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Abstract

Mechanistic and kinetic aspects of the catalytic decomposition,@ Nver knitted Pt gauze were studied by transient experiments in
vacuum using the temporal analysis of products (TAP-2) reactor in the temperature range from 573 to 1073 K. At temperatures above 773 K
N>O decomposes resulting in the formation of gas-pleasgen and nitrogen. Gas-phaseygen was shown to inhibit fO decomposition
over the gauze for all temperatures studied. The transient responseohdNwell as products of its decompositiony(Bind Q) were
simultaneously fitted to different kinetic models. Through model discrimination it was shown that molecular oxygen is formed only via
interaction of NO with adsorbed oxygen atoms, originating from the interaction 0 Nvith metallic Pt sites, as it was speculatively
proposed earlier by Riekert and co-workers [Z. Electrochem. 66 (1962) 735; Ben. Bunsen-Ges. Phys. Chem. 67 (1963) 976; Proc. 3rd Intl.
Congr. Catal. 1 (1965) 387]. The formation of molecular oxygen via recombination of two surface oxygen atoms was assumed to be slow
under transient vacuum conditions as comparednbient pressure steady-stabnditions, due to a lower coverage by these oxygen species.

The reaction scheme was supported by results of oxygen-isotopes experiments.
0 2004 Elsevier Inc. All rights reserved.
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1. Introduction to possibly suppressd® formation and hence, to reduce en-
vironmental pollution by NO.

According to previous studies onyR decomposition
over differently structured Pt catalysts (wirfs-10], foils
[5,6], and sponged 1]), Ptis active for NO decomposition.
Two different mechanisms of XD decomposition have been
suggested. Hinshelwood et B] proposed that B0 adsorbs
reversibly on the catalyst surfacgd. (1) followed by irre-
versible decomposition of adsorbed® [Eqg. (2] with the
formation of gas-phase matular nitrogen and an adsorbed
atomic oxygen species. Gas-phase oxygen is then formed
via reversible recombination of the adsorbed oxygen species

Recently the environmental impact op@® has attracted
strong public attention because of its assumed contribution
to global warming and ozone depletion in the upper at-
mosphere. The annual emission oM was estimated to
be 4.7 to 7x 10° tons[1]. The increase of the atmospheric
N2O content in the last century has been attributed to vari-
ous anthropogenic sourcfy. The main sources identified
include adipic acid production, the combustion of fossil fu-
els, and biomass, land cultivation, and nitric acid produc-
tion [3]. In the latter process 2D is formed as by-product

of high-temperature oxidation of ammonia to nitric oxide [Ea. (3).
with air over Pt—Rh alloys, used in the form of gauze packs.
Although the ammonia oxidatipreaction is a highly opti- N20 + 5= N20-5 (1)
mized industrial process, the mechanism of formation and NoO—s— N, + O—s (2)
decomposition of has to be better understood, in order

position of O ! ' 20-s= Oy + 25 3)

T corespond thors. E 493063924454 (VA. Kondratenko) Later, Schmidt’s group[9,10] used this mechanistic
orresponding authors. Fax: + .A. Kondratenko), T . . . .
+49.30 63924454 (M. Baerns). scheme for fitting experimental data obtained in a wide range
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fitted with an accuracy a£15% under the experimental con-
ditions.

An alternative mechanism for D decomposition over
Pt wire [Egs. (4)—(7) has been proposed by Riekert and
co-workerg[6]. This mechanism assumes® decomposi-
tion over Pt atoms forming molecular nitrogen and adsorbed
oxygen speciesHq. (4). The reaction of MO with these

adsorbed oxygen species leads to the formation of molecu-

lar oxygen and nitrogergg. (5).

