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1

Abstract A basic understanding of the relationship between structure and reactivity is needed for a targeted

catalyst development scheme. Due to the complexity of real heterogeneous catalysts it is imperative to simplify the

problem in a way such that an essential part of the complexity is included, while allowing one to investigate the

catalyst system at the atomic level. Two models have been used, one is a metal single crystal in ultra -high vacu-

um conditions, and the other is metal clusters supported on planar oxide films under the same and also ambient

conditions.

Keywords heterogeneous model catalyst, scanning tunneling microscopy (STM) , X -ray photoelectron spec-

troscopy (XPS) , Fourier transform infrared spectroscopy (Fl1R), metal clusters, oxide films
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~ ~~ * e. r§.~~ T ~~1t~ J:imm~, Lt:!{11 ,-«

1t~~«1t[2J , it J11.~7Jc[3J;fI1' D[4J. ~W~JMif1.
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~.;1(:~1tttfI~[6-8J. ~JMif1. ~~~ ~.1!~,1WJ ~tt

~f-t~*$~";1f}j~~i1J" (material gap). ~T:R:HOC

lItl'P]~, #~*:li:JlI.~ili T -#f/r~~1t~~ : 1jl- 00

~~~1t~J:m~, I!P ~JM ~ *~~~it;(£ 1jl- ilff ~ ~

1t'¥JJ~~J:.~JM~*~~"riJVJ.;(£.@~.~~#r
J11.~ '\~*;(£~1t'¥JJ~~J:, .1!{t1~#~*~~xt~

1t!/'iftt*ffft/}t~~~[9-13J .
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~,~~.~jfj~J:::ti"(.!Ji!.OO 1) ,~I1*~~~~~j~
~~~&~ ,~# ~&~~~j&~~~~~~n-
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tt~~~[14-16]. m 2 ~~T.2:tf CO m.m~~ Pt

(111) -0 *WL~~~PJkffl.JJJi:.yIl.iRElifliij~~~

'1fl5l. :tf..T CO zlfU ,~~PJkffl~«JJJi:.y~ (2

x2) -0 ~;f'i;J ,..w..It~ (J =0. 25, 4ij:j1;I;j/f"~{ilPJkffl-

/f"«JJJi:.y. :tf~m..T CO EIif, (2 x2)-0 ~;f'i;J~

~~(2 x2)-0 + CO tlf.~~;f'i;J, RP4ij:/f"jf;Jff!!.~*A

-/f"PJkffl:tfI!Ji{il~ CO %.y. Afn:ii1l;~~~,~~

~~PJkffl~ OIJ. + co~m1t~;f'i;J~~RPfiM.I£..ij.\(.

CO2 #~:ti'J(lli-i;:. fg~JJJi:{il1'::l~~~~~~~.~
~~#ii~ ~~lli~*F~~*. JAm 2 (a, b, c, d)

lm~m~,~fn1:iJVJ.~~jIf!,.lli(2 x2)-0 +CO ~

m~~;f'i;J:tf244KtMt.ltr~~~}E,WlllfW~;f'i;J:&:,
~TRJj~~~. ~Ji!(rifi:~fl1,CO~~ °PJ.~J.iM~JA
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it.:&:.~,~TI!Ji{il~ C°IJ.:7}.y~;f:I:J~~ °1J.J.iM
~.ij.\(. CO2 m=¥:R:J11l1.0 eY ~~.~£;;ffiJ.i,~T

~{il~ C°IJ.:7}.y~~~~ OPJ. JJJi:.y J.iM~.ij.\(. CO2

m=¥:R:J1Il~~.~&.9-~ O. 5 ey[16]. JA~~;f'i;J~~

1:iJVJ..ili ,~T~{il~ C°PJ.%.y 9-:ff:tf_W,P.frVJ.,
JJ.~JE%*RJj,CO ~.~J.iM:tf244 K ~tMt.ltr~

JAlllfW3ffltt'~.
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~~~IRJT~~~..y%cM, ~ffi lli~~~~~~tt
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00 3 Z~£..~(VA) (I9~ft$~e:(E Au( 100):fII Au( 111)

