T2 fE B A

HEME Lol A —BRIL 3Rt —BR LR R
K&l vlx]+ #e BE

The Effects of Sulfur on the Reaction

between Nitric Oxide and Carbon Monoxide
on Polycerystalline Platinum Catalyst

MR KRB
T2



Eézﬁ%iﬁ.toﬂ Al —a@ﬂﬁ%’%ﬂ w@ﬂif‘i’%ﬁr—i
g m2le #el &

The Effects of Sulfur on the Reaction

between Nitric Oxide and Carbon Monoxide
on Polycrystalline Platinum Catalyst

wusr F | O

o] i & LEH1t Bfimo= f2Hi3h

19894 6H H
A= RER KB
T (LB R
£ e
Fhugh ] TEMLEN RS BHES

19894 7H H
5B E /I‘ %A
aEaE_ b Ak {198
5 oa kU iﬁ
¢ w2 LG
% B _ o H L &




E dRdAE AFAMIAL FHE FAANN FToaA 2T
S 3 0 NOSHS] 4B UHSol ot HEHY ZFops ol S
¥} N5 Fole AYol B Yolu Y., APES 2mATH
A deHt E471EH A4 Aol Aste] 22 ojRojyen,
Ads AGeHE & L3RS FERAYS NEHA @ADL
FAHL 8ol 2Y & AE $44A VAN ¢AHoz HAY
et

COost NOS| ¥e#4dol sishel, 300 Kel4 Pt £dlo] Wx &£
& a-C0t a-NOSl F¥4% ZAHSZ Fasw o-COsh a-NO 4 o] of &
At twdel F3¥Y., COTS 2¥Ee Fol4 B NagE 2=
44 NOTDS 2923 4old B JaF = TH4UF 28 924
S A%, 10L o]4% CO7t =23 Pt EAPZ B-NO TR &

Nl

M3 AP, B-NOE COgt wWgete COE Y4t 2 By &
ojm, CO: A3 N 2 4z O(a)® CO(a)}e) APoz

COst NO¢te| Fufnbg Aol ostd, PtEW A COst NOko A

449 WgL Langmuir-Hinshelwood W71 7 & wa Yojr}w ug

A ¥4 NOS S des ¢ 4 A, &A% g 7

Ae HSES 8 4 42 TAdERZY SE0 g o 43
o

s NI TFE FFHo2 fHe] YE HAE o7 TAE



Zg . COst NOS ol Z7 1x107 Torrd A$, CO. HAuS
£EE 560 K4 Huve e AAG,

COSH NOStel Zoikgol mlae S8 o] B AYL ©A 7
HE MAE S YL Lol ¥, Aol sAE S Jgg &
of Botrh, St AMWHY B FAYHL HHAY ARH o Fol
Skl COst NOS| £22 welsel, A4 dgo Jato] 7 W T
o FHAUANE Z&AUt, Pt TAANA F23d S= island B o
2 EAAM, Sl % AAHY B FH9 ZE FHH HHE
long-ranged % F ¥ 7. Pt EW4 CO% NOsHe] &g Sef
ool HYHez NEAHG,

SE A5 Fole AL ALY 099 ol geted o] FolH
. CO F245e B ALY i 0 Fxel JBL HAE S(a)
E % 810Kel A 22L& Agso] 1300K ol 4e LEofHNE 23
AMAGT. S(a)s] AHE 800K o3 LEolA LA A annealing
W AYolUAG o 2 YAz o584y 2 de FAE Y P&,
@d S0S YAEL S(a)s O(a)e Aol feto] AYse] Bge

F FH 2 island®) AAAA Lojuds Aoz HAY,

IT



ABSTRACT

The effects of sulfur on the catalytic reaction between CO
and NO on polycrystalline platinum surface and the regeneration
of the sulfur-poisoned catalyst have been studied using the
techniques of thermal desorption spectroscopy and steady-state
experiment under ultra-high vacuum conditions. This study has
been performed successively from the fundamental adsorption and
desorption phenomena of each reactant gas to the applied areas.

The a-CO preadsorbed at 300 K prevents indirectly NO from
adsorbing on the sites giving o-NO peak. The repulsive force
between a-CO and a-NO is very strong, but a small amount of a-NO
adsorbs even on the surface of platinum saturated by 50 L CO
exposure. The adsorption sites for B-CO coincide with those for
B-NO, and CO preadsorbed by 10 L exposure blocks entirely the
adsorption sites for B-NO. PB-NO reacts readily with adsorbed CO
producing carbon dioxide and molecular nitrogen.

The steady state reaction between CO and NO occurs via
Langmuir-Hinshelwood reaction mechanism. And the rate-determining
step is the dissociation of adsorbed NO. The effects of reactant
pressure on the reaction may be understood in consideration of

the surface concentrations of adsorbates., With the pressures of
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CO and NO of each 1x107 Torr, the C0: formation rate shows a
maximum at 560 K.

The adsorbed sulfur may exist on the surface of platinum in
the form of islands. Sulfur weakens both the adsorption of CO and
NO by direct site blocking and indirect electronic effect. And
sul fur also reduces; the a&sorption energy of adsorbates by the
long-ranged electronic effect. The platinum catalyst in the reac-
tion between CO and NO is poisoned by S(a) selectively.

The regeneration of sulfur-poisoned platinum has been per-
formed by heating and oxidation. The S(a) influencing on CO ad-
sorption starts to desorb at 810 K, and is completely removed
from the surface above 1300 K. A part of S(a) 1is changed in the
adsorption state by annealing at 800 K from weakly bound state to
strongly bound one, and the reverse transformation occurs even at
room temperature. SO; formation reaction proceeds via combination

of S(a) and O(a).
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AR AT 2 49 FTFol FF drledAd 2 HFES AA
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kb o] %Y (S0) W A} wde] Efse Reon, oF F
A5H MItes AHE Sl g HEE 4+ A: 2L €0, NO,
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(three-way catalyst)7} i Eold. AFx w7]7h& FefA W4
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ditdoz2 2E Fols AFALo] Ao v Foo 84 o
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EddaZeyt UAY S 24EH] Sl BAHHE AU A

flo
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LE Eol &2 PR AAY AR Pez BYWUH] B2
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port) Solck. o4 WA B 24 FeAMN A B dF 7
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L2 244 E, dERds, 57/ Ww§ 9 Fischer-Tropsch
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Sl @ EHole WEWAL FERHY JY41F AAH 98 mx o
£ %0Hd J%[5,6] Fol /1A% Aolgs B dFLS 7
7 g8 FHE (AT AHAAE 2 o] HARA FPHA F
& AAol U, ¥H, Sol A ASELS FohH Y BHGH B
gd Hdded QoA NeA Wz 2UHE S AAIAY
2ad A g SudE S BAol AHNA Feo(7]. olH@
Hdded Fof NEWUAE LodE SoANA e BAHFAY
MY 98 d7E AYHeR 493 328 AAS AAs% Y
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F72e 44 HSLEE FaEAAE

rir

Eolgt mAF e wgH HA EHEAHVZIES MEd YU
T4 tAYen, oG EARY Feke J2FHHA AFHAE
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A ZFa8A ATHE Y LARALE(NO)S COoel o |HLS
S HdYdn, Fazd: 44509 28 FHFTSS dyd PtE A
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|
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i) The formation of the metal « carbon ¢ bond
ii) The formation of the metal — carbon m bond

Fig. 1.

Scheme of the donor—acceptor interaction

of CO molecule with the surface of tran-—

sition metal. The arrows indicate the di-
rection of electron transfer[28].
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2] @& ¢ & broken-chain 22 & Attt AFrAe oz AgAH
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. EY S COt F&HEYHo] FH4A island YHE o] Fn oY
O island Wl NOH AE 82 E@dm MLarads. PL(111)el 4
AS 9= oa Pt(110)[39], Pt(100)[40], Pt(410)[41], o A HPt[42]
A= NOS CO7b wt-gstel NeSk CO-§ 32 44, o3 H9 2
ol Al NO®l TRVAE vl W} dBAo] BE e
g4 A SAEAANA NOZH Ealstol T4 NdAS 4 otz
Bolses wAUYE ¢ 4 AY. ©W, Schwartzsh Schmidt[43]&
Pt(100)91 ol A 8 W Aol slsted, o] G FZE T A
Yot Aol okde LEe Mstol Gt oA A4 SEF M
ol EAY A2ZE Foo AYHH o= EoEd FHEZ A&
EhZe vEo g Ede HAuMAe] v WEGT MR
. ol Y XEY HSHHNE AAE WAL Pt(100)8 F$ % 410
Kol 2Eold We4Es Ewdez T34 g4% FWHA B4
£ Az Uo[44].

Root$} Schmidt[45]¢ ¢ & Rh(111)el A} NOgt CO9f F & o9 b
A%y A PtaAde A WS 8 F¥S EUdd. Rh(11)
Pol AEAY NOE CO8l FH Aol 2 %L vl AA N 7% Fof

o

2 A% 008 2243 a LE2E % 100 K /4% w3, NOSk CO8 s

A g&gAE TAH CO% THH N s 47 F% 0¥ A
o EWwrSolg. oY WAL NOJF Pt 2o Rh sl of ZaA &
Ba7) WE WezA ol Rh ol NO7t el ATl 71 A3
= Aoz 2o, Lintzs Weisker[46]2 o Z A Rhol A B4 dl s}
o ugAYel W, WEE F¢Hel 4.13x10° Torrel 2 NO of



Cosl ¢dus 1.065¢ ALol WELEH&EE Foule 257 9 500 KY
W A gg vdedS ¢ ¢ U, B Add gd=2d @A Pty
A$ dFSEe F¢FHol 2x107 Torrel™ NO ul CO¢l ¢ dul7 14
ZZA HAWTEEE UetulE Sole &5 & 560 Keldd., ¥ F
GolAe Aol gyt (o]F Hels A2 Rho] PtEd

NOol & of & F¥%53 s 71A7 Aol
1.2.2, Se] 9% 549y

drHoz FoEwo S FHSHE A% A5WAE FuEA
H. St Sojxde BAHE FE ¢ ohle 2dFxEe {YE o
e3ozH Fojo BHAE FL2AUd, Sol A% ASHA LT F 97
AdAE A 34 FAE ST FE2] Fete] olalstoof ., S9
HEgol ¥E 2%, SHAE fcc(100)3 (110)d Sl A= 49 &
F Ao ARG fec(1l)W HAlAE 3l FHH o2& [47].
T4 S HUAH S5 EASGS AdEs FHU LEDo et AAY
F Ren[48], ol o] T AP AL S & THATUHAY
&Y FHAY A4 ¢ A9 Feoernz F&I S AYLS
HAE F2 AAE 53¢ & AH[49].

