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Abstractive adsorption of an HCI molecule on an isolated

dangling bond

Student : Ling-Ying Chien Advisor : Tsin-Fu Jiang
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Institute of Physics
National Chiao Tung University

Abstract

The abstractive adsorption of an HCI molecule on a single dangling
bond has been investigated by scanning. tunneling microscopy (STM). Each
single dangling bond is an .isolatedjreaction site and is produced on
hydrogen-passivated Si(100) * surfaces by - controlling the sample
temperature and annealing time.. ~From'the STM images, we conclude that
a HCl molecule can undergo a selective abstraction reaction with a Si
dangling bond and that the reaction prefers the adsorption of the H atom
over the Cl atom. The ratio of H-abstraction to Cl-abstraction is 3:1.
Experimental evidence also indicates that the adsorption process involves a
precursor state, or an adsorption complex. Upon adsorption of a phonon,
the adsorption complex transforms to a chemisorbed adsorption of one
atom and let free the complementary atom on the surface. If H is first
abstracted, the complementary Cl atom can either replace an nearby H
atom with ~35% probability or is rejected back to vacuum. This research
reveals a direct experimental visualization of the abstractive

chemisorptions.
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SDB—H+SDB ;
SDB—H .
SDB—CI 5
SDB—H+CI (Jfil~ fli dimer) >
H—SDB -
S 22

q%\' 3.17 E%i HCl H'J %[ STM E‘{é[ﬁ%}ﬁfjﬁ@;@ G
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3.2 HCIAIE- 5 I

P 3.1 ] A i o SRR i ST HCL 5= 22 - IRl ey
s T@F%* SR R IRDT AT AB AR [EeE N A i‘lﬂs"ﬁﬁ'ﬁ%é@? :
17— 7B Z{AES I [ff(dissociative adsorption)[12-14] » 4(3.2.1) Hh e b i Y
[FERE S g RLFY S0 (gas) - Su hLIF IR i(Surface) » S
HFELAB 57 rg%q)z]éiﬁ*} AR HAIBRE > S AREAIB %L%'ﬁﬂﬁﬁ@ﬁwﬁiéf fie-

[ » )% A-Su A B-Su 5 - U1 3.18(a) -

i)

AB(g)+Su—A-SutB-Su  (3.2.1)
A I R gl B e R A ;’7#‘ I DI 3.18(b) © AR
AB 3 ERER L RUE - [ REAIHI= ifll&%ﬁ%‘/%’? Tl A 53 R RE]
AP BERLYAY A-Su S5 [N B ELEE g wﬁﬂp SPST BRI A U(3.2.2)70 5
FrRL B T PRIRER - ERLYEY BSWIEARL 1A B R RV 2 R
A I3.22)70 -

5y 78 AV (abstractive adsorption)[7, 15] » — {5 fRT S RAE A

AB(g)+Su—A-Su+B(g) (3.2.2) A-selective adsorption

AB(g)+Su—B-SutA(g) (3.2.3) B-selective adsorption

@) (b) o
Q9 o9~
r 1 -
318 AP T - FIFRSPE 53 R EIAFIE - PR

FFEIAE > (DRI 53 5 RS REE » FUE~ (R IR b

L Bk -
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K [ HCI FIIF By STM RY i et > e < PIpAa ™ > ZHER57 1 HC
i‘?ﬁﬁiwﬁﬁf—‘ TIFFIRv = AR PEERVEA - i [/ HCL 5= 5EE -
5 rf“ S [iff(selective adsorption) » | 77%f k= H1- i 1 %b‘“ [ [ H
LT o 23%[BE SRR CLRL > DR 3.20 Fra

