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A New Tool for Analyses of Transient Reactions on Catalytic Surfaces

in Milliseconds Range

Tomoyoshi Motohiro, Yoshimi Kizaki, Yoshiyuki Sakamoto, Shoji Noda
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Abstract

Possible future developments of new automobile
catalysts undoubtedly utilize transient phenomena at
the change of gas composition under the cooperative
functions of the catalytic components such as noble
metal particles, supports and third additives including
'migration’ of adsorbed species and their temporal
'storage’. To explore highly cooperative heterogeneous
arrangements of the catalytic components, a new tool
to detect transient products from artificially designed
small area samples in the millisecond range was
developed, which is more robust and tolerant for
dynamic changes of vacuum conditions than the
conventional UHV surface science tools. The tool
employs four pulsed valves to supply a planar sample

ooooo

surface with sub-millisecond gas pulses of different
species at different timings and a time of flight mass
spectrometer which detects simultaneously all the
species formed by the surface reaction. It also has a
sample preparation chamber in which thin films such
as Pt or CeO, can be deposited on the samples and the
samples can be transmitted to the main reaction
chamber without breaking the vacuum. To display the
performance of the tool, some initial results of CO+0O,,
NO+H, and C;Hg+0, reactions on the conventional
but planar Al,O, catalysts impregnated with Pt or on
thin Pt films are presented.
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Fig. 2  Schematic cross section of the core part of the
newly developed system. Only one of four
pulsed valvesisillustrated. A time-of-flight
mass spectrometer with 1m long flight tube is
perpendicularly inserted from the readers side
inthisfigure. The sample preparation
chamber with two sputtering sources are
located behind the reaction chamber. The
specially designed mini gate valve keeps the
analysis chamber in UHV while the reaction

chamber is open to the air.
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Fig. 3  Bird's-eyeview displays of transient change of time-of-flight mass spectrain
simultaneous pulsings of CO and O, at (a)room temperature and (b)539K onto a
50mmx 50mm planar Al,O; catalyst impregnated with Pt and CeO,. (c) Transient
CO, production profiles at different temperatures.
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Fig. 4 Transient CO, production from a sputter
deposited Pt thin film on afused silica
substrate at 673K triggered by sequentia
injection of CO pulse and O, pulse whose
timings are indicated by arrows. One sample
sustaining as-deposited Pt surface without air
exposure showed high catalytic activity, while
the other suffered from 5 min air exposure
showed no catalytic activity.
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Comparison of transient CO, production from
a sputter deposited 5nm thick Pt thin film on a
fused silica substrate and a sputter deposited
5nm thick Pt thin film on a 25nm thick CeO,
thin film sputter deposited on afused silica
substrate at 673K, showing the effect of
oxygen storage in CeO,. CO pulseand O,
pulse was sequentially injected at [0 10ms
interval and 0 20ms interval as indicated by
arrows.
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Transient N, and H,O production from a50 x 50 mm planar Al,O; catalyst(533K) impregnated

with Pt and Batriggered by sequential injections of (a)H, pulse and NO pulse, and (b) NO pulse
and H, pulse asindicated by arrows. (d) and (e) are the results under the constant leak of O,
corresponding to (a) and (b), respectively. The N, formation synchronized with NO pulsein (b)
indicates direct reduction of NO on clean Pt surface which isinhibited by O, leak in (). (c) and
() displays the transient N, and H,O production from the same sample as (a)(b)(d)(e) at 573K
triggered by sequential injections of O, pulse, NO pulse and H, pulse as indicated by arrows.
Theincrease in NO pulse intensity caused the increase in the second broad peak of N, in (c) and
H,0 peak in (f) but the first sharp peak of N, in (¢) remained unchanged.
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Transient production of (a) species
corresponding to m/e = 44 (CO,, (CH,),0,
CH4CHO, ...etc.) and (b) H,O from a 50 x

50 mm planar Al,O; catalyst(573K) deposited
with 5nm thick Pt film triggered by sequentia
injections of O, pulse and C;Hg pulse at
different intervals asindicated by arrows.
With increase in the interval's, the sharp peak
A and B synchronized with C;Hg pulse
increased proportionaly, indicating CO, and
H,O production by complete oxidation. The
broad peak C increased with decreasein the
interval between O, pulse and C;Hg pulse was
not accompanied by any H,O production,
indicationg partially oxidized products.