~jijJ:..~lt(l9?:G'.ft. VA ~$.~:(E 453 K (l9iMtltr.ilt;:fj(l9. Z

",Z~,""'{.(I9ff~.?tjlJ1;;4 torr (1 torr=1.33 X 102 Fa), 8

torr:fll2 torr. &1!!ZBtrBJ 1;; 3 IJ'Bt. Wi"1-~OO.?tjlJ1;; Pd/ Au( 100)

:fII Pd/Au(111).!j!l(.~Jt.[17J)

00 2 .ft~p.&m"~TS:~~ Pt(III)~jifa.:t£ CO «~If'

~B;j"IiiJ~ft~~{\L STM 00J!i ...:t£ CO #.~If'B;j"fH]*~~(a)

100 s .(b)500 s .(c)1350 s .(d)1950 s. T=244 K. Pco =5

x 10 -8 mbar( M EI X~[ 15] )

~ffltt[17]. ;g;.~:iEX!R.~~tl,:t£ Pd/Au(l00):f(1 Pd/Au

(111) m:f1flf*~.m, ~retl<]:rI.w..!t~~at, z..'ititl<] z.

~1t!j::ti1t$:&~. ~I:J:1X;jT Pd/Au( 100) f*~,re:t£
0.07 ML at,~!j::ti1t$:&~J;5~J:iff: 1.5 X 1038-1 ,111t

m 3 Pfiffi. Goodman ~AiAJg ,?X~~tl<]reliji:TJ;;j~

ffltt:&~j1.1L,~ tt.Zr, ~~retl<]=~f*.,.=.~f*VJ.
~~~~:JZ!;tl<]re!fl~f*ffltt!i1tl~~~. Pd/ Au ( 100) tl<]

&LW. fl ~:JZ!; ~ T Pd/ Au ( 111 ) , :i! ~ ~ Jg, :t£ Au

(100) ~OOJ:.,?X~~tl<]reliji:TI'I3]HeJg 4. 08 A,:i!~

He ~ ::f ~ 'W;";ff :;f;I J T M ~ ~ ~ P})t ~ tl<] z. 'iti ~ z.. ~ Z 1'13] tl<]

~1?i ( .Y..,. * fi!t ~ , ~ ~~ P})t ~ tl<] z.. m- ~ z.. fit Z I'EiJ tl<]

~1?itl<]He~Jg 3. 3 A). ~&,:t£ Au(lll )~OOJ:.,?X

~ ~ tl<] reliji: T 1'13] jgJg 4. 99 A, ~ ~ ~ P})t ~ tl<] z.. 'iti ~

z..I3lZ 1'13] tl<] ~1?i tl<] He ~ ~ &. ~:JZ!; , ~ J1t. , ffl tt ~ ~.

¥J!J~, ?X~~reliji: Ttl<]~!j::ti1t$~ fB re~~ tl<]1?i~

~LW.., *JJ ~~.f*~LW.~1m tj I ~tl<].

:\i1f;-JfJ JL1-~JlJ 10 1-~*[12, 13] , VJ. f!1f; Jfj (f{J~OO

1Jt:f:JT-:f.~"fiJVJ.~Jfj. ¥J!i1r, «ft!!WJ:\i 1f; A":ffq~:!lf(f{J~
JJ~~~tt. ?&W,JlJ ~1JiJ-JfJJl, P-";ffq~y(f{JJLfjt~

ft!!WJ_m'ililJflrili*[18,19]. ¥J!i1r,~~~*~~.R;f£

:\i1f;~JL1-~*.
~P{y!::{£J!1-fRi.fj(J~.f*~~1Iftj'flJ~~ J:j::I, tt!.

:ff::{£ .$1-11 ft .~ ~ :::f F ~fft (f{J i\l.w.. "rff.7'6, xf« ft !!WJ .
m~.f**~*~, ~":ffq~.$~~~ffi~ft~~~ fj(J

~ft!!WJ~f4J, tt~Itf£££OO ;~r.x,~~~~.afj(J

&~ffltti\l.w.E;~di!lrPJ.,R-.j-.,%~.,~f4J~~":ff~
~, tt~It.::l:.di!lOO::fltr.xdi!lOOVJ.:&J!~di!lOOJ:(f{J~~.,1!}J

RJ::fIt~~;:e:Jfi,~~JjJf~fj(J~T~tt::fltJLM~f41X
~ffi~~JjJf~::fIt«ft!!WJ~.f*(f{Jffi~*m~~*~~
fj(J [20] .

4.1 ~'f*:¥t1.t!!'?)Jii~
'fflIJ*..1tI!f!}J~~*~;;ff-=fI1I1Jt!-:*-, .1t~

JM~OO ;*=, «1t{!;~~OO ;*-= ,;(£«:ttm If:im:fJ1-
~JM (:!!X~~~JM) ~J~JM.~J:. f9iJ:!{n;;ff J=f a<J CrZO3

(111) "riJ~.1iiM.1t Cr(110) ~JM.~*~;81.;J,:
.!t~5 A a<J AlzO3 ~~"riJ~.1iiM.1t NiAl(110){!;

~~OO~)i\(.[18]. ¥J!Jr , MgO ~~Ji!tl"riJV)'.1iiM;(£.m
mlf:ire~m:fJ1-;(£ Ag( 100) ~~J:~)i\(..

.1iiM$#~OO*~*~,*~~~T~~~~
Jl«1ttr!J]~f*1m1t:fflJa<J~iIiI. EtlT SiOz .~;(£1m1t

1'fiJIf:ia<JJrzJ1\lffl ,~*ili*~;;ffJ=fa<J SiOz .~-.R

~ 1*"* Jr ~ 1t 1fu ~ ~4

.1E~n*xijl ~ r:p ~~J B<j, ~ T fIlftk:" "Jf}j~-t~
~'4J" ,~~~fniil1l;re~~~~?ta:;(£"~r ~*
B<j..1t!!f9Jj;;i~J:.:;(£JX1-~~r:p,..1t!!f9Jj;;i~~JJ.~
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~ [ III] 1JrPJ 3Jl-1T[22]. -i!;:~~-ma}l, =..1tii!.~~
8~~~-~~*~,~W%~=~~~*~~~
Jt.~=~ti~. ~~ ,tJ}[ III ] 1JrPJ~*~m=f;(£-i!;:
1JrPJ L~{iL !fIf!:il!;.!J\=f;(£ [ 110] 1J rPJ...t ~ {iL!fIf!. DFf

~i~it~~ili ,~~..~1t~~~ii!.~1t~~~~
1t, -gt="1tii!.~*~~=~=..1tii!.~M~ 00
:!lnOO 5 Ffr7j;[21. 22].

~A1r]~f1:DJf~ag-#.f*, ~Iw: -T~~:ili:1f:*£
~~~~B. ~111/J\m:ili:1f:*iiiM:(£ 5 X 10-8mbar