Pt(111) $1el S7} (/3 x /3) R30°¢} LEED ¥ & 714z FHsx

H
ot

(o)
s

e

Qe AL, S= Pt(111) EW e 3ug F4 "ol AA%T EdH S
£ s Aels 1.6 Aolo] Pteias SHASS AL E 2.28 A9
& 1A [50]. Gdowski$t Madix[51]+& Pt(step)-[9(111)X%X(100)]



A CO8l FHol WA S ¥ BF dFolA St stepolnt
defects} & AWM AT E AL E4H $4H ez FH W2
FRs8 . Pt(110)o1 4 COSl F 2ol ml A S S 0 FHF
&, CO A¥NUA Za, FHEESY & Fo2 ¢3A geod
[62], &¥ Pt(110) 9128 SEXHLS H Eaw%&3d Ha)d MEAES
gallddEsE Bax Qo [53]. =¥ Heegemann % [54]9 Pt(111)3 Pt
(100)A ol A o] LEED Aol 9t S EdFE2E F# S9 =9
EdeES $424 e HFeA Hako, Fig, 201 £X¢] & %
0 oFe FEY FEo B ol A¥AIE v idg. ¥H Pt
(110)o1 A ¢] E A So A% -2 Maurice ¥ [55]0] 9l¢e] dF- A},
ol 43 o] Sy FSEHAA 2ol Hd = GFF U=
EAe7l wWEol Soll A Fele ASHAE DA dHsE ¥
Eo. B 28 SAZHA BTF A4 FHAsA FaEso
t}(12,14,56-60]. ol £d& F¢+™ S& 9534 Ni, Cu, Pt 94 Mo
59 FoE F7], O, o & F71 484 $& ol d3ted AT 4L ¥

of AAT TETWE AELS A R¥ 4Fo LA

E d7e 22 2331F sedAd 7234%Hd 23 E 27 9%
=

o o]fFo] Heow, A gdF vMEELE U 4.
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Fig. 2. S coverage of the (111)(0) and the (100)(o) surface as a function of
heating. Heating rate: 10 T /min. Arrows denote temperature range
of LEED patterns observed after subsequent cooling{54].
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AA,

A,

YA,

COst NOs| Tesuyol B8 $Ee2A "A CO% NO %29
Fend4 % 0% NSl FERQLS 458,

COst NOS| Whgo] %% REozn FA4Fusold %ol u A
= &oieEe %, 0% NO XY dHo) Heto] AF U},
JdH e dFATY &) FHM LEH AAES F Lol
MES %g AAUEES AL TG,

COst NOS| wrgol m A& Sol ol B8 F2e=2y dA KBS
S FeReAol Hohel LotE ¥ EW S CO% NOS F Ao
MAe d8e 452 2 9 el MAE S dg B
ol mAW,

ST SHEd Zuls) Aol BE RELZAH WA £48 Aol
sstel FH ST AAGE WHE DAL ¥ O FTH S%e
EWgol S 4 S AA oA AT,

ol 43 A Ld 4PE FHA Sl AT Feld AF Ao

o] TAHAY A4 A2

g MY dFol HEE & 9

Rew, oY AL A5 Fo)

71 AY dAY dBAL = Ao

yetyd Fig., 3% Zd.
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Reaction

l CO + NO reactlonl

2 e

Poisoning

________ o I

I CO adsorption/S F“-——*~——IS adsorption F——~“~—~—4 NO adsorption/S [

“““““““ ~ 1T

l CO + NO reaction/S |

2t

Regeneration

S — :

| Heating [ Surface reaction/0, |
L.__”____J L J

Fig. 3. Schematic diagram for the relation of each
experimental steps.
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2, 4 k2

N

B A 438 FA
Aok, AYFAE F ¥
A AAZARAS ARAAEA 4 SEFATA Fo2 F45o
Rew, 24 8¢ AM8 dd%d G P,

FAgrE 3042962 Foz AERY F BESS AL

T d Fx2¢ JAE Fig. 40 vdEd
% 3 7 F (Ultra-High Vacuum : UHV)

r—?-

DS 28l JYHEF 23] FAHsRen, 300 °C7 A bake-out
ol Ak, A W JNAES NN e Anelvadt ol A
ARG 2% 110 19 FPEEE 7R & UHV triode o] SHZT & 4%
R, FUE7I g o] 2HEZE bake-outdt 7] g $HA4 U E
AgeRd. 2RAAE 2YE F, FHS/IE 250 Coll A 527, o
SHZ FAE 180 Col A 10 A 7 bake—outAl R k. Fukg 7] W9
¢¥e& FAHs7l k9 BAG(Bayard - Alpert type gauge)E& A&
dRIL, Z A REYHE AV AAMAE FENAREHY
QMS (Quadrupole Mass Spectrometer : Anelvazl, AGA-100)E& A}& 3 %
b, A%¥ oA EE Materials Research Corporation A 99.99
%e] €= F 7hAE 0.9%0.5%0,0025 cm’® 2719 @A Pt wdol ).
Pt 2 Fdel &Mooz d72F 5 49 @€ Mol gt 2%
g2 e ®  feedthruol #F=eo] FWEriUlag ==, o o
AZHU &ed Hde ZHeles AdE #FAS] & Hdol 3 Fu
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Fig. 4. The schematic diagram of the ultrahigh vacuum system used in TDS studies
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£& Z28AHY. Fig., 50 feedthruol Z %3 Pt A5 F£27 =
Adgeg detd Ao, F2" Fele 1300 Kl A 5 A% ¢ 7,
1100 Kol 4 1x107° Torre O &AMl A 1 AL F<¢ A3, 1100 Koj
A4 1x10° Torrs] H M AN 1 A% $¢ ¥4, 1x10° Torre

O EA sl A 1300 K7 Al 7 & ¥ Ad&7x YA <¥X3S
53 WrE & ¥, ASE 5x10° Torre AT ol 1300 K2 3 A7
annealingste U9 ZXFeoz A¥aigden, AT THY FA2
EUEE T Y ZAGAI E(61] AES (Auger Electron Spec-
troscopy) 2¥Ed3 E&E9 S WURW O d28F F4& 7
Zo ZaAYS nimnteozd o]Fo] R, Fig. 6= Pt T & AH
3 ¥ Q& AES 249 EHE vz Q. aHAA EW 43, 64,
1967 eV 5 ¢ 11X oA Pte] ol ¥4 Auger SA4 7 32[62]7 et
dow, 272 Vel AN Yt @x9 4% e g
o2 Bop Pt B 7ARAA A¥IRXSTET ¢ ¢ Aok, A AEA
e A2 U AHARE FUsted BEEo EAMY o ¥
8% GAE AN AHGRen, 53 SE ANE =dWE BLis
1500 K o] 422 71dsted &% SE AAGLY. RE FUS7E

ol

24 bakeout A7 ¥ A& 4 A& HALHL 5x107° Torrol A =,
AP 1x10° - 1x10° Torrs] ¢ HHSA A YAt
NASYAANE 2dg2zoz AA AFY manifolddt F 79
7143, AFWr, 2¢YWH, variable leak ¥ 4 H A3 1/4 4 A
+

A 5e] vk, Manifoldel& CO, NO, Oz, He, HeS 5 ©]
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-— Thermocouple [
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Fig. 5. Detailed diagram of the Pt-target (top view),



dN(E)/ dE

clean Pt surface

no C(272)
X 10
[ 1544 1784
1480 1792
1967
43
64 | ! L, ! 1 1
2 4 6 14 16 18 20
K.E./ 100 eV

Fig. 6. AES spectrum obtained for a clean Pt surface.
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gauget ZIAM G UZ A e ¢S FHGG, NASYLA WEE
ZAN717] fltdE HHA HZE A Ssden, Az e d F7% £
€717t manifold 2 Eol2: AL WA} SIsted A4 W= g
manifold 4} e] o] molecular sieve (Union Carbide4}, 4A) EY S A
3tk Manifoldst A2 H 5 A9 7lAgas: 5 29 748 $4
o AT 4+ ARew, A% 7L 27 variable leak W B &
el £ Wz EUEUG. Fg7 WE =957 Hol CO, O
H & 44382 2g9eog, NOS H:S $& =dololo]2-oliE =7
22 47 BAHAG., BHEEY $HE HAG7] fge] Mg
e AMEA AR NASUFAN HEE §4 5x107° Torrs =
TLoE fFASAG,

Pte] 71d & AL TAFY 2FAYE A& o]Fo] Rew,
Pte] 71d S 7AYo 7Hde 338 ¥ g, 51" Pty &
EEXE 1000 - 2000 KS] SEF oA FHLEAR Hadsdgdean,
L2 £10 °C§I%’\t}. Pte] 25+ Pt Sldol HEAHH 0.0127 cme
AAE tA: 2 - 2% 26% sy AAHS o]l XA
S, dA4 4L Omega EngineeringAt2 %8 FUstgon HLgoxn
HSE 4-2280 Cel sk, A4 L 0 °C reference junctionoll A&
R, 2o & dA4S ALAE 10 2V gg 4 %l-é':kmulti—
meterd ol 8 so] FAHYUY, LEFHYZ 29 RE dFHL 9
FAZe g% FES slA7 S8 e] shielded cordd Ag3d=m,
reference junctione] EldE FaA el WRAFY TEL

A7l Aol AINHAAE 2F FERE AMen, 0°CE 228



$A%7 ol Hewol d8e MU AL,

YHeE TS AUHUS, ARE UESAA AZSA A4 ¢
B ZIAE UAF EUS] AEEWC FAANY F AR LEE
€4 F4° VA8 TAAUG. olw LoAAE AN F A
THAR-AT EE 22 FHE ATHIFHold 4n NEe AdS
27 d4sA 22809, o FHLEZREH AN FTERUHA
¢ JEE €€ ¢ A, o HHAE A 2y 9E BUEH
Ao &, F 4de Ed HauE, 24 4de €AY QU3
1 eRLS A4 Fol EUAYG. =¢ UL FARAN QPP
23 4847 Y EQLEY AAUE FY, 44 B S B
£ 42 4 UAoH[63-65].

B Aol 43 S 2923 WA HAE AM 49
W S&3 ¥, (1) Pt Edeo] EAHE
30 2 $% €HAAY. (2) 10 # §¢ Aol YAAAG, (3) @
ZHebs §¢ F4Y FHEL 650 K 7hA flashehel SR A A, (4)

A} 7

EE FHEE 1500 Kell 4

I 9% A2 E2HES o 30 27 HAFG. (5) HIdE= NAE
Uate =8 TF ARE 98D, (6) AN gHo] ¢ 2x10°
Torr7t s]=2§ 1 8 $<¢ wi71Add. (7) Pt o1& 29 50 - 80 K
o HEdEERE Y8 LE7A flash@ o, Flashat: £ g3
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TS 249 2dg A7 st Hates m/eE QS 42 ZA3}dg. TDS
e Rt ¢ el2g=& A% FF5Eden, A ¢g2
variable leak B2 2@ A=, ¢+HFAH L BAGH QSol st o
Fol R,
Pt dole S =& HS =Fdd 9sted oFojxen, HS
=F ¥ 650K 7HA 228 84 HSe iz 44" F2

2
&g

+r

A Pt £del] S HEF sk, Pt ol S 2" ¥ A
RE EXE 27 A6 A 1500 K o] 49 LEcA $EZ Hdede

W, 442 008 EF2HEdol et Pts] AHARE HAHU .
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3. 24 9 2
3.1. CO% Nos| T e# ¥4
3.1.1. COsl $2% d4

Fig. 7& C09 Al 7Zto]l w8 uptake F4H4 & Yved Aoz A (a)
THL CO7F EHEAE Pt EW, (b) FHL ARE Pt ol 4 7
7t & Aok, 2z FHL 1.42X107 Torre U A F <49 COS A
dxeoez 2 ALY $52 AU CO REYLG HIE QS A
22 A% e, (a)d A$E Edo] O/ ¥ Fanz
olwl tebubE CO BRG] WsE A AA O YHHEHo] FE S
SEHYS vdebdc. (b)) Aol uptake FHSY 71 L7 A Aol
A2l ZAL[66]1%F ZHeol dedtA dx HEFE HMYE Hol: AL Pt
Edol & 74 ol4d wAAWOE T Yew O= F oy
A7 ¥ @AM eZRE 2 dRAYHozE 7] g8 FXES
AR ¢XHeg FHE7 AEez 498 ¢ A9, 284 ¥lF
A R WHE COFTHFL Y.