() @ Clatonm (d) LC H-terminated dimer
(b) © Hatom

(©) @O el (©) & SPB diner

A 319 [AESEAE A AP B o (@FEIPISIRF CLRE > (0)RT 6P
SRLHRC > (QRLF HCLIT " (LI (A 2 I BRSO SoF0 fi
(@ 7]~ (LG H S #— i im%%ﬂ VSR T

o |megadbE 2 pEL

54 5’ b4
™68 88 66 — 18 54 68

[ 3.20  HCI A0S LRI TR - 20 H R OB » 23%0fs
SN LR [y 77O RLE I H R -

ORI AR o B SRS HURS A CLRL » R E H 2 CLAL
77:23 > WPRLL G Lo GERENTIEL - [ HOLS) 3 SR i - 1
TR % T T ) 2 B SSRGSV S Rl [
%ﬂ»iﬁ%@(selective chemical processing) » 23 BB H » [ H AP I CL k=i

g3 iﬁl’[ﬁiﬁ:%‘[ FI4 %grf N FIJFIJEH JFa] I])/JIZ/\ ) I/ FIJ [J*EH B hlL T iﬁ”ﬁ”
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Si(100)-2x1 [l - HCL 5 > HCL @efif e Si ket » Ji A Fiigtipy HCLE] > =
HERLHCL PR 3 <3 2] IML» ([ H R A CURL R 3 3 7ﬁl[r[’,i]%1£(110K)
%pgc'iELBOOK)Ei] » HURL g I CLURCY O 2t s By~ B> g 3.21

W > BEA H D CLEL 0541046 » (SR - H: ClLEE 0.59 1 041« P
IEEELRLISIE » HRC AT LR IRV ES I T RL 12 1 SERLP R S35
Si(100)-2x1 Feere 7 SEaE » Al | HCL MIRAE P FTE] Si APy » kLl
fif > HR AT LR FE IR PR IR H 2 CLRL T 1 i
TR AAF T IML > B (I TGRSR > P R PR s 2V I - [l
9 2 SRR > Aol e ] H R AT CLRS B PR 1 e ]

[ 3.21 IML {9 HCI/Si(100)-2x1 fiv STM EYjft = _F[fRL 7 43 (300K) ﬁ%iiﬁaj IML
Y HCI Y STM gy > =] H © C1 £% 0.54 2 0.46 Qaﬁlfg& [RIEH(1T0K) ™ ﬁfji

Jfy IML 19 HCI 19 STM ffi, [RIFFE=f5] H : C1 £50.59 : 0.41 -
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3.3 PSR T

ST R OMRR F) HCL PO £ o FE 54 0 Y3.2.4)70F1(3.2.5)
200 R PIREERGR- - Mg 5 R A s el g2 H R
St AP STl 1.08 eV {ugel » i) CLR RIFEA PRV - i
J50.47 eV [IVF=RE « 1) FIRSHRE R FE R T USRS = G (e 5 FOESP R
AL FFOREED) U [ 323 B > FEENIORAARERL i HCL 53 B S
TA (P AR 2 [P OSBRI ) SR ErE - (T B
AFRL-845.67 eV + F = LGN HRS - CLURY OSSR 7 A ity
Eﬂuaﬁﬂut‘ -844.86 eV > [Ifiif C1EL" FUR[IFfHEEE-844.17eV o [lIEH Ed N G - [
[ LAY IEEAR)ET 1.5 eV o [RIff H fUTHTY S EELL 0.8 eV > I RLIff i
R B Py > B RS e

HCI (g) + Si — Si-H* Cl(2) . AH=1.08 ¢V  (3.2.4)

HCI (g)+ Si — SicClsH(g) . —~AH=0.99¢V  (3.2.5)

Bond energy (eV) Bond length (pm)
H-H 4.3 74.2
H-CI 4.28 127.4
Si-Cl 3.81 202
Si-H 3.2 148

@322 7 il 53~ pUgEs :EFF IR
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(a) (b) (©)
-845.67eV -844.86eV -844.17eV

Q%.\' 323 | [[J}[J‘F:HJ—?;T HF=  @HCL o) = H: FEEA
-845.67 eV > (b) [ H /L [IU5HES F1-844.86 eV » ()it CI UL IO H1-844.17