NoO+s— Np + O-s (4)
N2O + O—s— Np+ Oy + 5, (5)
Oz +s=02-5 (6)
Op—s+s— 20-s (7

The two above reaction mechiams differ in the reaction
pathways for oxygen formation. According to the first mech-
anism Eqgs. (1)—(3), gas-phase oxygen is formed via re-
versible recombination of adsorbed oxygen atoEg. [(3),
while for the second modeE[gs. (4)—(7)the interaction of
gas-phase pD with adsorbed oxygen atom&q. (5) is the
only source of Q formation. However, the latter mechanism
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Before the transient experiments the Pt gauze was pre-
treated at ambient pressure in a flow of oxygen (30 mithin
at 1073 K for 60 min to remove carbon deposits. After this
pretreatment the Pt gauze was exposed to vacuum conditions
(10-8 mbar). For pulse experiments the temperature of the
catalyst was set to a desired value from 1073 to 573 K step-
wise by 100 K, starting from the pretreatment temperature.
For isotopic transient experiments the Pt gauze was pre-
treated by pulsing®0; at the desired reaction temperature
followed by pulsing of nonlabeled oxygen oe@. The to-
tal pulse size was kept below ¥0molecules in order to stay
in the Knudsen-diffusion regime and suppress any gas-phase
reactions. Under such conditions, only interactions between
gas-phase molecules and Pt gauze took place. Transient re-
sponses were recorded by pulsingQyXe/Ne = 1/1/1,
N2O/O2/Ne=1/1/1, NoO/Ne=1/1, and Q/Ne=1/1
mixtures at atomic mass units (AMUS) related tgON(44.0,
30.0, 28.0), reaction products, that 180, (36.0),180160
(34.0) (for isotopic experiments)?0, (32.0), N> (28.0), in-
ert gas Ne (20.0), and Xe (132.0) at the reactor outlet. For
each AMU, pulses were repeated 10 times and averaged to
improve the signal-to-noise ratio.

is based on studies, which have been done in static reactors

using either Pt wires or foils. These results might be compli-

cated by separation between intrinsic chemical kinetics and
transport phenomena. Therefore, in order to derive more de-

tailed mechanistic insights intoJ® decomposition, a tran-
sient technique (TAP reactor) was applied in combination
with an isotopic technique fostudying the decomposition
of N2O over an industrially relevant knitted Pt gauze cata-
lyst.

2. Experimental
2.1. Catalytic material

Knitted gauze made of polycrystalline Pt (Multinit type 4)

wire was supplied by Degussa. Its BET surface area amoun-,

ted to 0.002 rAig~1; for these measurements Kr was used as
adsorbent because of the low surface area.

XPS measurements have shown that the catalyst co
tained some traces of Zn and Pb, which were segregate
on its surface with surface coantration of 1 and 0.3%, re-
spectively. Carbon was, however, the main impurity. It could
be almost completely removed after pretreatment in oxygen
flow.

2.2. Transient experiments

Transient experiments weparried out in the TAP-2 re-
actor system, which has been described elsewl&d 3]
The Pt gauze (0.119 g) was packed (packing densityx4
10° kgm~3) between two layers of quartz particled, =
250-355 pm) in the isothermal zone of the quartz-made mi-
croreactord = 6 mm,L =40 mm).

n('{itting was used as a fixed parameter for further calcula-

2.3. Treatment of TAP data

For the evaluation of mechanistic and kinetic data on
N2O decomposition, the transient responses gONOp,
and N\ were fitted to different kinetic models. The fitting
procedure was based on a numerical solution of partial dif-
ferential equations describing the processes of diffusional
transport, adsorption, as wels desorption of reactants and
the catalytic reaction on theatalyst within the reactor. The
software code used allows a simple implementation of differ-
ent models without any restriction on the number of reaction
stepg14,15]

The diffusional transport through the reactor, which is
guantitatively described in a partial differential equation for
each gas-phase molecyl#4], was characterized through
the quality of fitting of the transient response of Ne to the
model, assuming Knudsen diffusion onlyig. 1). The ef-
fective diffusion coefficient of Ne as estimated from this

ions of the effective diffusion coefficients of other gas-phase
species according t®%" = DEN/Mye/Ma in the further
fitting applying different kinetic models. As a criterion for
the quality of fitting the residual was calculated according

N
to residual= |+ 3" r2, wherer; is the shortest deviation
i=1

between the representative points of experimental and sim-
ulated responses and is the number of these points. The
residual of fit assuming Knudsen diffusion onbig. 1) was
1.62 x 1073, i.e. considerably lower than that for the more
complex kinetic modelsTable 1.