(1 bar =105 Pa)89.mmi:J:f,;(£~~ Mo(112)iAlt

-Jg 850 Kat, mfJJ.*gkj 1.2 ML 89$., I!JRJfi:(£.~ i:J:f

1250 K iAltr.1!:k 3 /}t~[19] , ~~JJ T *:J!l:fl" ff, ~
~1i¥flt:f:&1!£ 89 SiO2 ~f*_~. :im:l':1 STM, XPS,
IRAS ~:!jf9:/}t;fJl-:fn DFf 3J.~tt.,:QJfi~~ili~_~
;m:-1-:Ii1f¥j:)tffl [SiO4 ] 1l900f*89=!t~~ ~)/j(~

~,~i:J:f~OO89~~-T~.:(£~~rnmm~-T89m
mk,:f{UOO 4(d)frJf~. m~~mtl:'.89~,iiiM.1t*~
f*$.Jf!~~OO ,iii#~~~JJXff89 SiO2 ~~.

4. 2 ~~~*,*jij*:y'~JjX,~,.'4::*,IJ~~~tt
*ffl~~r!"'11t:J'(jmt~r!~*~ T*~*~1f

r!ren~~~mm¥lJ .1t!jWj ~.f*rimL , :iMnft~"'
J:lj(,~",~*,%J:lj(,~~~*~~. ~*~~~J:lj(,~{ft
.w.:frI%~,.q~~:frI.!jWjrim~ffi:!ifFffl"'~:fjta;j"~
£~M~VJ.:&.~:fjtJ!.$:fl"Ht:t:~*~.:tEft~",J:lj(,;ff<
~nfi~,.1t!jWj~~.f*~~~~~~*£~~fF
ffl.