=&

Vo F TR ERLI - I ] - (HERS D ORSE RV

Hgre- (i ’QF‘EF T A3 cHE - Jﬂ&ﬁ_g[lj [ [E[IFJZ(Gibbs free energy) 2|

5t

B P ‘—wfﬂ<3263~L %ﬂ

I"~"';

AG' AH TAS (3 2.6)

AG FLF IHFEfom@ = » AH f;ﬁ ""f : Tfuﬂ@ » AS £LE" ™ (entropy)fiY
@[~ AG <0 fYAFIFEE TLJI&‘EETAS 1Fy lff*ﬂ BURE g ™~ VR
A UEREY AH T 0 B o (LS TRIES 0 SRS RIG Si AP
STHCL 53 ol > AT e S T R [ E{UF} IRERL - A FipvgEl
R [’—E“.l,%’:ﬁ HCl 75" 2 i&?’i?@¢ PR IS~ s kL (I BT (direct

adsorption) » hl— {lilfti] 4§ (indirect) i [ff ~ & » 7 (it~ iR 2 FE - W i s

'\.r
-—|=i=

(precursor state) » i [ FZfi0 7% ¥t A1 (phonon) IV £1 F B 1 15 HCI 53
7 U HCL = (B s 51 2 PR i -

b E H RO CLR FU R ) - HCL @ =l o = pon) = 2Bl
Si A T RO H R RV - HCL 73~ kL H R .ijgﬁﬂ 3“[5&% Si
FUATH R & IS ) LR fpo B Pl (4 HRCIORE - <0

ffgﬁ?&ﬁ'l » Fiel'] HCL 55 Tff?’iz Si %&El?’ﬂﬁj‘ A (trapped) - Ki{1] HCL 55 =" %47
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Si A1 0 TRy - ﬂﬁﬁ, precursor state) » [P HCl TE[|FJ R (phonon)[IUEY,
B Si A1 YRR Ephonon 7457 55 meV [16] » IF—F[[E{T‘QZ[?‘*'&%E'IEIU HCI 53+ ¢
ARPUERRT] > 2 H A CLR Y RISERESG FRUA HCL 55— fOgs
OS2 DT 3.24()() T » Tl sk B OB G MR B 7 3 HCL o3 7]
OSEAHEHI S8 % BRIV o F R CLRG ORI FIRL IR i
I ISR AYSTUR & 2 BOIOGESE - HRC - @t - -
FEATE SRS > I 3. 240X )T > WA ARIE HRC AR

P URL H A CLRL e e T o

) 58 bo S R R
Y ww u%@u

© @b d _' _@_c

d (% c-i__ I u% =

i 3.24 HCI 3= WTEfo = 2 - (a) ~ (@I 53 IS H R IR s fo gy
FAFREAR T+ (b) ~ (ILRLIB B IR (IR R RO L i+ HCT 53
BIREQ T A1 PS> Ol OB S B OFEE ho SRR
IRy A I&MBW’? T -
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A E R R

Frfe gt = R HCL 55 STA PP IfEALRL - 785 3 f [l (barrier)
19 =2 s %Tgwf, ™f=(activation energy) ¥ 2% » [l 3.25 2 P RLAHFRY (™
SPPURRIAB™ o b URL (RIS U o PRI CLRL ol @Eﬁ:ﬁﬁTg[pwﬁ [~
= E I BB PO = Baar > Ban AT T R IEEERCH BUPS IR H L

T BT CUR -

— Cl-selective adsorption

S . .
- - - H-selective adsorption
1\
> Eaa Cl
(@) A [4EN
1. ! b
CIJ 1 N
o ! b
L E - 1 b .
@ ! arrier
f AH
A AJ !