In our modeling procedure, the units of the rate of reac-
tion with gas-phase molecules are mglds 2, while those
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Fig. 1. Comparison between experimental (o) and simulated (—) re-
sponses of Ne at 973 K assuming Knudsen diffusion orﬂ;ﬁfg:

1.08x 1072 m?2 s71y,

of surface species only are mofn s~1. The concentration
of gas phase and surface species are expressed in gﬁol m

and mol n3 3, respectively.

3. Results

3.1. N2O decomposition and the role of oxygen

04

Table 1
Kinetic models used for fitting of experimental data osNdecomposition
over Ptat 973 K

Reaction steps Model number Best residual

k
N2O + s-% Ny + O-s 1 105 x 10~1

k
N2O + O-s-% N2+ 02 +s

k
N2O +s-3 Ny + O-s 2 500 x 10~2

k:
20-s-3 Oy + 25

k
NoO +s-% Ny + O-s 3 409 x 102

ko
20-s=2 07 + 2s
k3
k
NoO +s-% Ny + O-s 4 297 x 1072
k
NpO+ O-s"2 Ny + Oy + s

k3
20-s— Oy +2s

k
N,O +s-% Ny + O-s 5 319 x 1072

k
NpO+ O-s-2 Ny + Oy + s

k3
20-s=2 07+ 2s
kg

k
N2O +s-3 Ny + O-s 6 229 x 1072

N2O + O—sg N2 +O2+s insensitive td3
k3
20-s=0y-s+5
kg
ks
Op—s=05+s
ke

N2O+ 5L Ny +O-s 7 114 x 1072
Transient experiments have shown thatl\decomposi- NoO + 0-s2 No+0p+s
tion starts above 673 K. Nand & were the only observed 02+Sk<1’3 Ops
gas-phase products detected at the reactor outlet. The tem- ks
perature dependences of the molar fractions @ N\, and Op—s+ %8 50g
Oy are shown irFig. 2 (solid symbols). Thermal decompo-
sition of nitrous oxide did not exceed 5% at 1073 K in the N20+S—> N2+0—S 8 150x 102

reactor filled with quartz only as compared to 77% in the N20+O—s—> Np + Op—s

presence of catalyst.

In order to check if gas-phase oxygen influence©N

k3
Oy—s=0s+s
ka

decomposition under vacuum conditions, transient exper- 02_3+5§ 20-s

iments were performed at different temperatures using a
N20/02 = 1/1 mixture diluted by neon. The 4D concen-

tration was ca. 30 vol% in the feed mixture without and ucts (@ and Nb) were simultaneously fitted to 7 different
with added oxygen. The experimental data are presented inkinetic models (sedable 7). These kinetic models were

Fig. 2 (open symbols). The degree ob® decomposition
and the amount of pNformed decrease slightly when oxy-

chosen taking into account literature data ofONdecom-
position over polycrystalline platinum H6,7,10,16] Rh

gen is added to the nitrous oxide. This indicates that oxygenblack[17], and Pd (110) single crystHl8]. The choice was
and NbO compete for the same active sites, hereby oxygen not restricted to the two models, as described in the introduc-
inhibits partly the decomposition ofJD over Pt gauze.

3.2. Kinetic and mechanistic evaluation of NoO

decomposition

In order to derive probable mechanistic insights from
kinetics into the decomposition of J® particularly with

tion in order to provide an unprejudiced data examination.
The models were applied in the order of increasing their
complexity.

