eeeees, IR ANEAT 2RI X8 K TR BHL I S P AF
R SR, GKBHE I A A 28 2 0 TTE C8 D O ILSK, IEAER NATTII AT A AL 2 A i
PN, JRE YR, AL, MPREE AR AR TR LA

#2K (nanometer) f& ML AN, Hl nm &k, Inm fE 120502 —K. 4R EHE
TR AN BRI E A 100nm LR RIS EERT IR KL BLAE, |30, 9K RLE Fia e
=Y (Al DA YEARAE A K S T (1 —00nm) B3¢ e & AT AR e AR 50 TG 1 1)+
Ko QR BHZYER Y 7l 5 h =25

(1) &Yk, $RAEDR ZYEUERAEGOR L, MAR RN 51 R

(2)  —4k, JRAELEA PR TARREE, MgrRE. GRkkE. GOKRE S,

(3) 4k, fRAE=4E AT iR KL, WOl . ZJRME. B AR aE
MR ERAR BN R I, 2 I VF 28 Ay I B2 BT, B — 22 R B
L AN I YA VAN 5 SV U e s Sy IV & TR IV e Up S RTINS
AREFE

VB R K AR 2R T I 1) ROBEE FE R 2978 1-100nm, 33X AT 25 AR HEAT I 9T
B, S NATTVCRP S 158 2K & 1w B iR, R BR S B TR Bk,
2 T A 5 e A RIS S e AT T I A R A

A RBRIG AR AR R P ELEWT SO MRSV A LA ) BRI G R BN o AR AR 2R
PR T B PR R RST B A P 3 RO 2800 7 BRSO« 2 W BT Ak AR
T2, AT S BN K AR 2R B A5 R AR 3 ROUL AR 2R AN [R] A 7 PR 4 BB 2 R0 2%



Rio FARAERT N, 57 A S K S T B AT BUR AR B
L, W7 R ERAE AR N AR SR, LR 2 BB, T B R R A,
HL7 (K RIS AN PR 5 o RO B B AROR AR AL 35 1 5 7 O BAR, 2B A (1
HEELLRET N K T, RIL T 7P SLIRES, &1 JOH RN o0 W, IXAESR AR R 1L
o L BRI DU MRS, BV 2 B AR . AR R BT R R A
KNG FFT LG OB RN Itk B3R HUBr R, S HUBT IS, I sAPRIA R
B EHESE . B P SRR OO W AR R A ke (e, s 7 A i I A A
BB, KIECS AR IR AR SR AE RN o T, TS SE Ik R S AT A gl K A
A E AN R R SEEP B S BRI LY P24 E 2 (March Meeting)
Ly XTI SCEERT N, 98, 99 fFE AR RIS 90 AEARHIIING N T 10 .
] B AR A8 T P AN AR ARy T ) FEL B e 13 JRIBAE" NI JYIMR], - [ KRBT
I K I e AL I, A RN BT FIA GURIIBT I, FEGURAR R MR
AR R O 2 4.

AR AR R YT ] = AT

(1) GRATFREAIE R

RPN VAR NI SR X VAR -G SRR R e e | B &L b Al S e N
DL A ARSRTRL 1) NANFES Y, eSS AR RGO R I 3 i BESEES
P LSRR FOST R HES o B 28 AP 5 HAA R AN R, A7 AR SN a0l LA
HOWURL RS« SR8 SR SRSz K P D PR IR i SR o 4 LU T ARAIRINS - L3 B BRI 24
KRPEE EES, Ty s T DU 5Bl g oK 35 228 il 3l oK i 73, AR R A0 3L
Kb 25 21 3 WL IR I SO A2 AORAT P R SR AR KR 5o O BESS IS AT AL i 5
s TR AR R SEAMEA RIS 1 AT NN AR

(2) gKFRL SN LR SRR

KRR AR AR B BT RR S 78 2 2AT SO R I 22 B A 5 o g R0REL ) A
g, WalLOE A DOERER T, ] DUZ B A N, A LR AT LUZ
A DRRERBE IR R, A3 BT LU B AT B T L2 AT P HES . R BURIAR 78
JERET LR AR T R RIR SRS & XM 2 T AR LR SR L T BEAS
(7] T AR AR AN 7] 5 A AL A B PR RE, AR FBT IS . B0, IR e ks
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(3) YRR AR A T A R R

XA R SE B LR UK BORLEIF AL, A, L MR R R SR A A
R RBOR AR, FEANHIOVERR, R AR i h HEB AT 7 R 74 T Bt
AR R SRR, I — AR R IR AT BE A 5L B 5 OUH BRI

(4) GPKEIRE SRR

IX AN ZR 35 AN OIS AT O [ 44 o Pl 0K 18 /N RO 280 5 T A 13K
AR %R R IV 2 B A IR . AR ) REDCRON . A v BRI #R i
R R R PRI S ATE HIHTEL S, 51 T HERES Y BAI R B2 KA
PR TERFFUBORLI R ST B3I 20 A1 SARTR B 43 LL I AR AR & R Pk BRIV s, ¢
TG A2 1 J DR i A0 K B R R B S I S

AR 21 S 50 J - BARILAE DRI R B B KR R AE R KA R 2H
B Fo UK G RO BT BSOSt 2 5k B LY, IR RRATT A &R 2 VU
VO RE AT A3 B AR, 0 0 e % [1-3] s [3] —4EMgkig [4-6].
ZAKLL (7, TR AAN (9], LML (1014, I FRBL. J5 72> T4 B 1t 52 360
AWK T YRR ERALE,  dnifa) €A <5, 1fp STM [11, 12140 AFM [13]
(R BRI B RAE A T 3 CARF TR, n] RLAE S5 (R K b i el i . IR
TER KA B 2 i B R0 P R B AR A T — 28y, A AATTE 21 T 41 1fe
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EJEMLZ R, MBE RSO, A AR E e E AL . AL R AR RETE Y
JUE, H100 AT ARNA R AT Al AR, SELBRRETE . SR E, PRt AN
{7 L[ [ AR RHD) R ORI AN N, it 2 Bl a5 A AR, AR B/ e s B A A
TR, IR 2 BB BAT [ AR BT BCA IR) FLOORFR IR R E IR S5 4 o
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eIz G R, DA RRE Pk e [32] o IX BT SE 1 5t 7K H AR 4) % (magic number) o XJ%K
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