Edo 2ESE EA5d dg Edo] FHH:= EA4 ns=

M

EA"GE FAAFE VA FHEAE deades F28 oz o
g2 TDS, uptake, LEED, XPS, UPS ¢ AdZAAE THE ALY +
deov], HAELEH 259 24 dA 0104 1 4o]8 gE 713
t}. Fig. 82 pumping speed’} 0.48 1/s, Pt A5 EWH Aol 0.45
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16 .
1.42 x10 Torr
= (a)
S 12+
@ -
(o)
= . (b)
x 8 CO/ Pt
~ -
o
nf) 4 +
O ~ | | ! 1 i | 1 ] |
o) 2 4 6 8

TIME / 30 sec

Fig. 7. Uptake spectrum of CO on (a) CO-saturated Pt,
(b) clean Pt at 300 K. Cross-hatched area in-
dicates the amount of uptake.
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CO/ Pt

CO EXPOSUREIL

Fig. 8. The change of the sticking coefficient (S) with

increasing surface coverage with CO on clean Pt
at 300 K.
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em’d wW  Fig. 79 uptake FH o ZHE AXY REA$E COY =
273 42 Jedlx Yg. FHY ez 92 27 BFA4E
0.572 A} Collins % [27]¢] UPS(Ultra-violet Photoelectron Spectro-
scopy) #8243} 8 A2, Nishiyvamas Wise[67]7} TDS A g A HE
TAHAE ALY ¥ 0.59% Z7) g8 YR Y 24E FA¥gw wS
g g AdANE EHAF Y. C0Y =5Fo] 3L € o AL x
&% Fol FRAA A dAY FHASLE AANEd &
Kisliuk[68,69]7} # & & precursor ¥4 22 HAwW¥ 4 U, Pre-
cursor Rl PtEdol 2E8E COERZG FH T2 Ha T2
e Aol okys, Y EWolA precursor 4EHE AW F Ed
A elFstdEA WM FHAE Fol FRAGT AL, oHY FTH=2
71l LAY EAASLE dehilE 4L P(111)[70-72] A E X
ol U,

Fig. 9& 7R % PtoAclA CO¢ =53 WHA7EN 4 O
S 242 E dgd 2o, ows $HLEE 310K, dS=

2% 50 Kellk, RE =FFo dete] 5 e E233As e
Uz flew, =&FY %0 B34 o JA2E 470 Kol 4 400 K 7}

A HE EFHoR oFen B AL 530K AW AALEE

rr

A, Redhead[73]¢] Wl st 7 w3 e¥N4E 1 2, &
HEEH$E 10%/secE AT o, B-COY B2 BHHAUAE A
st 77k 94, 126 kJ/mol®] 2t& uvelwiel, ol & Nishiyamast Wise
[67]¢] 49 A% 2 A8 Ak, =579 570 v % g3

7 23 $Aol 2L o2 Mo} Ok « J2F F= XY B 9
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400 K

CO TDS/

clean Pt

APco (ARBIT. UNITS)

'[‘P'—cg—ssol(

| ] ] 1 | i

310 400 500 550 600 650
TEMPERATURE 7K
Fig. 9. CO TDS spectra following exposures
of the sample to (a) 0.05 L, (b)

0.1 L, (¢) 0.5 L, (d) 1L, (e) 2L,
(f) 3L, and (g) 5L and 6 L.
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Ft 440 39402 $A4¢E ¢ 4 U, X LYy €A
% Glandst Kollin[74]s] 48 AA%E HAZIH HALE a4
A9 ANEE ¢ 4 A, JBL AW AR Pt BT F3
&2 ey spark WeEel Sehel AZE Pt(1l)ez LAYy
Crowell $[75]19 COTDS 29 Edr =& Fo A ge]l 400 Kol A 3}

l
i

3L
b}

e

ke

e Hagts el A3 viadg Rd 2eo] ASS ¢ ¢ A,
Glandst Kollin®] ## & g9 4 71x o]§2 wFo] Hop R
RXdx 48588d,. (1) €48 Pt(111)¥ A% linear—-, bridge-CO 7+
o EXol A ol F 30 kI/mol2 A o9 A, (2) ol & ¢ EFLS
A7 Pt(1i)el N 22 o & FH[76,77]9 A & LxeA
COA5ZEL £d Fxo] & J¥T ¢ g3 G4 O T3y
ok 2 A¥E ¢ wlEol EESe A Az Ede Fz2E
A% 4 g, (3) oS Pt(111)E d 24 PtE dAgsod A=
SReEd ol 2o gt SHE Pt(111)E A% UG & 5
glek. &d, £ 2483} Gland9} Kollin® TDS 2# E g 4 2] 530 Kol 4
detdes B HAaE g5 A 72 2dez wFo] Hol Pt(100)o]
Z1dsE Aol H44 "d. (1) Barteau 5 [78]9 Pt(100)oll 4 ¥ 2
COTDS 28 Eg ol 530 KallA & Fol TAQe & M A=A}
el d k. (2) Hayden $[7919 stepg 7b% PtollA 9 AP Ao 9
d, COTDS 2¥MEgdd Yegus F MY A3 L= HAGsA 44
3 (100)de2 ¥ stepd EAHUE} 245 T &7 d
o] 530 Kell A vdetve s3as arzst Azg, (3) & 474 NOF¢¥
2 AdYol o d(Fig. 10-12), NOE Pt flol A & Lo,
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Edd 9d Pt(111) foldE NOo| Eaiwtgel YoluA ghon
[32], Pt(100) SlollM & 42F NO7t £dstes Aoz <A U
[80]. ol &l A E¥ o-CO& Pt(111)el 71 A& =z B-COE Pt(100)¢] 7]
dEE ¢ &+ New, COY FHYds & dold dAdGn A
LCOY 28x=3A49 COTDS 28 Ezta 4 (111)d o (100)d ¢

5
Ed HHuE ALSE ¢ 549 19 s AW,

K

3.1.2. NO§ F e @4

Fig. 102 27X & Pt flclA NOS =& F & HHA7HH 2L NO
S 282§ vdetd 2o, o] of 7149 FXLEE 300 K, 7
dEEE 29 50Kelick. NOY =& o] 1.5 Lol o]27] 7AE as}h
B ¥ M exdas deyx dew, 1.5L 049 =22FJHE a,
B, vol AAe EX33as% deuz Adgd. =& Fo FA%el by
a FAE 405 Kol A 365 K 72, B 532+ 485 Kol A 470 K 7b A ¥ &
2EFoE oFs: W, vy 2L 565K UAY eFLEE v
W, Ibach$} Lehwald[32] ¥ Campbell 5[81]9 Pt(111)e1A ¢ NO
S 249t E 442 d, Fig. 89l « JaE F+& $AH4HL Pt(111)
o 24} Ao FSE ¢ &+ A:?, Gortest Schmidt[38]¢ Pt
(100)el A1 ¢} NOTDS £¥=a & 45 o] 29 B 72§ F+& ¥
AL Pt(100)8 24 d} A Ao ZE5S ¢ & A, &4, yHdaEe
¥ 2HAFE AL stepoltt kinkel Z A FHd2 Y& N9
Bz 448 NH4A4s 0 447 MAYsdd 4AUYE Zoezg B,

rlo
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= (365)

NO TDS

- ¢(470)

¥ (565)

SIGNAL AT 30 AMU

I I R B
300 400 500 600 700

/7K

Fig. 10. NO TDS spectra following exposures of
the sample to (a) 0.14 L, (b) 1.5 L,
(e) 3L, (d) 5L, and (e) 10 L. For
curves (a) and (b), the scales are
increased by the factor of 100 and 10
respectively.
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Y-NOE F+& ¥4Hd Edd{ulE vNOS €2 Fo] 2AG ALY
W 0.05% olste] gg X, Gl dFE COs%k NOs| TDS 2 €=
e AAE vimd EHd, PtE o2 A& dFdAdEe o A
o nEo Aejy o dFAYPY dFAAE F¢HA A4 A
of +&ed 4P,

Fig. 11 7R % Pty NOS =82S d3A7d 2 N,
™S 29 =& ved 2ok, 4 Noo) £ F & 28 o] A 2
EAZFE 7tAE 08 FEGol 433 &7 W&o, m/eE 288 I3k
< W CO%s £5 € Ht7] fAsted N 2d=2 448 E N9 m/edd
1424 Ne® €& ZASGA. 1L o4 NOxFol iy G2
22 uF} ¥ 259 ¥ FAY Hat degudm deoen o
5L, azi= 20 L] NO =& 93t 28HE & & A, £ 4ddq
A2 NoeTDS 29249 ar, az A XY Gortesb Schmidt[38]7}
Pt(100)ol A 22 NO¢ Eslo] & N HAI3HXNG A 2L Zeoz
Hol, NOoj E ol & Noo] 44L& NOTDS 2¢=gt FojA B v
€ F& B4 7Ids s Aoz HArg, Schwaha$t Bechtold[82]0]
w2, Pt(100)d NoEF B4 %AA FHA7H 385, 450 K& 9 2o
A FAEg HAat 4AGE ¢ ¢ Ad. 4T3 Y o-Ned] RN TSE
ENe 2% AYE LI, N TRUIEEE Bl F Az
e NHEA} AAGsdE $3od AgE ¥ EE ¢ & A,

Fig. 12& 712 & Ptol 5 L9 NOE =&4A3U F &2 NO, N, O,
CO.¢] TDS 2¥=3g %47 et d :1-%°ll=}. 2o A 2 B-NOY
HadAolA Coel HASEZ Hd7 sin, o HAANA Ho 43
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No(NY TDS

X, (515)

SIGNAL AT 14 AMU

(c)
(b)

(q)

| 1 | 1 | 1 l |

300 400 500 600 700
T/K

Fig. 11. Ne TDS spectra following NO exposures
of the sample to (a) 0.1 L, (b) 0.5 L,
(¢) 1L, (d) 2L, (e) 3L, (f) 5L, (g)
8 L, (h) 10 L, and (i) 20 L.
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NOX10

CO2
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N
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Fig. 12. TDS spectra for NO, O:, and CO; after 5 L exposure of NO.
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Hir
rlo

eEAq N A2 bk ok, Ptol A 300 K ol 49 £

>
e

% 0849 £ CO= §4 #esed CE Y43 [83], o
SEHHAA Coht Pt Edd FHGA dede A84]3 CO9
PJAEE7 Add =7 450 K2 A o-NO9) €225 Hr & ez
njFo] Hol Co, 4AL B-NOooll 7jd#¢E & 4 . ¥H 900 Kl 4
1300 Ko} 2 2=2HSAA 471 0 HIA & NOoj 8o &3 O ¢
A7 AAGE Zidan, €4 0§ EdHA FHARE @ Jeb vt
EogxAas o A Ad., ol4e dEATA gHAHE o-NOE
Pt(111), B-NO&= Pt(100)dol 7id&+ Ag FAd¥ 4 Ad. ol

2% 009 £4& 6 x 10° Torre] ¢8<¢ Uet e background COol o,

3.2. CO%+ NO¢ ¥

et

- Ry

3.2.1. NO9 F X3 Fo mAE COY 9%

Co8 FHA P AFHRAY FHEHGE NOJF & 4% ¥A
A Feed ot COY FXHUAZ NOEG 7] djE CO% Pt
Aol ZeA Leldol 7A@, kel NOS F A2 COol o 8o
493 & 4SS ¢,

Fig. 132 7R ¢ Pt £dell AFHH CO8 ¢S HHAANEA 7
7zt 10 Lo} NOBE =547 ¥ 22 NOTDS 24 eetg Vet d adeld,
a-NO¢l H 3 A7E 1L CO HEHel diNE adA & 4% ¥
A oy o o4 CO HEHe dateds A F &9, 73 25
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NO TDS