The elementary reaction steps implicated in these models
were chosen according to the results of our own and pre-
viously reported experiments. Thus, decomposition gON
via an adsorbed molecular intermediatgN-s [Eq. (2) was

respect to oxygen formation at high temperatures (873—not taken into consideration since according to Avdr9]

1073 K), transient responses of bothand reaction prod-

N2O desorbs completely from a Pt (111) surface at temper-
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35- model 1 describes the maximum of the experimental tran-
1 57':(”\ sient response of oxygen perfectly. Thus, it is suggested that
30j formation of molecular oxygen could take place by interac-
2 254 N.O tion of gdsqrbed oxygen atoms withp® as well as their
~ " o recombination. At low surface coverage by atomic oxygen,
S 201 —&——0—N, formation of molecular oxygen occurs via interaction of ni-
g 15 —A—02 trous oxide with adsorbed oxygen atoms. With an increase
= ! in coverage, recombination of two atomic oxygen species
& 10- P begins to play an important role in oxygen formation, since
§ 5_‘ / this reaction step is of second order with respect to adsorbed
| atomic oxygen.
0- 0_046/6 Models 4 and 5 take the above assumption into account;
T T T T T T Fig. 4gives a comparison of the experimental and simulated
500 600 700 800 900 1000 1100 transient responses of2® and products of its decompo-
T/K sition. Both models describe the experimental data better
than models 1-3, but the description of the oxygen tran-
Fig. 2. Molar fractions of MO, Op, and N on pulsing NO/ sient response was still not satisfactory. This is especially

Xe/Ne=1/1/1 (solid symbols) and pO/Op/Ne=1/1/1 (open symbols)  yalid for its maximum and tailing. The regularity of the ob-
mixtures at different temperatures over Pt gauze. served deviation betweendhexperimental and simulated
data indicates the inadequacy of these models. Besides, these
atures of 90-105 K. No adsorption of nitrous oxide was also models do not describe the transient responses6f, X,
observed over Pt sponge at 52320]. Moreover, ourresults  and N, over the whole temperature range (873-1073 K),
on N2O pulsing at lower temperatures provide no evidence when the data were fitted simultaneously. Therefore, a new
for measurable adsorption obt® on Pt gauze. Based onthe extended model was taken into consideration. This model
above observations no adsorbeglNspecies were included  (No. 6) considers participation of adsorbed molecular oxy-
in all the models. A direct reactive interaction of gas-phase gen species, as previously suggested by Riekert g]ahs
N20 with metallic surface site€g. (4) was assumed as the  an intermediate in oxygen dissociation. Actually, model 6

first reaction step for each model. gives a better fit of the transient responses @®ONN,, and
The experimental and simulated transient responses ofQ, than the above models. The recombination of two ad-
N20, Oz, and N> assuming models 1 to 3 are showririg. 3 sorbed atomic oxygen species, however, had to be rejected,

The models differ in the reaction pathways of oxygen for- since the objective function was insensitive to this parameter.
mation. Although they describe the experimental data for This can be ascribed to the experimental vacuum transient
N2O and N well (Fig. 3), no fully satisfactory description  conditions, at which coverage by adsorbed atomic oxygen
for the transient response of oxygen was achieved. Modelsspecies, formed from O, is low due to the small amounts

2 and 3, which assume formation of gas-phase oxygen viaof N,O pulsed. Therefore, recombination of adsorbed oxy-
recombination of adsorbed oxygen atoms, describe the ex-gen species, which is a reaction of second order, is slow and
perimentally observed £Xailing better than model 1. How- its influence on the shape of the oxygen transient response is
ever, maxima of the simulated oxygen transient responsesnegligible. Thus, model 6 was modified by excluding the re-
are shifted to extended times in comparison to the maximum action step, which describes the recombination of adsorbed
of the experimental curve. In contrast to models 2 and 3, oxygen atoms. The respective modeFig( 5) assumes de-

0.2
00 01 02 03 04 00 05 10 15 20 0.0 0.1 02 03 04
t/s t/s t/s

N,O o experiment O, N,
model 1 N 1.0
@ 124 [ - — - model 2 0151 1t 1
o dd  —-=- model3 : 0.8
8 S 4B 4 g
2 0.8 0.104 06
CRERE ! 0.44 S
; 04_ 005"
2 I
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Fig. 3. Comparison between experimental (0) and simulated (—) response®of®, and N> during NbO decomposition at 973 K. (Fitting based on kinetic
models 1-3.)
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Fig. 4. Comparison between experimental (0) and simulated (—) response®ot®, and N> during Nb,O decomposition at 973 K. (Fitting based on kinetic
models 4 and 5.)
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Fig. 5. Comparison between experimental (0) and simulated (—) response®©o®, and N» during N,O decomposition at 973 K. (Fitting based on kinetic
models 7 and 8.)

