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a9t Ye Este] ZArshadch F45E NOF o 70%%E LaCoO; Ee] Co** ol EAHPZ Fataolom,
yolAlE Aol el astel £ complex® WATITE Cottol ¥AYUE FHY NOL 2 A7t
150K 4 Hf SASEE wom, v AE Falslel N, % NOF 44sheieh 4839 CO7l $¥a=:
NOS| 331 9 2Rl 2 33HE )27 23 %, F539 0-COE Co' o ¥AYUZ F2% NOS} -3-3h]
a-COZ B30 24 NOS| #3§ 241552, NO2| dimert} chelate® §2-89) 428 o) 43t FH21
B-COE B-COE HAale Fago s Nool 44¢ Fasholet

Abstract—NO decomposition and NO reduction by CO on LaCoO; perovskite catalyst have been studied
using the technique of thermal desorption spectrometry(TDS) under ultrahigh vacuum(UHV) condition at
the adsorption temperature of 300 K. About 70% of NO adsorbed molecularly on Co®* ion, and the others
adsorbed dissociatively on oxygen vacancy and formed various surface complexes. A part of NO adsorbed
on Co®* showed maximum desorption rate at 450 K, and the others decomposed to form Nz or N:O. Pre-
adsorbed CO gave little effect on NO dissociation, but in the case of pre-adsorption of NO, the post-dosed
CO promoted both the dissociation of NO and the formation of Ny. The post-dosed a-CO reacted with NO
adsorbed on Co®* and desorbed as a-CO, resulting in the enhancement of NO dissociation. And the post-
dosed B-CO, which adsorbed on the oxygen of the complex, also promoted the formation of N; by desorbing
as B-CO..
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Fig. 1. X-ray diffraction pattern of LaCoQ; perovskite.
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Fig. 2. (a) The tantalum boat neld on feed-thru.
(b) Cross-section of tantalum boat.
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Fig. 3. Therma: desorption spectra of NO after exposures
of (@) 1L, (b)3L,(c)6L,(d)IS5L, (¢) 30L, and
) 60 L.
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Fig. 4. Thermal desorption spectra of NO, N, N,O, and

O, after exposing NO of 180 L.
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Fig. 5. (A) Thermal desorption spectra of N; after expo-
sures of (a) 960 L and (b) 1920 L.
(B) Thermal desorption spectra of N,O after expo-
sures of (a) 40 L, (b) 80L, (c) 1601, (d) 320L,
(e) 480 L, (f) 720 L, and (g) 960 L.
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Fig. 6. Thermal desorption spectra of N, after exposing
NO of (a) 20L, (b) 60L, (c) 180L, (d) 300L,
(e) 600 L, (N 1200 L, (g) 2700 L, and (h) 3600 L.
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Fig. 7. Thermal desorption spectra of N;O after exposing
NO of (a) 30L, (b) 60L, (c) 180L, (d) 300L,
(e) 330L, (f) 420 L, (g) 600 L, and (h) 720 L.
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Fig. 8. Thermal desorption spectra of NO after exposing
NO of 90L on (a) 0L, (b) 30L, {c) 90L, and
(d) 180 L CO-covered surface.
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2Co-0%> 2Cox+ 0:(g) * [at 470 K] (6)

Cox : Oxygen vacancy
N(a) : Adsorbed nitrogen atom with some mobility
Co-NO---ON-Co : Dimer or chelate complex of NO
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CO9J dFateke] Z7ighel wa} 600 Kell 4] NO2| &
2 2 AT Jepdeon 44 Frlskdvh

o M e

=S M9 MS5S 19914 109

- ol@F - o] 59

B A AT7E ulel] 9Jabm CO%E LaCoO; Aol
3 e 5 7HA FAAEE 2=t 0-COE Co*t
o] el n-back bonding® 2 F32}slo] 440 Kol 4] wtat

0
g
0
it / \
? (') ? [M:Co® or La**]
Co M M
(a-CO) (p-CO)

HA2E F3, F /)9 AAAALE o] 83} bridged o
2 Fste B-COx 640KdA H3uz8 2, o
F& B-COZ Fa9ri12]. LaCo0so] Fwdol| Fabat
27t EAF A, 0-COE o5 Faabas} ubsale
a-CO 5 A3l o] a-COye 450 Ko 4] e2kg)c},
=, B-COx FA 4kl o3 Atslslo] B-CO,E A
3 ¥ 570Kell M gagich o-CO0Y Hu gatsr s
Hols %7} nitrosyl Hel® F3g NO9 Hu <
AEEE Fv =i 0K A= $e e Hol
nitrosyl Fel 2 FAsh= NO7} a-COR} LaCoQ; %
well of7t sl AEe & 5 glok