00 6:;1f::;(£ 90 K ;f1:1300 K m#iMtltr, 1l9#~1iiJ

~~~ (~.,~.,!fts.,!jj&) ;(£~1tfgi.'f~..t.~,ij\t~~*
4't:'I![23]. ~;fI:I~;(£ 90 K ;fI:I 300 K r Hli;; ill T1i:5~
~1iiJ~,ij\t~4't:tt. iMt1t~ 90 K IJt,~;fI:I~~*~t)L
j:5J/j:J:itI!.7t~;(£~1tfgi.'f~..t., W;(£ 300 K IJtJittlJL-:iJZ.

~$,ij\t~$lJ T ~1tfgi.'f~~~fti1c~..t.. ~W ,!fts;fl:l!jj&
m#~~i:2::fl Hli;; ill~f¥o~4't:'I!. ~~~~*~1IJ3 ,

!fts;fl:l!jj&IiiJ~ 1tfg~~~ffl~ ~ ffl5i f~;fI:I~ 1iiJ~1t

fgi.'f~£~~ffl~~ffl.IiiJIJt,~:!}:IJt~£~iMtltill
J.t~;fI:I~B9~~:fltR:~f£~~plliJ. ;(£ 300 K ~ltr,

~f~;fI:I~~T~£~B9ffl~~ffl~~,~~~m
VJ ft~~7t"ft~$lJ~fti1c~~# ~~.

004 (a)*@:fjJt;f!(J=..1tM;.~ STM 00,;Jffi001;; LEED 00

(&.*'I!i:) ,(b) ~(C)ft.jM!J1;;l:tii:T5t~f!(J STM 00 ,tiift!J1;; DFT JJ.

~m~,(d)DFT}J:~m~. ~118~~1;;75 nm x75 om, V. =2

V, I=0.2nA;(b)f!(J~1I8~~1;;5nm x2.5nm, V.=0.65 V, I

=0.8 nA;(c)f!(J~1I8~~1;;5 nm x2.5 nin, V. =~.2 V, 1=

0.35 nA(m~X~[19])

4. 3 ~'f2t;:~~~*D*:Y.1I1.tjflJ&JS1Z~~~
~~1~£~~T~~ ~~M~*~~~R ~~

%~~£illiL,r-zP-~~.:!j1f~~:m:!J!J.~1m1t~tt,
J!-tI:!.~~~~mw.~:I:~ §~. iiili1E1m1tJlflJm:!J!J.

~A-1-~~r~J5i.m~q:r,iiiA~.~J5i.mE'(.f*,
?&JfimJJff.if{)(~~J5i.m~Jj\(;!I:!JJ.*~~B~~%~
~~*:I:~~~~f**J5i.m~tt~~%~~~f*~
~~~::k*.

1f!~ 1998 ~, Goodman IJ\m:&1JtXI'J~~ TiOz

(110) ~MIL~1m1t'r£JJff.~ T ~~~.:!j1f~[24]. fl!!.frJ
:fjt$,~~~*~*1l~H~~ 3. 5 nm ft~IJ;j',~J5i.

mm'r£:I:~ ,:t!QOO 7 Ji.Jrff;;. ~~~:fjt$, ~~~*~
~~R~/J\T3 nm(;:.f;J 300 1-~T)IJ;j',~~*1lili$

T~F~M'r£~~~. fiP.frJ~~,~~*1l~~F~M'I!~
~~~~~ili$1t~m'r£~*~. ~~~;?E*i5l.aJj

x1A~ ~.1!:k%J1X.~ Sial .~*-t-:!v:;B: 1 x

10 -6.:m.fII~fI11250 K Sltr.1!:k,XPS ~~~~
jlJ:;B:~ £ ~ 00 -;ff .1t m :4:. J1X., ~p f! sial .~ B9
LEED"STM 001;ft~ii:&::4:.~1t[ll]. .1mMw.i;'t:;it~1~
~,:;B:.~~~ Sial .~rOO~AIi!Jr~.JH-T,
.i!~.JH-T H~fI1£~ ~mJH- T~., ~ff]~~~
~~~~m~ffF1'l1 ML A + 40 ~~m~ (ML ~7j;