Reaction path
[ 3.25 [ IFFSEPRAOR= R FU o WA AT CLRLY PR =i = >
AR R PR > RO H RO RS RS o B R pAAE S H R

- B

FIMMEHREET BT HCL 53575 il Jr e 3 I sl o 5l )0 - 2]
A AL H R A CLR T IRL E IR 0> 1 LR f"“*ﬂpm JufE A 5 H L
Jf‘r’dv’ AR Rl F[‘JJ%’?%&HCI 73 E = PRI TER] > YR 3.26(2) -

Fv@; = 57+ heili(rotation) » G H R SRy e JTIHT 3.26(b) Fra o A

It iﬁ'[?»%f@?ﬁ’ PO HRLS > o P RL CLL
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[ 326 HCI 73 219 ) S Bl Tl - @Ip¥s HCL & Jof97 B » H

FELSTOPRT i - CLRY 3
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3.5 JEEER 711‘ RV

PR STM BYf5 > ') 335 % SDB—H @ [ fulftT )i/ 525 t) H—Cl
R » S ERLET - SETEREITRY Si-H R Si-CLEEAIV ¢+ S RLPHE HCT 5
SOEF ISR H-CL SRR H R I 9 R R Ui
Cl R TS FIR 38 % o T 25 (PR A9 b TRIIRE - oL
iy HCLAIH - qfgRea & IV i B R R 2y b e
BSPERVRC B A R 13, 18] 0 RLFEE SR 1 fRLE
APV H R B P E?

FIABEE] CUR IR T d g i oF — (e R ot « HCLO) =
[ CLR 2 - S g » RS 19 BB @ e iRk Pt - #) = i o
IFbd & o QIR 3.27 B o ()9} FERLRE HVRG 1 £ PR 4 I iﬁﬁ[ &
9 2 B O1% > (7 W 1 (D) ARG R R PR E 29— [
— AR SR S SRR R 0% (N AR HUR AT AR H
B (A1 0 3 SiH GRS A PSRRI 2 PR HURC5 Hy
53 IREEAT A - - iﬁ’[‘zt%é’ BESRAEFE 725 1 ] 4
FEL 0% > fglﬂ?ﬁ?:&@“ 4[%1%};‘ e py RENE iV jf[[ﬂ:%H
Pl HCL 55~ 58 4 &~ s (15 H«ﬁ?@yﬁgﬁ IR+ 5 20 53 8% 719 STM R
| ISR o 2 (o7 )y Bk e -
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_-Ell
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(a) Vacuum

15| 5888 b4

(b)
s 3 P55 | A -
OB T 08T 808 b8 b4

© j
|58 b8 b — 68 b 84

[ 3.27 WEEH FL E AR e i o:fgﬁfﬁf}jf[fj HR H g 2 s 2 e

B RSP RLE C ?Li'ﬁlﬁﬁ;%*’r'%ﬁif-l’w‘éﬁl@%%oH01 53 HIPY HRL
et = | = g - Ty CLR frirﬁﬁfr%plm - BRE S ARV
DGR 3.28 A (S CLRL B B A 1 A5RL 65% - (if)Cl fﬁ@'ﬁﬁv &
FET Ao HRS > “IRUK RO i Si-H SE5d ™8> 7% Si-ClEgs > g7
SE2 ORRRL 35% o T JRCRI OB 7 > Si-H U85S (bond energy) 5 3.8 €V »
Si-Cl fUSEsif=F% 3.2 eV » 07l | Si-ClLEEHV ¢ Si-H SR~ hL A0 4+ UrER
A Ve Clo 73 P YSRGS i > 4 RLE WA CLRLY 20 R o HURLS
SHGI1] o (iii)WAEE Cl R AT A RS H R s > 3 H R IR >
CLUR T~ ffil HCL53= o 20 Ay~ [l g » - P o
HURE = B S B i 2 e ) - BYERL 0% » PSR bBRLE =g 2 9
RIS PO TS N B HCL ST 58 %~ T (5 Ao B seL ]

Fh 2755 20 S35 9 STM Byt » 70| ISR 3 4 07 T 205 132 -

53



@@

Tacuum

65% wou w
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