(d)
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/
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e

l 1 l i I 1 l | l
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Fig. 13. NO TDS spectra after 10 L. NO exposure on
the CO-preadsorbed Pt surface. The amount
of predosed CO is (a) OL, (b) 1 L, (¢) 5
L, (d) 10 L, (e) 20 L, and (f) 50 L.
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S AAE 365KAM 30K 72 H& &5 Fo2 oFdh. W
B-NoS| I 1Lel O HEHol el TEE BLE Holm, %
10Le] CO AEHol M A QolFg & 4 Ao, v-No Ha:
1Ls) COAEAel sisol Asl glolzc, THs B Fol S
NO ¢Hol B%E AL PtE AAHE ed dolu, feedthruod 4
2EAFol kel FASUY NOJF €H %o sl Ao M,
50 Lo} COZ E8F24® Pt AIE a-NOS WaAs 23 Yords Ae
2 Hob, a-CO8l ¥4 AN o-NOS FXH AANGE 2F Aol 7
REE L 4 Ao o4 AYAHE T HW, 4FAE «-CO
«-NO®] ¥ %€ side blocking®h™ a-CO% a-NO Ztol& A& wurgo]
F3%e ¢ & Y. =W B-COS FAWE B-NOY EHAD A9 F
2L A Yew, B-NOE B-008 APHe ER ALY FA COste
CO. H4MEol ool Z2HE ¢ 4+ Ak, y-NOS ZFaE FA OO
S Co 44 Eol NAdse Aoz Had,

Fig. 14 7R3 Pto] Z7 10 L8 NOE =3% ¥, UF =24
At 0l ¥ AHAAWA L& NOTIS 29=3E debd 19
oth. a-NOS| F$ FEAHE 0ol 4% dgel C0OF AFHARE
WAt As EURA Hen Y= AT Hop a-COS% a-Nos| § 2 4 o]
FUE AA A $S5E A4 HAL & UK. W B-No= COF
AEHNE AT FEAWS W 0o d¥E ¥ v, o&
A F4E B-NoJ B-COSl RS AAHT U7 g B-CO7 2
2 R sz, oo @A B-Codl A AUHA A Bl CO
HA%gel YolrhAl Bgoz 4¥AYG. 2 BE 39 O Fri
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NO TDS

SIGNAL AT 30 AMU
/ )
\(

N W NN TR N TR SN N
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Fig. 14. NO TDS spectra after 10 L NO exposure
followed by CO exposure to (a) 0 L, (b)
10 L, (e¢) 20 L, (d) 50 L, (e) 100 L,
and (f) 300 L.



ol #js]4 B-NOE B-CO2 X% dc. v-NOS| 7 % & Fig.139 A9
AL vz AY¥E Helx A&dl, ol yv-NO7t CO: 4 Aol ol @
g4l 23, Pt el 2F 487 Fol 2% F3 CO% Ao
ENEE $4% 4 NSz 49€ 4 A, o4 APAHE T
g Yoz yeuld dS53 3.

r Pt(111): a-NO + CO(g) —» NO(g) + a-CO
CO(a)

Pt — Pt(100): [B-NO — N(a) + O(a) — CO:(g)

B-NO + CO(g) ——>NO(g) + B-CO

CO(a)
\ step,kink: y-NO — N(a) +0(a) — C0:(g)

(a): adsorbed phase
(g): gas phase

3.2.2. COst NO9oj 4 %%

Fig. 1565 7% @ Pto]l CO HE4 & HWRAN7AWY %2 5 L9
NOE =2X7 % 9& 00 TS AHEadE debd 2ok, 0l
AU JH4SEE s 2EE BN M AAQA 470 Kol w), 4 F
%9 Ol ¥ol ¥4 S o-NOst y-NOS| HA oA 22 shoulder
7t AL & 4 . Fig. 108 NOTDS 2g e 2 a-NO9
ol B-NO Bt B& WHlol 008 Aol a-Nooj M US A B
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SIGNAL AT 44 AMU

Fig.

15.

__/N
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—
=
—
e
o
-
s

300 400 500 600 700
/K

CO: TDS spectra after 5 L NO exposure on the
CO-preadsorbed Pt surface. The amount of
predosed CO is (a) 1 L, (b) 2L, (e¢) 3L, (d)
3L, (e) 5L, (f) 10 L, and (g) 20 L.
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ol dojibe Aoz Hol, o-NOE NO Bl fhgo] & VYL Mot
Pt(111)o] 71dskx B-NO: NO Esiwbgol 2 $42 Mol Pt(100)
of Z1dee A gA ¥4 B ¢ 4+ Y. LHHo= NO: Ptof
PAYANZ Aol F440[85-87], sdo] el AR Ao
A EAtdn oA Ao(88-90]. ¥ AYATel wEwW, Pt Ewol
4832 Y& NOS) EAE B-NOS RALENA Yojum o LEo
A E2 CO%s) Wge HUSEZ o] FojWE & & U, wehA Pt
Sl A NOSH CO 8ol &4 AL NOS) Bajtgolatn & 4 o,

Fig. 162 Ptols] CO ¥ %3S "B A7 ™A 272 5L NOF
=22 F AL 0TS 2HEds FARYGN AL CO 44
B2 COATAHTS ¥42 vebd Aok, o 2ol W 1 Le
COAEHA Y48 Cosl %ol TARA S7em 2-3Le COHT
FA 2 Gl Hulst H2 4L o4 0 HERAE 2 Fo] T4
Z28¢ ¢ 4+ Y. 0L CO 4EHA H45E o= NS =24
background COoll 9 &te] F A= COol 71k, CO9 AHFHgo
Mad g FS(C0 xEF 1Lolsh): O HEH FolE Pt EW
of NOS| Ealwtgol 29 ¢ A& 8 THH| FHse] Faue 4
4B T4 0UAG ol EAHT 0o AHFL 0 FHFol n)
dlsto] FoA%o., wWEe 08 dERXFol Moy F AL(CO =27
4L ol4)dle Pt EWlo]l E2 CO7 Wol Edetod NOS E2 o 4
Hge walshs] HE 08 HAFTL COS FAFol dulH G,
Coel HAFES Ewlol A T T T2 0% T2 0UAA &7
% o Aue &S B, 4 AHAA 2o Hu Pt g4
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AMOUNT OF PRODUCED COp

NS T O N S & ) I ¢ ) 00}

—_

5L NO EXPOSURE

| 1 | I | l l l | I | I [
o 1 2 3 4 5 6 7 8 9 10 20 50

PREADSORBED CO( L)

Fig. 16. Total amount of CO; desorbed as a function of
preadsorbed CO. The amount of NO exposure is 5 L.
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Ml AZAAu e NOgk CO9 w$& FAAus W Ee] 2¥eod e

S Yo7 A Stt: Langmuir-Hinshelwood(IH) ®l7#tU&F & w2 23

de ¢ ¢ A

3.3. AAAd A COst NOs o e

3.3.1. & =%

A4 sl A COSt NOo| wbge] zZ WE & FH ALY o
g s e HEEAE Yehild G533 Fo.

CO(g) + * < CO(a) (1)
K

NO(g) + % «—— NO(a) (2)
ks

NO(a) + * ——p N(a) + O(a) (3)
ke

2N(a) —> No(g) + 2% (4)
ks

CO(a) + O(a) —> CO(g) + 2% (5)

Ki, 2 : w§ (1), ()8 #SHY 4+

[: * : BAAH
ks, ke, ks : WEE (3), (4), (B)Y &S=E4F

R AgAYY g8 FH[91-93]d g&d, HAAMHA $Fd
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200 + 2NO — 200, + Ne®] &4 @Al &= NO(a)sl #aik3d (3) &
goz <A A, NO Eswrsol AHHA d¥E vAE NO(a)
gAdeY EWSES Z $EY 24 4 ¢, SE T A% 5
$Hoz JPs 7] HEN WS WA WTE ZAHF T ZEA
dato] HSAY ARE TEFETAHA 4¥E & Ae AHH &=
Aqe 4713 s YEd. Gy B AP 22 52 O0(a)
CO(a)e) A% AJ AL 7z ZAo TFo] msG] HEHEHE F4H
oz H4s7=2 ¢, ¥z A9 4 (1) - (5ol W] ALY
M4 E4AE verud d& 3 Fo[94].

d[CO:2] ksKaPro
= — (6)
dt K2 Kzks Pwo
(1 + kiPeo + KePwo + —— Pwo™® + )?
2ks Kiks Poo

g (5) PtilldEs ALAAE S waA AP, (2), (3)d
o2 SAEE NS 2 ded §E42 £do S8 o43%A

s
gesh 2aso] Ao [37].
3.3.2. WE2ES ¥

Fig. 17¢ COst No8l ¢8g #Zz 1x107 Torr2Z €A & A # 7
S$HAN Pty SEF WA WEA ¢ FAAHAY 0 FH4EFEE Y
B Ao, 2ol B COe HA4HEE F 350 Kell A Al # sl o
400 K 2ol 27 TASA F73to] 560 Kl A 2 JA4&EEF
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AP, (ARBIT.UNITS)
w » 5)
r I n

N
|

1

CO 1x1077 Torr
NO 1x107 Torr

560 K

1
300

400 500 600 700 80
TEMPERATURE/K

0 900

Fig. 17. Steady-state CO: formation rate as a function of
temperature. The pressures of CO and NO is each
fixed at 1 x 107 Torr.
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Helx 1 o] EAE $527 F484A Z&sn Ug. e
MASEE Pt(100)oll 4 o] NO BallAALES dAan[30], ol& #
o Sz N9 Eaurgel Co. J4HEe #452AYE e
do., 400 K Tl A MSE=E7 FAHAGA FAses AL o] X0
A 4 COo(a)s]l 2o ol Ewle] ¥l FRHe] 47w o] R
NOZH 2% ¥ Edste] O(a)sl EWdSESL 747 Wlfoz 49
% 4 . Schwartz$} Schmidt % [43]& Pt(100)& ol &% TDS 4 ¥
of et E 410K 2w S22 HgEL 4o 21 £33
o ¥EHsSe 4 EUF2Y Hd Vg FHALEW £ A
Holl A olEo] A =2 i & WSTEES AFHA YE LA
$Fog Het O(a)d EHSE $712 $TF €4S 498 A
ol etgd. ©H, CO.o o HYAHE=7 B-C0s €HLE¢ 530 K
EgE & 560 Kild vdebs AL o 224 Edo EAe
CO(a)st NO&} E 8oz 44F Oa)d EdW =7 u§ 3 A
d 1ol A7 WjEe2 A, o4 APAFE Adlhoch$} Lintz
[95]2] Pt #lell A COk NOsko] F 44 w4y A 550 Kol 4 650
K2olg EEHAA AiEEHEE del s A S ¢S &
o]jx eomw, Campbell 5[96]¢ Pt(111) 1ol A CO AF3}ut-§ o] 3

S

molecular beam @A SE A YAG2 Uch. 560 K ol 49 &=
AN FEUA LEEEo FAGE AL Pt LEF UF ¥7] WE
O Edol EA%E LIES HUSE TEHA 2Le7 AE o
G. olHiE LEo W& EUFE ¥sel /A WEEES WHE
Ir(111) 918 CO 44w Yol A XPSE AAahA 75 R5[97].
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3.3.3. CO¢4dYse 9%

Fig. 182 1l

flo

SEEE Fig. 1744 Co: HWYAHSEE deus
560 K&, NO¢] ¥ &

2

€ 1x107 Torr2 77 YASA $As3z CO9
HET dHGEN AL FA 4Gl CO, YAESEE logarithm
scaleZ vEld ZHelc, Hlgeo] 3.3.1.61A2 HMSYAE wat Y3
G2 Jhgstd NOS| o] AAF A9 CO8 Yo g B w=
EEE 4] COof ol e 2xbo]l:, COS YPo] £ wW& -2
2 veddg, A% 2y 2d CoY ¢He] 1.35x107 Torr 7 A
T7he Heles 12 deudxm, 2 o4 GHANE -0.3%2 e
ez & 4824 (1)olA (5)8 A daga uge] A
YA 5S¢+ UG,