JfiJH-TJ;J;;,A~31-:il:~~JfiJH-TJ;J;;m~r:j:t~-#,
0 1t~.JH- T,.!Ji!.OO 5) [19] , ~p4ij:1-j[;~ l:t. 1 ML A

m~~ili41-~OO.JH-T.
!J:J!Jr,SiOl .1m:;B:f~;m:w.ltll1,~OO,5 r:j:tB9fifiOO

"fiIVJ.:fi'ili ,-=.1t$;%~-£t~~*~ ,~:7J(ii]fI1~
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00 5 ~:i"'(Ig{t~~~~(Ig{t~~(Ig¥.{t,:(£ Mo( 112) ~m%.JiV;(Ig-~,=~dL{;t;:=..{t~~*~;f'IJ(Ig

;!J:ieit-=;f!IOO. o' '};]~m"~-T. ;t;J:.:KJ(lgMOO~=.{t~~~lt::J;JO.5 ML (Ig STM OOJf ,:l';:JM~~,);] 12

nm xl2nm, V.=1.2V,I=O.2nA.(m~X~[21,22])

O.044MLCo
-
0.056 ML Ir0.024 ML Pd O.O28MLPh

(a) 90 K

0.022 ML Co 0.056 ML Ir0.23 ML PhO.O23MLPd
(b) 300 K

006 ;g:90 K~300 K~fII'mJtr ,;g:~O3/NiAl(110).~Lm:e1.e,~,'fli,~RYfII'~"JiJT~~B9~mSTM OO,OOR-t

:1;J 100 nIn x 100 nIn. m:e1.it.$:(£ 0.1 Ml/min ~ O. 6 Ml/min ZraJ (m EJ X~[23])

~TH~?:tfJ1- J5i.M~¥JJ!1r, ffl co f'Fjj1*~?:t

T~~~~~~*~~~¥JJ~,~~~tt*~-~
T ~*~~~~m~'~, ~~~tt~~R ~~H~
~~*.
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P

iC: C

C

CO+i).SO2-CO2

007 1I.OOjgO.25 ML~~~*~ct)I:(£TiO2(IIO)-1 xl :m~~

STM OOJt ,OOJtRT::I;] 30 nmx30 nm,:tiOOjg:;J'IRJRT~~~ct)I

m~VJ~;i(:!:jco.1"t&1iY.mtt:fllRT~**.~.m.~&1iY.tt
~~)(::I;]X;j1iY..-1-~~T'/ij;~!£.Jj!I;~ CO2 7tT~-1-fi:(. ~:t

~[24])

t 0.1% .
4.., .

.

.

.

.

.

.

...
~ ~

.
: (b).
: I.

Wj"it~~

~§.A/J

~: :
.
...~ ...

~ :
~w./Pd(lll)

..
JJi~,
1iJ.Jf./Pd(lOO)

\
'f1tBIJ

);!J.1I-/Pd(lOO) ...:
, '--

2150 2100 2050 2000 1950 1900 1850 1800 1750

~.fl/cm.1

00 8 (a)e~*.t!LtE Al2 03/NiAl ( 110) .~.l.a<J~iI! STM

OOf#,R.-.t1;J20 DID x 20 DID;(b) Pd/Al2O3/NiAl(110)~&lItE

~BraatE20 L a<J CO I:J:I ,f&lfitE 100 K B~r*.a<J-ft.m
1Ij-?i:¥JI:!r.:9~~i&~. tE 440 K BJtr ""atE 4000 L( 1 L = I. 33
x 10 -6 mbar s) 1fI.l:J:lzDirlfi , M1-~&lIa<J!r.:9~~~-f1-¥JIj Ii! ~,c.-

~~fII~,c.-~~*7J\, 1:J:I1i]~~1;J~M.~a<JffiXij-~(. ~ x~

[25])

";ff~~.=f-Ei[. 00 8 ~m-«{t~fF-jJ*~?tTXij"ffJ

M:(£ Pd/ Al2O3/NiAL( 110) *~J5'i.~1YifJfi~!I!J~11J:t

~iI~fi:fiJf~~~*[25]. :(£ ffJ M*~&~1YifJfi,:(£

CO {$!fa:;W;i;lJm:m J:fg, CO l1J:t~ilili ~T RJ]~~~

!J;'j. *~&~Jfi ,Jifi";ff.*T Pd (100) /Iii:fn.-l219f.~ CO

11J:t~~~r~~T; fJiJl3tmT]Jim~ CO {$!famj:\;m

~I. fF:::rrmili ,11J:t~iI~:(£J5'i.~1YifJfi~~!J;lj,~aIT
:(£ffJM*~&~M:@~ ,~«.:(£ Pd( 100) Iif:fn.-l21