composition of NO on reduced metallic sites to molecular lected for simultaneous fitting the transient responses of
nitrogen and adsorbed oxygen atoms, which can also interactN,O and products of its decomposition{nd Q) at all

with N0, yielding gas-phase molecular oxygen and nitro- temperatures (873-1073 K). Activation energies could be
gen. Gas-phase molecular oxygen, in turn, can be reversiblyderived for all the reaction steps according to

adsorbed and dissociate te-© Thus, this model assumes

two elementary steps, which lead to gas-phase oxyger: O _, . ( Ea 1 i)) ()
s— O+ s and MO+ O-s— N> + O, + s. Based on i Pt R\T, Twi))’

kinetic parameters derived from the fitting, the fractional . o
coverage by atomic oxygen species is estimated to be 0.6%\’.\'her‘3Tref.IS a referenge temperature at whicg, were ini-
of the total number of surface Pt atoms. In order to elucidate tially obtained frgm fitting. . .

the way of gas-phase oxygen formation, it was assumed in A good description of thg trqn3|ent da.ta was obtalned for
model 8, that interaction of 30 with O—s leads to the forma- each temperature. The activation energies and react|oq—rate
tion of adsorbed molecular oxygen species. The formation constants at the reference temperature are presentit in

of gas-phase oxygen occurs then only via desorption. ThebleF2 furth firmai acti fth luated
results of fitting the experimental data to the latter model are " orfur ﬁr con wrr;a lonor rfejec |ct)'n ot q{;%va uatedre-
shown inFig. 5. It can be seen, that excluding of the step, action mechanism ot oxygen formation i decompo-

which describes direct formation of gas-phase oxygen via S't'oh over Pt gauze, an isotopic excha'nge technique was
N»O + O—s— Na + O, +s, leads to a shift of the simu- applied. The results are presented and discussed below.
lated curve to the extended times and to worsening of the
description of the oxygen transient response.

Based on the results of model discrimination at the ref-
erence temperature of 973 K, model 7 (Jable 1), which On pulsing N80 over Pt gauze precovered B§O
provides the best description of experimental data, was se-species during the pretreatmentfi®,, the oxygen isotopes

3.3. Transient isotopic experiments
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Table 2
Kinetic parameters of model 7 forJ decomposition over oxygen-pretreated Pt gauze at 873-1073 K
Reaction step ki (T =973K) Ea (k;) kI mol1
k
N0+ s—> Ny + O-s 20 x 108 mZ,; mol~1s71 81
k
N2O + O-s—2 Np+ Oz + 5 95 x 109 m&,;mol~1s1 173
k
02+ 5 —> Op-s 19 x 10° mZ,; mol~1s71 21
k
Op—5—2 Oy +5 12x 10t st 10
k
0-5+ 5—> 20-s 43 x 10° mg;mol~1s1 31
1.0 1 —%s,
> [ Role
= 0.8
c S
9 ~ 8-
£ 0.6- c
5 &
g g
< 0.4 =
S ®
5 5 41
Z 0.2 =
0.0
1 M 1 v T v T v T 0 ¥ v T
0.0 0.1 0.2 0.3 0.4 900 1000 1100
t/s T/IK

Fig. 7. Molar fractions of®0, and 180160 isotopes, formed in H-80

Fig. 6. Normalized transient responses80180 and160,, formed in o )
decomposition at different temperatures over Pt gauze pretreaﬂﬁ'ﬂ@y

N5160 decomposition at 973 K over Pt gauze pretreatedSmp.

-
o
N

observed weré®0, and'®0'80, the former being the main
reaction product. The shapes of the normalized transient re-
sponses 0t%0, and1%0'80 are nearly the same as shown
on Fig. 6. This indicates that both isotopes are formed via
the same reaction pathway. The distribution of oxygen iso-
topes as a function of temperature is showfig. 7. It can

be seen that an increase in the molar fractiof6% formed
from N2O is accompanied by a slight decrease in the molar
fraction of labeled oxygertf0O!0).