SEAo] CO ol et 1A ddeHE N0 ¢ 8ol CO9
FYHE Fomz EdWoE NOO BHuwrdez YW O(a)t %ol
EAdnE FHXdE O 25 wgsted Co2 gz ¥ 4 A,
oI A%l O(a)2 318 EUE CO9 TS Walelal g
AFA[98]E el 24 CO0Y <o) 142 EASHG,

CO® F¥o] 1.35X107 Torr o] 4 ddolAE CO(a)s] EW¥F
=7 HAH AAAN CO(a)7t NOo) 2 ke & AdAMe7 AFdg. 9y
CO(a)e] AdAukge] g FHAZE St goidgdxn A
CoAdgoll e Wea4E P 3 2d. C0 ¢ 3o| Peod
We JY HEES 6codt 3 Langmuir F 25 & 4 ol 4 [99]
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1.35XIO’7Tbn

5 |
S
- -
\O(\J i v
Q_O
g -
~ T=560K
£ O
i fixed NO
| | l 1
-0.5 0 5 1 1.5

In (A PCO ! Torr-1077)

Fig. 18. Steady-state CO. formation rate as a function
of CO pressure for fixed temp.= 650 K and Pno=
1 x 107 Torr.
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KPco
6co = —m8Mm——— K: ¥4 44) (7)
1 + KPeo
L2 FAY 4+ A2 ¥ W B F 0=
KPco 1
6° = (1 -80co) = —m— —_— (8)
1 + KPco KPco

Aeg Jvetdo., ol @ vode EdWel FAYT NOO YR
Yo7 O(a)g 44z, O(a)e AR 7 CO(a)d g3

&
C& 4%z od HEEEAL

= Pw8° = PwPeco™ (9)

dt

2 "ol CO8 ¢Hol wiated -1xe oz vebde, 2y 43
22 -0.3%49 Hoz2H o & A4EF Yl oY Aol F vy
e o4& dAsd 3 2.
(1) CO(a)7F NO®J ¥ % 9 E & SAol W,
(2) NO9| 2atg2 S84 AAE AFeed O(a)dll ozto] Ha&

L1 8
(3) CO(a)e O(a)sh e ded CO2 A A,
A AR Aol A2 AE JdBAYE AAT A HE TG
3 4377t o jct,

Fig. 19+ NO®) #E g 1x107 Torr, HELEE (a) 490 K,
(b) 720 K2 Z7 s COoel ¢¥g AN AL A4
oA 9 CO: A4 EE logarithm scale® YJeld Aelct, (a)e A S
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in (A PCO2/ Torr-1077 )

1.4 X107 Torr

16 |-
1.2+

= (o] P [ ]
B @ v

1.9X10 ‘ Torr

" °
4

— (b)
Or fixed NO

| i ] i i
-0.5 0 0.5 1 1.5

In (A PCO ! Torr-1077 )

Fig. 19. Steady-state CO; formation rate as a function
of CO pressure for fixed temp.(0O: 490 K, @ :
720 K) and Pvo = 1 x 10 77 Torr.
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A= 560 K& A$s A T A% Ul B HuUUIEE
2% 560 K& A Ho ok 30% AE He &g AW, (b)) Al
E HUWMTSEE Q=d ey C0 ¢Hel 1.9x107 TorrE A
() Am, 2 ol 49 CO LYdNAE $E4o0] 0 THol T3
¢ 0n4ez ENHUC, Pt ¥ £E7 nnd ¥ dols Ed
72 0(a)7h @AW#A I CO8 FXE 720Kl e FYERTF o &
Yolupx) EWeh. COS ¢HZ7ol £BeA WSEEF BT 44
& COst NOstel wgol LHelstUGel @t AgdAces Ag WU
SEELEY

3.3.4. NO &8¢ 4%

Fig. 202 W$ =& 560 K, CO) ¢HHsE 1x107 Torrz ¢
AaA A N9 ¢S HgddA e Co9 YAH4SEEFE log-
arithm scaleZ Y etd Aelgk, NOo el F7 %ol et AuH
22 Cos8 HASE7} A4 AAD dow, NO9 ol A Co 4
AEEs EZY JEAEL Lintz9 Weisker[46]12 Rh o A NOst
o S AYE AFANHE Yt Y. o] olHY Ve AR
WS &< O(a)s] Fel 2 S EF JHESY AT @2 transientdt
A de7] WE deiddm 4H .

2 AgzAelAE Pt Edo CO7t Aoz Exss NO9

8

14

siukgol o8] 44H O(a)= CO(a)sh AF vt33ts Aoz HAG.
ol & AAL COst NO®| T H 4 Aol ot 2HHoz2 HAY £

_49_



TF fixed CO

In ( APeg, ! Torr.1077)

[ ] | | I

o) 1 2 3 4
In ( APpng 7 Torr.107)

Fig. 20. Steady-state CO. formation rate as a function

of NO pressure for fixed temp.= 650 K and
Poo= 1 x 1077 Torr.
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Ak, Fig., 212 2 L9 COF HFHsx 2Le] NOE FEXE F &2
NO, CO, CO. Zzte] TDS 24 EHE Yetd adeld. o714 CO
T A9 A7l 5ME FAF Aold., X JZHe WHE vz B

b

Hol&= F& CO7%t F&3txz AEE ¢ & Ad. =¥ No(a)s =%
of #A4de NOE 223tz 2 yrAE B-NOS HIa A4 CO(a)
sbe] ol A £2r2=3 A, oY @42 CO o NOo E w7}
1 ES71AE LA FAol 254U ¥ €2 A AE e
. 2 ol$ = CO2 FAo] NO B #4 CO8 F2o o8 NO9o &
A g 49 N9 COoll & ABdFo] dolv}r] wW ol

Fig. 20014 NO® ¢ @sol ®E ANETEHSE=EHoA NO ¢l
i X4E 3.5, 0.2, 0.59 €A HAd gez HHHG. NOS ¢9
vz gg b 2 A4E Hel: 22 N9 £, Eakgd @
O(a)®] 44, O(a)s CO(a)she] Wgoll o4& Co, 44 2 ¥ FXH
T3 59 dds dAF L 8 AMESES FFHE Aoz 4F
Hdo. Noo| ¢del vizy £ AL (1.5X107 Torr ol &) %L &
E {5 A o] Batode AHA 49717 o/,

3.3.5. CO% NOs¢t¢ g ®=stUsF

BHH I #AY AN 478 AY FAH HSAF FH
o Bdel Y& A¥S FAS#HW d&F T, WA 0% NSl FeH
Ayl e 2 AYold 4L% DY Pt EWE F=2  P(111)
3 Pt(100)22 FA4so] feon Noo Eawge Pt(100) Aol o
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CcoO

CO/NO/ Pt

(ARBIT. UNITS)

QMS SIGNALS
I

1 i Il i | i

310 400 500 550 600 650
TEMPERATURE/K

Fig. 21. Thermal desorption spectra for CO, NO, CO.
after 2 L NO exposure to the 2 L CO predosed
Pt. CO: curve is scaled up by 5.
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oqgE ¢ & Ad. CO% NOS| TEHH Hdel osd CO= NO9| £ %
< Wz F24Y NOE XN 8an NOgt w8t CO,E AU,
ER COst NOste] BA44d Adol Jad Co 4A4EES CO(a)sk NO
o Eatteez 4 O(a)s A HANMUSE =8 dojuin,

e E5GAE N Rt eld. vt NO Bt gol g

o

e AR BEA alFEd FEUT IS4 L 2534
k. W, CO(a)sk O(a)she] 4§ & structure insensitived ut
$2o® ¢8d Jernz(100] Pt HEHAA Lojg 4 Yo}, ¥k g
SEo FHoYA & 0(a) BErhe CO(a)7t EWHANH o % o] 8
AoelBE WE F2 0(a)y EAFE7 2 Pt(100)l 4 Lol g
ga dA4e 5 Ad. oA AANEET F¢He= =AHRY Ao
Scheme 1o Z Jety Ak, & APz Adaes & (19)0 o & NO
AL vdetvA gddgd. 2 dAY &2EES 42 EPHoez oo
e Ao otyd AHE $713HAd dES wAdA Loy wWE
7179 & ol A #9F dHs AAddn AAHA A7}
dasg., Z £24$ES AEsdsd Yoz ydad 333 7
.

3.4. COst NOste wt3o W@ So ¥SHEA

difdog FojEAo] FoalSo FHew FolSe ZY FHo
g% 244H blocking @43 FelE5e AAH HA 7AdsE A
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« (
® (
°

= (
" (

CO(g)
NO(g)

+ %k —*a-CO + B-CO

+ % &——>a-NO + B-NO

a-C0 &T—*B-CO

a-NO & B-NO

a-NO
B-NO

B-NO

N(a)
O(a)

NO(a)

+

+

-+

CO(g) —— a-CO + NO(g)

CO(g) — B-CO + NO(g)

% —» N(a) + O(a)

N(a) —» No(g) + 2%

O(a) —> Ou(g) + 2%

+ N(a) — N:O(g) +

«,-CO + O(a) — CO:(g)

o M O aQ w >

: adsorption & desorption

: surface diffusion

: displacement reaction

: dissociation reaction

: recombination reaction

: surface reaction
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NOw» NO@»

Pt
Pt(100) Pt
NOa ——— Na + Oa——— COs @@
RDS +CO@
+Na) rOa)
COg»
Pt
NO9g Ny Oyg

(g) : gas phase
(a) : adsorbed phase

Scheme 1. The model for reaction between NO and CO on Pt.
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A4 4% $9 % A A¥e] mH A, Fig 22& ol @ £ 4%
€ 24302 Yuwn U, $A4H Ble EuiSe] Y Ay ex
N7 AE DE FE THAA Ean, BY EFus @ A
247 ¢ AE ANEGT AYAH PSVAL oS EWSEo
d9dez wulaetod 22, Bl dPST A= BHHE BAA
FHRE FREA F Sy ool FoisH YUHez AP
RE Esst 24He FAHA A EuiSelds AHHA AL e
#32 R S El §9 £ FHE EFUL. SHEDo] FujSo &
430 dddez 299 FUAE ZoiSo AAH d¥S wA
SEd olwl of ¥ WA BaodE F AN 2] Y. F, &
o & o] ES°¥I-‘§'} d¥%¥E v AdE short-ranged effect[101-103]9 El

o

K

G, M Ed 2 4H ¥ WA long-ranged effect

[104-106]e]ct. o] %712 A o A7AE dPsdm Y& AFoo,
COst NOS| FeftgAlel S/ ==l F2Heoz Bg

W7l e dollE AAHozZ HEEY FHAUA HY, o 59

ETHY 29 S22 AG NOEART Wl Sol o ug8 Aol

Zad e d4d,

3.4.1. Se exdA
Edol FX¥%xn e S XAl AR AL S 4% HE
4% 52 ol AYATFol B EF S FEHE olo B o

A gotr=E @1},
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. r Sa
O r Metal

Fig. 22. Geometric and electronic effects in S poisoning.
B: blocked site, Es: site affected by a short-
ranged electronic effect, Ei: site affected by
a long-ranged electronic effect.
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Fig. 23& Pt A HS9] =4 %€ H3duA 2L STDS 29 =
#HE Yetd afel. 60Le xFo e F A wRHAS U
Bur, 2239 Fol e o I3 2x& 560KE ¥Hey B
A 25+ 800 Kol A 750 K 74 A 2%, SR AP QIS 4ol
S:(m/e = 64)8] AX & Jetuza ggto.

o (3L EHANA €28 & oligomer el o S,(3<x<10) = 7] o)
ZIda e Foz Bdd., 2 olfE B2He dojus LEWHNA S
YAZdd 71 dAdgdes A £ 2[107], Se= 724 5
A %7 WEeDG. B HAaE dAAHE T2 AW S| w2 7
A&, B-St 800 Ko 2245 St i o &2 a2 o
As EW dolRoly 800K o] 4 22y A& Hoz g2y,
olel ¢ 800 K ol Aol A MAs @, #oA A¥sxn Y= S=
$o2 AdFE A5 9 AYAEATFo] v 2] B o Fojo HEUY
o APdHes V%S ¢ 4 Ad. 800K olstoll Al S(a)e &7

T RS FHAYAE AAE F FHRE UdgudE AL oy gs

Hir

EHAAME & 4 2UvH[54,108,109,110]. Berthier S5 [108]0] <3 d,
473 Kol 4 Pt(111)ell 0.1 Torre] HS2 E8HE ¥ A7 9 S(a)e ¥
Eol 0.599 gtg 74AY 623Kz 28 2eid 0.42 7hA B2,
0.429] B K EFE 7tAE S(a)e Hlmy £ 259 750K 73 ¢
k. olEL 623K SEoA AHHA Eod THHE S(a)E
2
;!