!Jt.~ltfr~,.b'.W~~:tJ1.Mr*~~JJJ;TI5Jl~TCO
(£ Pd( 100) /Iii1::fn.-l219f. 1:~I1J:t~m.w., *1t T re:l!

t'l~$?t-oo{ttt.
1: /Iii~Jlj ~~fIJI &~ttfrg ~i!J!~:I:.=f-Ei[~~frgJ5'i.

~Af*~-oo{tJ5'i.~~i;lJJ1~Mw..i6:~*,?tT*A
~~*";ff~.ilP.fW¥lk: T~-XiM[20]. -i:?;:~*-F1.*T~

~~~~?tT*~, ~~A";ffl3tlm?tm:fnJJJ;m~/Iii
11J:t~¥JJ~:I: ~-fJ!:.m Pt ~~!I!J~ I1J:t ~iI:fn A";ff lit Im:fn

f(!J ?t m tij:tt ., frg ~?t f!j- ~ ~ ¥JJ ~.1itE ~ Il9 f& Jlfi: ilf.:'Jl. .:(£

~.m -fJ!: .milt ~ ~!I!J ~ P.& ~ iI fj~ ~ Xij" &M M:@ ~ ~ /Iii

1:11J:t~¥JJ~m.~~lItlm:fn~lm1:~?tm, ~w~

&~~i;lJJ1~M:@~~~H~~~~~~.
$lJ.~ tf(J-1m1t:JtiJ rf1 R tf(J, ~r,:!l11 Xij" =f-:$i: 1t TIk;(£ re ~
m ifilfL ~ 00 1:. tf(J :$i: 1t J5i.1W. [26. 27] , ~ W ~ ~ :.1i'i JM, !J! tl ~

"riJ VJ. , It:!lI1:.1i'i JM, 1fJ. :.1i'i JJ£ ifilfL 1fJ;(£;fB{ fl{j tf(J IF: s! r , 19:

:;(f B:7i\ ill fffiiJ tf(J 1t ~ ffltt , ;t;§ J5i. , 1fJ;(£:7( ~IF: r Ji:7i\

ill T~&~tf(J1t~ffltt, ~ ~z~ =fre~m tf(J1t~ffl
tt[28]. ~-m-maAT~:m~~.~tf(J-1m1t:JtiJzl'a]:ff:;(£
'!fi:-1--" IF:tJ~~". ~~:!5t~, ~Ifr ifilfLlfJ llP.7i\

ili*tf(Jffltt~ffi=f~~OO%~T~tf(J.:$i:~~;t;§
RUO2 ,~~J1J)tm;(£*~~tf(JIfJJjjf,T:tJfmtf(J-:$i:1tTlk
"riJVJ.~&~lJJ:tt!!.~J1J)t~;(£~~OOtf(J.Jjjf,T~ RUO2 Jjjt"

~tf(J.~~%~=:$i:1tTlk(~J5i.1W.;(£~$r~~*
;fi)[28].

'9.Jf.:JJJLt-~lIr ~1*1t~J~m
.;f,E)

5

x~~~~~~.~~~~~~~~~~J.
~,VJ..r.~jJJ~~~f!5~:(£m~.~r*q-j~ ,:J!~

~~~I!~~~~:x;Jm~.~ I=t"~~ ill ~ &J.)\Im.J.i.~~ffl

f£";ff~~, I!Pfj~~.R:f!t:ft)jJJ.~~~~~J 1=t":J;;:. ~

~.~~~~~J~ #~:(£~~~B ,-~*~ffir

~~~T-~*~ffir*q-j~.:x;JT~~~~.~,
";ff ~:(£. ~ ~~ r ~~ jJ J ~ &J.)\I m.J.i.~ m VJ. .R:f!t: ili ffl

~f*~Ji,~*~~1m1t1fJj£~jfiftlk: T" t);~~
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f'lJ" rii]~, f.§.~ Iff] ;fi¥'-m:ff::{£':!i:" ffijJ ~ f'lJ" (pressure

gap) I'ii]~. IW.m~&:~tI~m1f1t.1t~M:l:ifit:!{r~ ill
~~~~f~T~H~~~R. 00 9 ~~*~tl~IW.f~
STM")j:f;f{"00J:j-[29]. :xt J:r. 00 9 rp(a) 00:fp(~) OO~ B