COZ dEA= ] 9+ LaCoO; ¥HL NOd =&
A7) Bk A4 7] Abell CO signal(m/e=28 3 12)
°] Frletgdd, o)A AdEFAHY e COr7l £5
2= NOo 9sle] xg=E7 9SS Jehdiel =
kel 4] #A1RF NO9) o3z 7}2) F24lel% nitrosyl
HelZ F33hs NOY F33 o] 0-CO9l Fa35 5
dste, =3 NO9 F32e] CO9 Fa=uc oz}
73et7) miel ol#id AFE Role Ao Azigir)
o] AL ZRE] YellA FFYE Cot g FHAPoR sh=
NO¢ F3ye)7} oA elggte & 5 9ok &
¥35E NO= dFaso gl COF a-COZ Yol
Wz 2 Aol §337) ool AFAE COol o
FAgle] NO9| ©ateke s}

9, AF29 Coo gi¥-%2 B-COZ #4357 o
Foll LaCoOs Ew9] Ha4kar} -CO9) Fao
o] &=ng FEAEE NO7 A4AE o AzPArA9}
uh-g-3lo] 3 Ad3}t= dimert}t chelate coiaplex®] ¢fo]
A gt 5 Qo] Azbatrol bridged 0.2 &35 o)
U= B-COE Abzhub-go] B g AL YAES ojn] J&
Aol 22 NO2}t wb-g-3lx] F3lw, =gk NOS &3
2 Gato] ofu] B 640Kel A RASILZ NOS ¥
sol Ha3 F2HL AZTY 55 gt whbA,
CO9 diy--& A3t gle B-CO= NO F-3)o
& 9L FX Xse 9, dimery} chelate com-
plex?] #Aduix] Agstezy Axpxog N, 9 N,02
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Fig. 9. Thermal desorption spectra of NO after exposing
CO of (a) OL, (b) 60 L, (c) 120 L, and (d) 360 L
on the 180 L NO-covered surface.

AAg AAsA Aot F, FE52E NO= A5 o
COv} B-CO2 F&& ubx o, do} s AnAd
g ol g3l AAH o EfFoan N, 2 N,OE
AAAY Ao diatEd, meby AF3aE COe NO9|
Fau Sdubgel & S v)Hx g leE B
Qi

Fig. 8ol 4] CO2] A1&-3eko) 7ol w2} 600 KE
FAo 2 sk NOY M2 D3ty =as) vebston 33
Z7klgded, o)7L £EF2Ee NOF 4% Fe§%
Hol gl A4y} B-CO9t wH-gste] EW com-
plex® 3A43chr} p-CO7L 2akar F Azpabae} vt
%3l JAEE NOZ A"t & o7& NO9 &+
2 AR Aadare EHolFo] B-CO o8 8
sty 9182 Yehlle A#EA o] wlid N, % N,O
o] Aol o= Ax ztrE Ao oA} o]zF
NO2) A 28 =t 3+ -5l 4 B Fig 99} Fig. 10
A= AL Jepta ok

Fig. 9= 180L9 NOE AFzAzl & FHAEHE
CO2] %% 0 Lol 4] 360 L7t=) W 5}A) 7] A <1 NOSJ
g2 T Eo)r). Fig. 8¢ Aok g £§ 3w CO2J
ofo] Z7}gtell e} NO9| gateol =7 A4S &
4 olrkh FFAEE COell 9ste] AdFasl NO7L A
5 AL A § ggenz, FF3EE COd
o]3ted NO2] Dzteko] zhadle 22 NO7F COs} ub

28

A wx
\

i
700 800 900

28, 30, 44 amu signal

! 1
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Fig. 10. Thermal desorption spectra of NO, N;, and CO,
after exposing CO of 90 L on the 90 L NO-cov-
ered surface.