EGAY FA - AANG: Y Aoz HAGg,

3]
wht

2 G AEYE e Ao2 FEIAG. ¥4, a, B-S

=

AU} HZH Be Aoz Hot a, B-S= HGWA4+E 2
& F4del kg
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~560 K ()
750 K

! ¥ s TDS

-

<

pd

o

@ (i)

N F'y

N

&/ - ———

o @)

1 Y Y N T N |
3456 7 8 9 10 11 12 13 14

TEMPERATURE/100 K

Fig. 23. S desorption spectra following H;S exposures of
the sample to (a) 2 L, (b) 3L, (¢) 51L, (d) 7 L,
(e) 9L, (f) 18 L, (g) 24 L, (h) 36 L, and (i) 60 L.
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3.4.2. CO8 FXAH vl S 4%

Fig. 24+ S(a)9 ¥ =27 98 Ed 4 ¢ uptake FHoz B
Bl ZhZ AR COY RAA4E 0 &9 %42 Jebd o],
HSsl =g%F& (a), (b), () A% ZZ 0L, 2L, 3Loli}. =
o4 B S(a)d $E7 FHESE 272449 O uptake ¢
°f Al s, =@ COxEx7ol F¥AS} LASA e}
= ®HAT EojEd. oY WAL S(a)7t A O THL FaA Y
¥ oy e precursor 4Ele CO7t EwWol olFa: AL Wl o
ol 871 ez EAdd. Gdowski®h Madix[51]& S(a)7t &4
terracec]l ¥ % & CO7t stepe & olF3t: AL Waggz TEYH v
A=
Fig. 25& Pt Sl S(a)8 $52 8 Wsdd 2Z74 5L COS
L2l @< COTDS 249t & vebd 2olct. S(a)7t =7 %o
wHetA CO FXFol AL Zaen Yon, HALEE «-C0 AL
S HEEe] 0.55 7hA & 400 Kl A 380 K 7} 37 Fasn(dd9di)),
0.5501 41 0.899] d QoA+ 380 K& YA (dAdii)) = ol49 S
HEoAE 380 Kol Al 350 K 7bA g A &%, Bd B-C09 A $
T SHEES S wd 530 Kl 450 K A& A& 72+ & 3o,
dgi)alAe vlxH S(a)d FE7 A% COY THYAL} AAA
o2 Za&HE Ao Mol S(a): EdWol mEA HAHA Yol A S(a)
of & dFo] Adz vl Aoz HZHG, ow MELE COY
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CO/S/ Pt

CO EXPOSURE/L

Fig. 24. CO sticking coefficient as a function of CO
exposure for three initial conditions: O -
clean surface, ® - 2 L H.S predosed surface,
® - 3 L HsS predodsed surface. S, is the initial
sticking coefficient for clean Pt.
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by,
(a)
5L CO TDS/
E_‘? i) S — covered Pt
z
=)
e —*
o
s
S
8 i) o-c0
o (e)
d %
(9)
21NN
| | ] |
310 400 500 550
TEMPERATURE/K

Fig. 25. 5 L CO desorption spectra from partially S-covered
Pt : the normalized S coverage to the amount of CO
uptake is (a) 0, (b) 0.25, (c) 0.41 (d) 0.55, (e)
0.76, (f) 0.89, (g) 0.94, and (h) 0.99.




43037 474 e Aeg Bol S(a)= 08 & 2o long-rangedd-
9T AL Aoz BYWY. ddii) A S(a)d FEI} Zao
E o«C08l HIALEJ d&A % ALE S(a)e island W4 o=
43¢ ¢ A%, S(a)d $E7 YAF ol4e P9 S(a)s islandE
g48m Fh5E S(a): S(a) islands] 2718 YFAsey &3
B0 Y%, island %o Ewoel FReE CO= S(a)el =7t
2 49 ¢ e, wHA J2LEE YAE de AAG. o
A% S(a) islandel 2717 of AW d¥ o] FHHE OAE g
MAN HALES Y Foz wNHA B (IY iii)). ol H@
S(a)dl % ddoldY &g =4deoz yeud Fig, 263 2o,
&d, S(a)ell Ssod a,p-C08) HNALES ZAHE AL S HAIE
AE AN 299 Pt 442 R HAE Tojwsw AIFHez Pt
#A48 FALES} YoldA Ptold 002 WALA AESEz 9
back-donation 3E7 Z 287 wWEoez Hduyyg & R,

S(a)d) 5ol 48 EWe AL & o A8 L4987 a4
Zzte EWold 08 ¥4WAE €9EV 2 $o. Fig. 279 (a),
(b), (c)& S(a)d A% Fol 27 0.25(491)), 0.76(JHii)), 0.94
(9iii))d EWelN 08 =278 WYaWA A& YA CO DS
2H9EeE ved 2elt, (a) FH& HW EWels o YA
«,B-C0F & 4 A& F4Ho] Bol Yo} Yo, a,p-JALE Y
N7 AMPoz Y LEFoz ARG EwWdde Aol ool
JJ % Ao2 Hol S(a): £ FHH 2 Jyg HAL I <
Rk, HGA GAi)ol e S(a)e Fig. 269 Rédez Euo &8
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Fig. 26. The imaginative features of adsorbed S in region

i), ii), iii),
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(C) Region iii)

(a) Region i)

1 | i 1 1

310 400 500 550 800 850

(b) Region ii)

APco (ARBIT.UNITS)

i i 1 | i i I | | i

310 400 500 550 600 650 310 400 500 550 600 650

TEMPERATURE/K

Fig. 27. The series of CO TDS spectra from three partially
S—covered Pt surfaces. The CO exposure sequence in
each experiment is 0.2, 0.5, 2, and 3 L and the
normalized S coverage to the amount of CO uptake is
(a) 0.25, (b) 0.76, and (c) 0.94.
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H

T F3% 4 Y. FABE JAiDud deded FAFe B I
2 dedA 22 dem o YaE =8P FATA B ye £
EFe o584 U, #dAH dodii)eldE Sa)s dHe] BHH
ol W2 B HAE FE ¥4 BF AYFART o« WAE FE F
HHE Bel 2230 EL ¢ 4 Ak, (0) ISt Sa)d EWF
27 ¢ Eotd A e EWE Sa)h YT e dopUEs
e A¢YeE ¥4 A& Aoz B,

Fig. 282 Pt $lcll 3 Le HSE =244 Edo ST 13 = 3}
£ A2 1992 o FUHez S 2UBE FAGEA QL 009
¢4} a-008 AAE ol normalized e vehz Aok, o
7 A %ol (08 =&FL 5Lk, S(a)e] Sl @t COS 22 %
Fe HEZEA Z243T Yow 0 HaFolE TLHNE FAZ #o
Zaugel 2 gold S gtoz UG, 7299 HSel s =
Y=l S(a)e] HAHEL 0.5524 Fig., 189 (d) 4% 2L e 7
Aw, olt S(a)d island Y4l AH=E o, B A @
S(a)el island §4& HUY & Ao,

S(a)e island §H A AL CO% Se| THEHol ol 4y

32

# Ad. COt Pt(100)[111-113]e]u} Pt(111)[114] 1ol A 3 ¥ & o]
g& HAE islandE H A4t Aol don, SE 2 42 g 7
An AFel[115] EmE Q. wH#dA Z7 island A4S Hete F
THAe] Ede] TESY Z2 FH A HZ RolA islandE A
gAdEdes Ag dAY 4 Ad. oY S island YA HEH 2
Abon 5 [116]9 Pt-Ni(111) ¥ FA ¢ CO FEHAEANNE e,
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Fig. 28. The normalized total amount of CO desorbed (@)
and o peak height (O) as a function of amount
of preadsorbed S.

_67._



=Y Uy $[117]12 Cu(110) 9ol A AES$ MEM(Mirror Electron Micro—
scopy)2 & AHAEYE ZAHo] T Ao 573 KellA] AES 49 S #3A % o]
W OHS 25X 4Bl sigmoid el FHe] Yty A
o] S(a)e] EHZ Ao & S island A#ol 7U¥dn $2aPon,
Ho & [118]& Ni(100) -?10114 CO &l vl Se ol BF 4 Y
A AME S island 22 g A %s A},

3.4.3. NO®J ¥XHA Ao wAE S 4

Fig. 29& Pt $lelA S(a)e] =& HststA 2z 3 L9 NOB
=gAU F €& NOTS 249=2§ ved Ao, S(a)d =7
St we CO9 A9o vANAZ S/ Fo] A Hoezg Fady
HALEE a,B-N0 2% ¥ Fog AG Zasx YA, a-NO9 3
¥, B-NO B o] 42 S(a)el s E F e blockingd=dl o=
a-NOE F & Fddel A S(a)dl st HaFa7] wEe] ot Ys
S(a)el F%el o a-NOS| FHoUAN BFa2Pos Tudo APL
ZolA FHeA Xy ez ddds Ao BFAel A, NOo
B$t «aC08 AL 28 S(a)d $¥E7 F7dodE Hagxs}
LA 99 (Fig. 259 d9ii))e]l detuha & Aeg Hol Hay
2 AgzFdoAe NO9 TDS FHo2BEE S(a)d island YL &
d% $7 Addd.

&, NOsH COgtel whgolA F2eA AFT=EE NOEawgol n
AE S(a)s &S Lot27 s Pt 9ol S(a)s) =5 wWe
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APyo (ARBIT. UNITS)

3 LNOTDS/
S —-covered Pt

p-NO

(a)

(b)
©
{d)
(e)

i | i ] ! I

Fig. 29.