For examining the influence of a secondary isotopic ex-
change of oxygen on the interpretation of the interaction of
N,O with 180 pretreated Pt gauz&0, was pulsed over 00 o1 02 03
the catalyst pretreated witfO, in the same manner as in ' otls '
the case of MO decompositiont8080 and®0, were de-
tected at the reactor outlet &etproducts of oxygen isotopic ~ H9: 8 Normalized transient responses'80,, 1°01°0, and!®0, when

. . . O, was pulsed at 973 K over Pt gauze pretreateélaﬁg.
exchange. The main product oxygen isotopic exchange
was180'80. Normalized transient responses®®, pulsed
as well as isotopes formed in the isotopic exchange reac-
tion (1600 and'®0,) are presented iffig. 8. The order  results on NO decomposition over Pt gauze pretreated by
of appearance of these transient responses reflects a subsé®0, (Fig. 7), the molar fractions of both isotopes increase
quent formation ot%0'80 and'®0,. In contrastto the above  with an increase in temperaturfeig. 9).

o
e

o
i

o
e

Normalized intensity
o
+

o
2
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50 - maxima Fig. 6), while transient responses of oxygen iso-
- (I 13055 topes formed during oxygen isotopic exchange are shifted to
/17070 each otherKig. 8). Taking into account the reaction path-
” 40+ I o way for oxygen formation assumed by model 7, the same
=2 — 2 : ) . i
g shape Fig. 6) of transient responses of isotopically labeled
S 30- | oxygen #60'0 and!60,) can be explained only, when the
ks formation of adsorbed oxygen species fromNEq. (11)
£ 20 is fast enough ascertaining no delay in the formatiotPek
8 [Eq. (12) as compared to the formation H00 from ad-
2 sorbed*®0-s speciesHq. (13], which are already present
101 on the surface befored® pulsing:
0 1 | ‘ | N2%0 4+ s— N2 + 180-5 (11)
© 900 1000 1100 N2€0 + 180-s— N, + 160, + 5, (12)
T/K N20 + 80-s— N, + 600 + s (13)
Fig. 9. Molar fractions of®0,, 180160 and80, when60, was pulsed With an increase in temperature the amount'®®—s
at different temperatures over Pt gauze pretreatetf®y. formed via interaction of MO with Pt atoms [Eq. (11)
increases. A further reaction of these species wizd Me-
4. Discussion sults in an increase in the molar fraction of gas-ph&ge
(Fig. 7). The absence of a respective increase of the molar
4.1. Pathways of N2O decomposition fraction of 18080 due to the process describedby. (13)

o _ o is surprising because the amount ¥D-s stored on the
Discrimination among various kinetic models has re- surface after pretreatment is high enough according to the
vealed that the best description of the experimental data isgmount of180-containing products formed in the oxygen
achieved by model 7, which then confirms on the basis of jsotopic exchange reaction. This difference, however, can

more information the model proposed by Riekert ef@].  pe explained assuming that not all oxygen species formed
previously. This modelEgs. (4)(7) suggests the forma-  py 180, pretreatment are able to react with®l It is also
tion of gas-phase oxygen via interaction ofMwith ad-  yery important to note that in comparison to the above oxy-

sorbed atomic oxygen specieBd. (5). The experiments  gen pulse experiments, no measurable amoukt@f was
with isotopically labeled oxygen (see Transient isotopic ex- gphserved on pulsing 2D over Pt gauze, which had been
periments) reveal the differences in the processes, whichpretreated by'80,. This observation indicates that recom-
|196ad to redlitGrlbunon of labeled oxygen in gas-phase when pination of two surface oxygen atoms is not relevant under

Oz and N"°0 were pulsed over Pt covered with labeled oy conditions. Otherwise there would be no differences in
oxygen ¢20). To our point of view these results allow an as- the formation of80, on pulsing'0, or N»160 over the
sessment between the various mechanisms suggested in th@auze, which had been pretreatedB@s.