gbogoooooo,fonpo2ublnognog
NOOOodoOol1ogoobozooooobooon
gooNobbOoooobboooouobboooo
goboboooboobooobboboooooboon
gooodubbnoutriggoononboooon
goooNoooooooooooooo,gud
oD imsOooonoooboboogooo
glrspooouobooobobooobooNogonon
gobouogoobooboboobboobboon
gogbooboooobboooooobogo
ooobooobobooobobbooooboboo
goobooobobooobbboooboboo
gobobooobbooobbobooooboboon
goo

gooogn

goooboooobobboooobobbogoo
gogobobooooboboooboboboooboboo
ggbobooobbooobbbooobboo
gogobooobobooobobboooboboo
gooooooboobbboooooogooooon
goboboooobobooobobboooboboo
gogboobooooboboooobboooboboo
gobooboooooooo

gooboboooobobboooobobbooo
gooooooooboboboooooogoooon
ggbobooobbooobbbooobboo
gobobooobobboooobboooboboo
ggbooooobboooooboboooboboo
gooboooobboooobboooboboo
goboboooboboooobboooboboo
gogboboooobbooooobbooobboo
goobooooboooobboooboboo
gobooboooboboooobboooboboo
gobooooobooag

ooo

gobobobooooboboooobobogo
gooboooobboooobboooboboo
gogboobooobboooobbooobboo
goobbooooobobbooooooooNo
gobobooobobboooobboooboboo
googoNo,ORO00D00ODODbODbOOOo0ggoo

39

0000000000000 00D0000 20
000000000 000000D0000000
O00D00000Doooooooooooood
OO0@)DOODODOODODOdOdAtom Scienceld
LeCroyJepan0 0 00000000 O0ODOOODOO

googoogoo

1) Takahashi, N., Shinjoh, H., lijima, T., Suzuki, T.,
Yamazaki, K., Yokota, K., Suzuki, H., Miyoshi, N.,
Matsumoto, S., Tanizawa, T., Tanaka, T., Tateishi, S. and
Kasahara, K. : Catal. Today, 27(1996), 63

2)  Somorjai, G. A. : "Introduction to Surface Chemistry and
Catalysis", (1994), 463

3 00O :0000,17-4(1998), 188

4)  Ertl, G.: Surf. Sci., 287/288(1993), 1

5)  Zuburtikudis, I. and Saltsbulg, H. : Science, 258(1992),
1338

6) Katoh, A. : the 11th Surf. Sci. Seminar Text, (1991,26-
28/6,) Surf. Sci. Soc. Jpn., Tokyo

7) Karahashi, K., Matsuo, J. and Hijiya, S. : Appl. Surf. Sci.,
60/61(1992), 126

8) Nakamura, K. G. and Kitajima, M. : Appl. Phys. Lett.,
65(1994), 2445

9) Gleaves, J. T., Ebner, J. R. and Kuechler, T. C. : Catal.
Rev.-Sci. Eng., 30(1988), 49

10) 0000 :0000,38-2(1990), 43

11) 0000,0000 :0000,39-3(1990), 187

googoooo

000000 Tomoyoshi Motohiro
00019530 0
goooooooon
goodddoooooooooo
goodddoooooooooooboo
odoooooMRsO OO
goooo

000000 Yoshimi Kizaki
00019520 0O
goooooooooa
gooooooooooooo
Jodoboooooboooooooon

ogooooooo
ooooao

0000000 R&DODODDOOVol. 33 No.3 (1998.9)



40

000000 Yoshiyuki Sakamoto
000196500
ooooooooooo
oooooOoQoQoooopoopooooo

oo0oooooooooo

00000 O shoji Noda
000194300
gooLeoO
gboooooobooboo
gbooboooooooboboobooon
gboboooooobobonb
goooogMRSOOO
1989050 OO OoOooOooan
gooobooo
gpoooo

0000000 R&DODODDOO Vol. 33 No.3 (1998.9)