310 400 500 550 600 650
TEMPERATURE/K

3 L NO desorption spectra from partially
S-covered Pt : the normalized S coverage
to the amount of NO uptake is (a) 0, (b)
0.23, (c) 0.42, (d) 0.63, (e) 0.81, and
(f) 0.99.
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A 274 3Le NO§F =447 ¥ 22 N, TDS 29 =3 & Fig. 300
HEt W R, QUSH S m/e e N9t AFS F L 0% EF L
%71 #letel 14N)E Hg3Qqd. 28y 29 Sa)y 27 Z 7}
ol dA N 2232 FE) Z2sn Yo w@A} a3
o S(a)s] 9%8< o Wel 23 A5 ¢ 4+ Ygd. FYLFY S(a)
oA Biete] Nooj 22g ZFaugol NOS A9 (Fig. 22)2g o & A
22 Hol S(a): NO® B Ee dosle FHH $ Yoz §

H%e $2% 4 U,
3.4.4. 0% NOstel Wgol mAE S o @

Fig. 312 S(a)e ¥ =7 77 & Ptold CO u NOg & w7}
1,169 E¥714E 3L =2 ¥ 2 WS Y448 009 TDS 29
EGE U adeld. o S(a)d $EE& Fig. 250142 ol
wa ALK, S(a)d FEF FA% B Coo BHFo A
FEea glen, eRaLEL S(a)d $EJ 0.55 7t A= 450 K=
A 3% && HAG 2 olBe S(a)t EWol AW g
2EFHoZ olF ¥, €08 HA4F ZFL&EEE Fig.320] Udebd ubsh
Zol ¥ S(a) ¥EcAE € &% AU HAE Sa) FEI} 27
Fol w2 FopAn YEd ot S(a)ol ¥ o] uo Yol H
Ed4el S(a)7t d A FANYoz2 ¥ uNE wdY
Aol ket §4 BAYHol SHHo2 g2 v HddHAd A
T 97 dEez #ddg. ¥W, €¥HALEY S(a) FE B E
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NQ/S/ Pt

QMS 14 SIGNAL

1 ] ] i | l
310 400 500 550 600 650

TEMPERATURE/K

Fig. 30. N; TDS spectra after 3 L NO exposure to the
partially S-covered Pt : the normalized S
coverage to the amount of NO uptake is (a) 0
(b) 0.23, (c) 0.42, (d) 0.63, and (e) 0.81.

b
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(a)

A Pc02 (ARBIT. UNITS)

1 1 1 1 1

310 400 500 550 600 650
TEMPERATURE/K

Fig. 31. CO. TDS spectra after 3 L mixed gas(mole
ratio of CO to NO = 1.16) to the partially
S-covered Pt: The normalized S coverage to
the amount of CO uptake is (a) 0, (b) 0.18,
(c) 0.25, (d) 0.41, (e) 0.65, and (f) 0.89,
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NORMALIZED CO, AMOUNTS

NORMALIZED S COVERAGE

Fig. 32. Temperature programed CO: formation rate
as a function of the amount of preadsorbed
S. The mole ratio of CO to NO is 1.16 and
Pt is exposured to 3 L.
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MG S(a)e island ¥4 A4 Z A%z Ao,

Fig. 33& Pt flol A COsk NO7F wgsx le Ao 2x10° Torr
o BSE =UHS Wy we8A F2E AHHezZ yed Aold,
ol EdEE E¥AY CO W NS BuHlE 2.5, EUYYLS 2X
107 Torrol™ A& &=+ (a), (b), (¢)9 A% Z#F 420, 560,
715 Kelth. A8 X HAle] H:Se Eqlell et W3 HYS
A A Fe] AUY dog BolAw, T AEATE 2EAE
BAgel 2718 4ol vl FAEG, €W, S EU& FAS
A% ISP A HEe HAY YojuA . o4 AUAdZHEH O
9 NOSHe HEgol oA Seil % HEL o 700Ke) 2E7x &H
#A LQoAun widAd QAYS ¢ & Ao

CO, NO°} £#& 9 Wgol ulx: So Jgol T8 AP VYA
38 t23 =A% scheme 201 et . Sel g% gL P

£

B2

d A% ARAY 5 AAE E 4 A, FEHez SE B4
Hg blockingso] WS ES F4E was™ HARHeE St LTE
o FRAUAE ZAAAD, ER ol F AN H¢HA G @l o
o NOS| B IS % 0O, HAEE] HAE BA Heh. &, w3
% BAH ensemblity?t S(a)oll 23 33 Hr),

3.5. S& ¥ E3H Pte] A4

3.5.1. 7kl % A4
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Fig. 33. The change of activity for the reaction between
NO and CO after introducing 2 x 10™® Torr H.S at
time zero as a function of time. The mole ratio
of CO/NO is 2.5 and the total pressure in the
system is 2 x 107 Torr. And the temperature of
the sample is (a) 420 K, (b) 560 K, and (c) 715 K.
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o | Geometric effect

Simple site blocking -~ Decrease of the amount

of CO, NO adsorbed

o | Electronic effect (long-ranged)

A
decrease of A
adsorption electron withdrawing
METAL

energy

A : CO, NO
S : Sulfur

o | Geometrie + Electronic effect

The decrease of NO dissociation reaction probability

- The destruction of sites ensemlbe for CO + NO reaction

Scheme 2. The effects of S on CO, NO adsorption and reaction
between two reactants.
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Fig. 34t HSe =& 9t Sz ¢ 55" Pt FojA
SEA 77 90 £ MEdT F HEH 09 FXF HHE Yy
adelg. 7oA CO9 ER/S L 7T Pto] THEHT 0o ¢
Fe 12 o] FdHeoz ALUY. 2 2w o 810 Ko &5
E 7t CO FH %9 Ao A= A= F5o] wata
NESEJ FHSA 32 9% 1300 K2 sdstd A2 TH A
o FX% S W3] HEFY. 810K AV EMALEE Fig., 23414
«,B-S7F 4% F Y& 2EEHA 224 E S(a)d 22 AMALE
S v, wFA 800K o4 LEA EHGE 2B S(a)d
fsto] qkFe] S AAHE & ¢ Uk, % 1100K o4 5=
HdAl FAE COFd% &S BHel: 2L o] 224 COY
THE 2 WHlsEs ME2E TUTERI} HAHAYE FPHes HAZG,
Heegemann % [54]¢] LEED A #®ol ¢33™W Sz E8 3 Pt(111)3 Pt
(100)& 800 K 7+ 2 7hdsted S(a)sl YR E AAY F Aoz Yz
st EAF 2 A (/3 x [3) R30°, C(2x2)¢ LEED & &l & el
W, 1100K oJ 49 &52 7tdstd § W %7 P(2x2)9 LERD
FHE UetdSs ¢ ¢ A, wWHdA 1100KY 2522 7194 YAy
T MEE EUFEE P(2x2)9 LEED ¥ E YelE 7248 $3
3] gdd ¢ A,

€ 4%} Hayek 5(50]9) 49 A Fo] b= S(a): 1300 K o] 4
tdstd EdolN €43 AAsSY, Heegemann $[54]¢] A=

1500 K o] 4 7tdstodef 7|2 & EWHe] Aoz, o2& Xel: ZZ
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Fig. 34. The normalized area of the CO TDS spectra obtained by
5 L. CO exposure at room temperature after heating fully
S-poisoned sample to the corresponding temperature for
90 sec.
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o 49245 A43% 4928 Heegemann £ 9 A= &=
7 9 10K2 A 1500 K 742 258 44 A7=d 120 & ol & A7
o] 22528 o= Q% E e annealing X# W&o Y7 Aoz
HEocd. ¥, Bonzeld Ku[119]& Pt(110)de] &xje = S(a)7} &4
& 450 °Coll 4 annealing® wl E WMol HAse] o]FT UL WHAHS
%. %% A annealing ZWol W& S(a)d s 42 HYE FLGE A
e EridE ¥F2 Y74™g. Fig. 35& Sz 943 =39 pt
T FolA SEAN Z74 30 £ AW ¥ AL 0 A5 HBE
HEbrd Aol Azl 9029 Fig. 349 A9 wma B,
e HEMALE 840 K2 A 30 K4 o =3 1300 K2 7144 3
2 03224 e B2 gg sAY. oY YHE A AAZo]
ol dady S(a)7t REHoz APUAs} B Fhgoja &
B2 Edd Aol et oJFay] WEA YoJur Aez Hld,
¥ w2 A¥He S(a)e 1500K ol B9 LENA sAdstoier E
doly &3gg,

G52 oA vmY 2 LEoM  annealingol o shoda Un
S(a)7h Ed ol N HAolgete 4o vy B 5oy APgo
EE UYHEE HAds7] 9% AEL VAR, Fig. 3500 4]
1300 K¢ annealing 44 & 7171 EWo4d 5LCO =2 % €< Co

flo

TS 2HEJ(FH (a)) o)A EAE 208 Kol A 20 Al 2+ W%
oA €2 COTDS 29 = (F4 (b))g vlxe7 sl Fig. 360l
Zol detdig. FT4H (a)k 480K Wl FHAE A= Zo
W2 BHE Holtd ol S(a)l Sste] Waw: F4Ho ow

Jn
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Fig. 35. The normalized area of the CO TDS spectra
obtained by 5 L CO exposure at 300 K after
heating fully S-poisoned Pt to the given
temperature for 30 min.
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380K

2 l

=

s

=

= 480 K

oo
<

S

p (a)

] ] | ] i
310 400 500 8550 600
TEMPERATURE/K

Fig. 36. CO TDS spectra after 5 L CO exposure from
surfaces of two initial conditions: (a)
the surface annealed by heating schedule
used in Fig. 35 to 1300 K, and (b) the
surface after letting (a) surface to lapse
for 20 hours.
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AR Eol chus A WA ERUS AA4¢, ¢Hel F4 (b)) 3
£+ 380 Kol4d Fo] F& & 73AE 1A= Ao 2 Hol annealingol
deld A EWez $4so RY Sa)h Aol ABWel #3 A
ZHGE Aoz A7, (b)) A9 (a)s ALY O EH ol
2 7Y Be ReE Mok Sa)d EAYAA () AL ()9
Axd © UM Uee ¢ 4 Ao, oUW AAL 298 Kol A
S(a)s] island YA AAE A ¢ 8 FHASE GANAN Wz
$& SEolA annealing#® S(a)9l island’ #AEE A4l &b,
8, (b)) 4% DA ® ¥ 1300 KA A Adsd el e Sa)
A =% AAGG. ot Sa)t WA R A Ha4H WA HA
e AET o e ATAE AAE RAEST.

Fig. 37& 43 sg‘ﬁl%% Pto] 21 annealing € £ & 800 K&
HA $A%T annealingA2g HHHHA 27 1300 Kol 4 S(a)
& AAE F AL COEAE WHE Gy Ao, 0 XL
Zrts Foizl A % AdH AELE 27 1300 Kol LEel 4 60
2 ool S(a)s URE EdA AAR F ALAMH dAHT 7
4 5LCOF ERUHAZ =g% ¥ Q& 0TS 29=9 Wgg AR
¢ EdA A% wamsd FUHez ALed. A 2d
annealing A8 Aol B CO FH%, & 1300 K Aol oo
AAY &+ 2 wimd 3¢ A¢EE AAE S(a)d Fol HH %4
43 e 30 & o4 amealing AZAAE O E459 W)
AS Yojubx $&& % 4 Ao, Fig. 35% Fig. 378 A#H= 3¢
Y LEA AL A%HY ¥ ALIE AAE S(a)d W
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NORMALIZED CO DESORBED
(o)

| ] ] ]

]
0O 10 20 30 40
ANNEALING TIME /min.