literature. . _ . The experimentally observed inhibition oh® decom-

For the oxygen isotopic gxchange on different Pt cata- position by gas-phase molecular oxyg&iy( 2) is also con-
lysts [21,22] various mechanisms have been proposed. For sigered in the selected model 7, which predicts an inhibiting
the temperature range from 750 to 800 K and an oxygen effect of oxygen on MO decomposition due to competition
pressure of 13 PR2], conditions comparable with those in  patween gas-phasef and Q for the same adsorption sites
the present study, oxygen isotopic exchange was suggestefeqs. (4) and (6)respectively]. Such an inhibiting effect
to proceed via an adsorpti/desorption mechanism: of oxygen on the decomposition of nitrous oxide has been
180, 4 25— 21805 (9) previpus[h?/ fgo;ngflffqlr ol[isff]erenctJI Pt-contagliTg rrgjateritalsdsuch

as wires[7,9, oils [5], and sponge under steady-
*%0-s+ *%0-s= 00, (10) state conditions. However, undiansient conditions of the

These equations illustrate formation o @ccording to present study, the decrease inQNconversion in the pres-
the Langmuir-Hinshelwood mechanism fos®l decompo- ence of gas-phase oxygen is lower as compared to the previ-
sition [Eq. (3). If these reaction pathways would be valid for ous studies, where at least a twofold decrease in the rate of
N2O decomposition, there ought to be no differences in the N2O decomposition was obsexd at 1273 K when oxygen

order of appearance of oxygen isotopes durin@Nlecom- was added to an D-containing mixture in the proportion

position and oxygen isotopic exchange. However, respectivel:1 [7]. This difference can be explained by the fact that
experimental data presented Figs. 6 and 8differ sig- under transient conditions in vacuum only a part of the ac-
nificantly. Transient responses of oxygen isotop&©120 tive sites is involved in the reaction due to the small amount

and'%0,) formed during NO decomposition over Pt gauze of molecules pulsed. In our study this amount was approxi-
pretreated with80, have the same shape and position of mately 3x 1014 molecules per pulse. Under such conditions,
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at which the number of molecules pulsed is lower than the best description of experimental data was achieved assuming
number of active sites¥ 2 x 10*® Pt atoms) the inhibiting  the formation of gas-phase molecular oxygen mainly due to
effect of gas-phase oxygen should be lower than at ambientinteraction of adsorbed oxygen species with gas-pha&e N

pressure. Adsorbed oxygen species are formed via interaction of gas-
phase NO with Pt metallic sites as well as by dissociative

4.2. Activation energies of the N2O decomposition oxygen adsorption via a molecular precursor. The rate of re-

pathways combination of two adsorbed oxygen atoms was assumed to

be slow under the transient conditions. The inhibiting effect
The aCt?Vation energies forj@ d-ecomp.OSition Ove.r re- of gas_phase molecular oxygen Ogmdecomposition, ob-
duced Pt sitest{g. (9) as well as for interaction of pO with served in the present study, was explained in the frame of
adsorbed oxygen atomg¢. (10] were found to be 81 and  the evaluated mechanistic scheme by competition between

173 kq motl, respectively Tgble 2. Appgre'nt activation gas-phase pD and Q for the same active sites.

energies for NO decomposition reported in literature for Pt

wires [4,9,10] are in the range from 136 to 151 kJ mél

However, a direct comparison is not possible because the

literature values were calculated assuming a rate-limiting re-

action step (recombination of two adsorbed oxygen species . i

formed from NO). For this assumption the observed activa- V- Kondratenko thanks ACA (Institute for Applied Chem-

tion energies are a result of the “averaged” contribution of iStry Berlin-Adlershof) for a fellowship during her PhD

various elementary reaction steps. work. Financial support by Deutsche Forschungsgemein-
For comparison of activation energies of oxygen inter- schaft within the frame of the priority program “Bridging the

action with Pt gauze derived in this study, literature data, 9ap between real and idealssgms in heterogeneous cataly-

which were obtained under sitar experimental conditions, ~ Sis” SPP 1091 has also been greatly appreciated. Assistance

are taken into consideration. Since no high coverage by of Fonds der Chemische Industrie is also recognized.

adsorbed oxygen species exists under transient conditions
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