12S:~,"PJPJm~jf!!.:i"ill, ~':!i:~~1t~:fp~i~( 1: 1)
~ffi5i~mi1u, ~~**iii~ill~ T Ostwarq ripening
~m, IlPH12/J\~~**iii~~~~£/J\~~~~ ,H12

*~~**iii~~~£*.lIt:>r~,:j!(;ffl~"'t!f~~~,:J!
~~~*~~~ Ostward ripening ~m~llt"PJfi~~

ts-':!i:~f*:~ Im-:£:~~. I

~Tfjj:(£~"IiJ:i!JJJ!:A9$:1-t~1* 1:.., $::7t-::F .fJ. fI~:(£~~
*1LL:7t_,~Jfi~ co /J'i.M,J!#'If~r,~~*1LA9
R -t~ T.m~A9fFm, Tfjj~1*x1 /J'i.mfI9~PIUJ~~/J\. .:¥J

fir, ftJ."ffij~:f$$~xf~~*1LA9111-t'l1fI~A9~PIUJ, ~~
";fif~i'f?:jA9i'li~, im.1f;iA.:*, ~ ftJ. (1Efit~:m fit) A9~
~*1Lltl:fttA9~~tL1I1-tfI~jJ~[30,31J. X;JT~fII!.1*
* A9111-t/J'i.m~£~~";fif~~~JH~fI9iAi~, J!~~
~~~ A1Il*~-~~AA9~it ,~Tfjj~itiliA";fif
£iWi1l1-t fI~jJ ~£~ /J'i.m~~tt A9111-ttrrJ.

00 9 :(£jf;7}"{t~..f.t'fiP.~l:. ,0. 1 ML ~~*~t!L:(£~~

~..:(£ CO ~ O2 ~m-ft~-I*( 1: 1) 1f~~,tl1&!:{ft ~TM ~OO

Jf. ffs!7}jlJ.1:J( a) < 10 -8 mbar, (b) 5 x 10 -4 mbar, K c) 1 x

10-3mbar, (d) 1.2xl0-3mbar, (e) 1.3xl0-3mbar,1 (f)2x

10-3 mbar; (a)-(f)STM ~1/it~~:l:IJ.1:J 75 nm x 75 ~, V, =

4.0 V. 1= 0.1 nA; OO(c) 1f~~OO~M~~.1:J 19 nIn x 11

nIn, V, = 4.0 V, I = 0.1 nA. :(£OO(a) If. +~~7j;~!IIi*~t!L

~m'ft~~~~;A!3:~B~~{t~RJj)IIf~f.t:fcPAlft:.~mm
~~*~~(m~X~[29])

@
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~~~~~~~LM~T.~~~~~~~~ft,
**1ii~T~OO#~tt*/}t:tJT::f.~, ~~{1i~)ffi"T

7t ~ L~.~~~J~mm~~~~~%~~~~~

j]-#"PI~~. "~'¥JJ~~L~~~~EE=f~1jt~~

~~~'I!1fif{~JU#~*}rz~:ijJf~[30]. *:$~f-t~

*Rj],x'f=f co ~"~&m,~~*~~~~~tt

~~~~~~~~";ft~. ~"PIi!)ffi"~~~'¥JJM~L, im.

~Rj]~m~~~../}tT~~~"~'¥JJ~~L~
ffl ,"ftit ,r&JFi~~~~~"~'¥JJ~:W-OO:?t.,:i:JFi

~~~~L.gJ;~:W-OO9.t~ffl~ co ~m; 1fifx'f=f"PI

i!)ffi"~~ ~'¥JJM~~~~~J ~~~~tt~.~~#g

iSfJ fJ: m , "PI PJ..)E ~ m '¥JJ ~ * I'SJ rr- '¥JJ , ~ ~,,~ ...
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