Fig. 37. The normalized areas of CO TDS spectra obtained
after 5 L CO exposure as a function of annealing
time of the fully poisoned sample at 800 K. Each
sample annealing is followed by sample heating at
1300 K for 60 sec.
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e ATHE AAE Feoz dan, oHE S(a)d ERF S
S$AE WA AYHSE Hol kv 32 GAAAY AYE ¥ FY
€ $A%GE AL 43L& A,

ol el Ued: L& S(a)d) EWeF WAL Fig.38 ol A
HRsA 4uE 4 Y. 3L HS =& 3o J5d SuEd
dH de COTS2HE=d(b)3 olajd R¥EHex HN5d Eme
790 Kol 4 10# T+ annealing® ¥ 9 FolEUA A& COTDS £2HE
W(c)FE vims 2o, Avdes Fx4Fo Fasn Yow Pas
broad® #u s el § Hel=ul olx annealingsl skl S(a)s
Bt EWolH o]Fse] island Aol 4 diffused Hul2 o se 7
dEo2 478, TH ()FHE F+ FWE Fed4 YA
PG Fo Edold YL COTIS 24 Ede 4HEE, COFA5 ol
Aol Aol st AU HAse K3 ¥ LEF vast dory
£ A% ¢ 4 A, olHY WAL annealingel e FASAY
S(a)®l island¥®i7 A HE R 7lAds%e Aoz 47dd, ol
% S(a)9 island A A¥ S (100)Fel 4 Eoge (1WA o =
etz Qe o AuNFL SAFAE doju gev,
S(a)el FRoUAA S FAE 74T S(a)t Lol A 4A o
o AL S(a)e) Edel ¥ wPezs AFANE AR, &
Hoze o]FS Wt oUNEE vmY Fow S(a)y FxT
+4d0g nAE Aol o U HE WE FEFY A7 Hol
dojdoe Aoz 49Y 4 Ao,

B AR A3 7E&EE[107,117]¢8 AFE F¢3d n2ed
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APco (ARBIT.UNITS)

] ] ] ] L L | ] 1 ] ]
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TEMPERATURE/K

Fig. 38. CO TDS spectra after 5 L CO exposure from various
surfaces : (a) the clean surface, (b) the surface
poisoned by 3 L H:S exposure, (c) the (b) surface
after annealing at 730 K for 10 min, (d) the (c)
surface after annealing at 790 K for 10 min. The
surfaces after letting (d) surface to lapse for
5 min{e), 10 min{f), 20 and 40 min(g).
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dMeol HE S(a)s ASE& scheme 39 EEEZ AT + A, 4
2ol WmH e Pt ALHT AE S(a) YRE WmH gL
2% (700 K ol 4 )¢ ¢ annealingol ¢l8od vy Z& Z¥Y S(a)z
Agen 2 4 AVE Yoldo. %¢ ALY Sa)e d EHo
Mdddes WA SAAN AW, & Feold EHE EAHE
S(a)7} M2 A€oz AMAAN island YU E o] Frhs} EHLE
A 4SS Adol ARGl B dAUA el 3ol islandE WA
49 Aeel HAYn S(a)t EWGA WY AUANE LA s
¥ AW 4] AU o olFHE Aeg wuHG,

3.5.2. Oeste kgl ¥ A4

22 bl o] O FXHEET ZFelAd=E AHdAd Sz 5
53 Sl A¢ Ha¥E 810K 2=24%Fe] ®adr Fischerst
Kelemen[92]¢] Pt(100)o] A1 CO%} NO%t o wkg A gol ¢sd S(a)e] A
A EFo] 0.25 o]Fold WWEHA Y UegUA geoxnz WEH
Ao HESE Astds H4LE 1100Ke 2=45F5e Hask., % 800
Ko &xejA Pt AU G 23] dojvts A4S 23y
[47] 7hdtol & S2 H 5" Foo YL LA dd. By
F o g2 =X S(a)E AMAHZ s 099 Il % A
Ags A4 272 o,

3.5.2.1. 04 ¥4 €4
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Py

_ Weak S binding state| = | Strong S binding
- cooling b—— e
(surface diffusion)

flash to
1300 K

flash to
>1500 K

T T T T T

| Clean surface

Scheme 3, S adlayer behavior according to thermal treatment.
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TS 2d=38 ted Aolrk. 1L ol4s] xgo Ssel 5 e
g9 3as Jdedzn Ren =EFo FA%A dd o JALEE
900 Kol 41 840 K71 A, B HALEE 1190 Kell A 1130 K 74 A ZF & & o).
H35 295 JaLEs o]$HPoE WFe] Hop F WA T ¢
s E 24os O MRS YAz Fadod FHHT YSE ¢ 4
Q. 1320 K SWelA dete Zawe gas dadelt ¢ed
dol %8 07 ghso 47 ez B, & 48 AdE
Ivanov $ (3615 MAABHE Pl Adst & AN Aoh.

3.5.2.2. O:9 EX¥FAAol AL SY ¥

Fig. 402 S(a)el ¥ =7 z7 o & Pt EdelA 27 3 Lo 0.8
2% F 42 0, TS 29z E vetd e, oy B
S(a)el ¥274 F7A%ol W 0o THFE FLAn o JALES
fXE 840KE ¥AY &E MHAE & &+ Ad. 0.9L8 s F2
HoS A& oll 2sto] 0.9 FHe] 3] & L. S(a)8] =%
Mol HJAgel HALES AAG UFY Aoz Hep 09 F¥
duAE S(a)e] EASE FAE AL & & Ad. oA E 442
Pts} O(a)ot el ZAEdgoel g 2z 08 HISFAHEY SEf FoBR
S(a)ol ¢l T2 Hoz2 B4 Hel blocking@dstod 0.8l FH2 W44l
E ogAw AAHY 4% 2A A dfes 48E &+ A,
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APo, (ARBIT. UNITS)

T T I
3456 7 8 9 10 11 12 13 14

TEMPERATURE/100 K

Fig. 39, O; desorption spectra following O: exposures of the
clean sample to (a) 0.2 L, (b) 0.3 L, (c¢) 0.4 L, (d)
1L, (e) 1.5 L, (f) 2L, (g) 2.5L, and (h) 3 L.
For dotted curves (a), (b), (c) the scales are in-
creased by 25 times.
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APo, (ARBIT. UNITS)

Fig. 40. 3 L O; desorption spectra from H:S predosed samples :
the amount of predosed H:;S is (a) 0 L, (b) 0.05 L, (c¢)
0.10 L, (d) 0.14 L, (e) 0.23 L, (f) 0.27 L, (g) 0.45 L,
and (h) 0.9 L.
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Engel® Ert1[120]e] &9 O EWo] WA T3 Ao Exs:
A% Edol F¥se] 47 islandd AL LT ¢ & A, £ AYq
A1¢ CO, NO, 2] E¥#%F# Aol vl So] ol B AFAE F¢4
W S(a)oll ] L e FEE FHAEY FHANURAN} F45

EE 223 S%e AALAHE A 424% o)W ¢ + Ao

3.5.2.3. 0.8 ¥ & So9 wg

Fig. 412 Ptol A H:Se dx=& 3 g Hadd 272 3L0E =
% F 2 HSAH4HEA SO0 TDS 2¥ERE ved Aelg. o
el Al 2 HSe dx=&Fol 0.1Ld AS M SO 44525
Yetuda dlew, HSY HiedFo S8 v} SO 443 o
A et 0.4 LY & Aols SO, YAREo A9 dojrhx o
toh. 630 KllA vetud& SO8 A3 E 560 Kell A 800 K7t =) ¢
SEHSAANA dojut & oligomer Yo S €43 FAL Y= Aoz
B2 . 880 K9 AL o TEA 09 TXEES} st 5,
Ed S F¥}F 27 P(2X2) LEED " vetuyl Azs=[54] A%
Aol Ak, &H, 1260 Kl A velpe S5 5as 1260 K o ¢
ZEQA B34 ez £28 S(a)F MY 2% 9 S(a)st Pts
AREE YA EA8d O(a)7t vixyd & 2P g
g4 P71 Aez B, @4, Fig. 3204 09 F23L 0.9 Lo
HS die&el st S Wdalslyd S0 HALELS 0.4 Lo HS
A go J3dE $73] JAFGdE ZAeg Hol SO Wege 4%
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Fig. 41. SO: desorption spectra after 3 L. O; exposure on the
H:S-predosed samples. The amount of predosed H:.S is
(a) 0.1 L, (b) 0,14 L, (c) 0.18 L, (d) 0.23 L, (e)
0.27 L, and (f) 0.4 L.
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Fig. 42. Steady-state SO: formation rate as a function of
temperature. The pressures of O; and H:S are 1 X 1077,
2 X 10%e) or 5 X 10°%(0) torr respectively.
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Fig. 43. Steady-state SO; formation rate as a function of O
pressure for fixed temp. = 1170 K and Pyg = 5 X 107

torr.
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Hy(g)

H2 S(g) — 2Ha + Sa —— 302(9)
+20@
A

+0@)

0, @

H20<g>

(g) : Gas phase
(a) : Adsorbed phase
S(a), O(a) : Island form

Scheme 4. The model for reaction between H;S and O: on Pt.
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4, 3

4.1. COs%t No®J F % 4 %% 64

1) CO £8x=& ¥ <& COTDS FHANA 400 Kl A vdeve 52
£ Pt(il)del 71d% Aelm, 530 Kl deluE mas Pt
(100)" ol 71 % RHol,

2) B-NOE F& FHHL a-NOE F& T84 o NOY 284S o
W g4l WASRA 5.

3) 300 Kl 4] a—CO= 3¢ BHHoz Wajsbn, a-CO% a-NOZkof
A% e Fgeo,

4) 300 Kol A} B-COx= B-NO® ¥ 22 FPHoz wadho,

5) B-NOE & F¥%de CO% Wesol COLE s Weo 2
T4e Holn, Co 44 LS Nosl £412 43 0(a)sh CO(a)s}

¢ ¥¢ ¢ Langmuir-Hinshelwood W ¢ 7| 7+ & wa Yol

4.2. CO%t NOs$to whg

1) COst NOS| ¢+do] zZ+zt 1xX107" Torr2Z YA E w CO; AL E
£ 560 Kel Al Hule gtg 713,

2) & LE7 560 K, NO®J ¢de] 1X10" TorrZ LAY o, CO
BH4EEE 0 <ol ete] 1.35%10" Torrd HFsted 1%

A -0.3%¢ FAFE D W,
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3) S LEs 560 K, CO] %ol UMY W NOo] <o @& CO,
HAEES] A% SojEdo EAGE THF 28 nad
o] o 4shodok W},

4.3. CO% NOsto wkgoll Wld Se HEAY

oft
wfo

1) 800 K ol#t 9] =4 ©EH&GE St g Ve £ 9
ml A A Raw, 800 K o] Aol @A S dAALued Aoz
gl HHHA dFE vA .

2) S(a)= EWAA island§ YA E A%E 713G,

3) COst NO9| f %ol mlA S(a)d AAHA ¥ long-rangedd
AES ",

4) COst NOst¢ w32 S(a)ell Sjste HgYHeoz AKH,

4.4. SE ¥ 5% Pte A 4Y

1) S& ¢33 55" Pt§ 810K 222 71d& ™ COFF 5 ¥
=7 A o 1300 KE stdsd AR EdoAde 2%
< €43 A5G,

2) S(a)9] ¥d¥+t UYAHLE oA annealingdst®d G AEHE 7
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Lot
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3) H:Sst 02919 SO 44 We2 S(a)sh O(a)d] AYell 3ty AYH

o, 2 F FH islandse AA LA dolvdes Aoz B
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o B AE7X

AES : Auger-Electron Spectroscopy

BAG : Bayard-Alpert type Gauge

EFIS : Electron Energy Loss Spectroscopy

fece : face—centered cubic

IR : Infrared Spectroscopy

LEED : Low Energy Electron Diffraction

IH : Langmuir-Hinshelwood

MEM : Mirror Electron Microscopy

QMS : Quadrupole Mass Spectroscopy

UHV : Ultra-High Vacuum

UPS : Ultra-violet Photoelectron Spectroscopy

XPS : X-ray Photoelectron Spectroscopy

El : site affected by a long—ranged electronic effect
Es : site affected by a short-ranged electron effect
Oco : equilibrium coverage

8° : the fraction of empty surface
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