S8 COell 23le] NO9| ®3l7t 2219& 2ov)3t
. &, A8 wjejsls Co’t FAHA EFFHEE o
CO+ 5519 nitrosyl elZ F23F NOS ub-g-sled
a-COE AAetx, o) o AAsE «-COxe w5 &
ordsled 450 Kol shatgho 2 4[12], NO2| F&jel
I3 u FAAL o AT o ok el CoH
F&3tepo] Zulgtell whet &alE= NO9 ofe] F7h
ste2 NO9| &ateke 7kastA drh

g3, LaCo0,9] Ewel) AF3E NO9| 30%+ Al:
A% @ AAAALE o]-&8le] dimertt chelate com-
plex§ ¥Adh=dl, ¢i7]o] FF2ts]= COF LaCoO;,
FHe Azlabrdd FiEE p-CO= AR} com-
plex9] Ak2E PEslA] £ Ro2 F5Hc) ubels,
NO7} AF#= LaCo0;9) Ede] COE FFEA17
A% B-CO29 o532 complex?] Abaol F3tsl 2o
2 Holy, o]2§t B-CO7} complex?] AbA2} wh-g-3}o
B-CO,Z At3l® o) wel complex?] £ oFite] =A
gepx]2]e} o4sich

Co-NO+ Co-CO - Co-N+Co-CO, — N(a)

+a-CO,(g) 1 Lat 450 K] D
0]
n
C
Co-NO--ON-Co+CO(g) — Co-NO---ON-Co —
B-CO.(g) * +Nx(g) t [at 570K] (8
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Fig. 102 90 L&} NOE A& 2712 22 ok} COE
FEAAA F A& NO, N, % CO,9) =3 F4oc}
Fig. 4] ®]3le] NO<| &ato] 7hAgh wba N,9| whzto]
A Frtetda, CO.¢ g3 s vi$ 34 Yepd g &
T Qleh 93714 0,9 =ate FaA=ER Yot Noe
450 Ko} 570 Kol 4] &Hatsl=22 8 F=4d), 3] 570 K9]
shatgko] zA| Frlsbqich

d7]4 N.o| &ate CO.9 YAzt A@x|o s}
ojo} &}, 450 Kol A &atsh= N,o| ok-e Fig 4ol 4
bR NOo Faflofl ofstod A== Nooll wlste] 2
gatefo] Abds] Friskded], o171 Co*teoll F3H3t
a-CO7} 2-& F23 o F2g NO<} kg3l a-CO &
Ao 2 NOo #3i7t Falslgl7] wjie]t) 450
Kol x19] 44 amu 527} 24 vehd A& ul2 o))t
a-CO.8 &zte g Qg Aolrh &4, 570K N, 2
ztake Fig. ) v]3le] v-¢ 2 Zo)slgad), ol AL
FEF4sE B-CO7 complex?] #YS £¢ Aoz B
olof gheh. ZF, NO2 Fato g A= complexrt =
AHog Faleg AS N, 2 N;OE A sked], com-
plexe]l F2H& B-CO7E Abstgdel wle} N0 AAe]
AA = 5L, 28HE N8l 4Ado] 7k Zelrh 570 Kol
A B-CO,2l &Hato] 24 Yehle zlo2 He} g-CO7}
complex?] A4 g ol-4-3te] A 4stgE o4 Uck

4.4 £

1-2X107® Torr2] T A-FAlll 4l perovskited AbstE
9l LaCoOsell wiste] NO =3 43 3 NO<} CO2)
FTEA AP S FYPFozH O e HEES IS
g Uik

(1) ¥ NOF < 70%+ LaCoO; Ede] Co**
of ¥AA 2 Fatslgon, Umale A gl £
& F-2tste] T complexE FAstgdch Co’toll £2}
A 2§34 NOE L U¥7) 450 Kol A = 23t
£25 Hon, YAl FalEe N, 3 NOE A
A shelt.

(2) NO&| el o3l AAHE Noi= F 714 &
A 35 Bled], 450 Ko ©its]ae NOY &7t
45 GA L 600 KE FALE 3l 21 e g3e
complex®] ¥&7} &<l whgrlF2 A EHch

(3) NO9| #ajl ¢jslo] A= NOE 94 F
74A 2325 2y, 430K A wiatgag v
o] a-N,O= NO9| sz A9 AadR7} Co’t el
A 2 F23 NOH Ajtste] YA Zeo|y, B
Heoll FA€ complex?] F#HEVE YAH B-N,O=

sfstast H29A MisSE 19914 109

570 Kol x 23 aE ¥t

(4) AF29 CO7L £F 2= NO2 £all 3 o
2 A& oA A B ug, £2539 o-COx Co' ol
EAAHE F33 NOS whe-5le] o-COZ 233t
24 NO¢ #31% #3819, NO9 dimertt che-
lated {229 A4E )43l FF3H B-COE B-
COE AAste] Hagozn N9 4A4E 23389
o}

7z M

£ AFE YA ABATH| osje} 5
99 Asch AFE AUst] & Al PAE
=gy},
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