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Abstract

Mechanistic and kinetic aspects of the catalytic decomposition of N2O over knitted Pt gauze were studied by transient experimen
vacuum using the temporal analysis of products (TAP-2) reactor in the temperature range from 573 to 1073 K. At temperatures ab
N2O decomposes resulting in the formation of gas-phaseoxygen and nitrogen. Gas-phaseoxygen was shown to inhibit N2O decomposition
over the gauze for all temperatures studied. The transient responses of N2O as well as products of its decomposition (N2 and O2) were
simultaneously fitted to different kinetic models. Through model discrimination it was shown that molecular oxygen is formed o
interaction of N2O with adsorbed oxygen atoms, originating from the interaction of N2O with metallic Pt sites, as it was speculative
proposed earlier by Riekert and co-workers [Z. Electrochem. 66 (1962) 735; Ben. Bunsen-Ges. Phys. Chem. 67 (1963) 976; Pro
Congr. Catal. 1 (1965) 387]. The formation of molecular oxygen via recombination of two surface oxygen atoms was assumed t
under transient vacuum conditions as compared toambient pressure steady-state conditions, due to a lower coverage by these oxygen spe
The reaction scheme was supported by results of oxygen-isotopes experiments.
 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Recently the environmental impact of N2O has attracted
strong public attention because of its assumed contribu
to global warming and ozone depletion in the upper
mosphere. The annual emission of N2O was estimated to
be 4.7 to 7× 106 tons[1]. The increase of the atmosphe
N2O content in the last century has been attributed to v
ous anthropogenic sources[2]. The main sources identifie
include adipic acid production, the combustion of fossil
els, and biomass, land cultivation, and nitric acid prod
tion [3]. In the latter process N2O is formed as by-produc
of high-temperature oxidation of ammonia to nitric oxi
with air over Pt–Rh alloys, used in the form of gauze pac
Although the ammonia oxidation reaction is a highly opti
mized industrial process, the mechanism of formation
decomposition of N2O has to be better understood, in ord
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to possibly suppress N2O formation and hence, to reduce e
vironmental pollution by N2O.

According to previous studies on N2O decomposition
over differently structured Pt catalysts (wires[4–10], foils
[5,6], and sponges[11]), Pt is active for N2O decomposition
Two different mechanisms of N2O decomposition have bee
suggested. Hinshelwood et al.[4] proposed that N2O adsorbs
reversibly on the catalyst surface [Eq. (1)] followed by irre-
versible decomposition of adsorbed N2O [Eq. (2)] with the
formation of gas-phase molecular nitrogen and an adsorb
atomic oxygen species. Gas-phase oxygen is then for
via reversible recombination of the adsorbed oxygen spe
[Eq. (3)].

(1)N2O+ s� N2O–s,

(2)N2O–s→ N2 + O–s,

(3)2O–s� O2 + 2s.

Later, Schmidt’s group[9,10] used this mechanisti
scheme for fitting experimental data obtained in a wide ra
of pressures and temperaturesunder steady-state condition
It was shown that the rate of N2O decomposition could b
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fitted with an accuracy of±15% under the experimental co
ditions.

An alternative mechanism for N2O decomposition ove
Pt wire [Eqs. (4)–(7)] has been proposed by Riekert a
co-workers[6]. This mechanism assumes N2O decomposi-
tion over Pt atoms forming molecular nitrogen and adsor
oxygen species [Eq. (4)]. The reaction of N2O with these
adsorbed oxygen species leads to the formation of mol
lar oxygen and nitrogen [Eq. (5)].

(4)N2O+ s→ N2 + O–s,

(5)N2O+ O–s→ N2 + O2 + s,

(6)O2 + s� O2–s,

(7)O2–s+ s→ 2O–s.

The two above reaction mechanisms differ in the reaction
pathways for oxygen formation. According to the first me
anism [Eqs. (1)–(3)], gas-phase oxygen is formed via r
versible recombination of adsorbed oxygen atoms [Eq. (3)],
while for the second model [Eqs. (4)–(7)] the interaction of
gas-phase N2O with adsorbed oxygen atoms [Eq. (5)] is the
only source of O2 formation. However, the latter mechanis
is based on studies, which have been done in static rea
using either Pt wires or foils. These results might be com
cated by separation between intrinsic chemical kinetics
transport phenomena. Therefore, in order to derive more
tailed mechanistic insights into N2O decomposition, a tran
sient technique (TAP reactor) was applied in combina
with an isotopic technique for studying the decompositio
of N2O over an industrially relevant knitted Pt gauze ca
lyst.

2. Experimental

2.1. Catalytic material

Knitted gauze made of polycrystalline Pt (Multinit type
wire was supplied by Degussa. Its BET surface area am
ted to 0.002 m2 g−1; for these measurements Kr was used
adsorbent because of the low surface area.

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

2.2. Transient experiments

Transient experiments werecarried out in the TAP-2 re
actor system, which has been described elsewhere[12,13].
The Pt gauze (0.119 g) was packed (packing density 4.2 ×
103 kg m−3) between two layers of quartz particles (dp =
250–355 µm) in the isothermal zone of the quartz-made
croreactor (d = 6 mm,L = 40 mm).
-

s

-

-

Before the transient experiments the Pt gauze was
treated at ambient pressure in a flow of oxygen (30 ml min−1)
at 1073 K for 60 min to remove carbon deposits. After t
pretreatment the Pt gauze was exposed to vacuum cond
(10−8 mbar). For pulse experiments the temperature of
catalyst was set to a desired value from 1073 to 573 K s
wise by 100 K, starting from the pretreatment temperat
For isotopic transient experiments the Pt gauze was
treated by pulsing18O2 at the desired reaction temperatu
followed by pulsing of nonlabeled oxygen or N2O. The to-
tal pulse size was kept below 1015 molecules in order to sta
in the Knudsen-diffusion regime and suppress any gas-p
reactions. Under such conditions, only interactions betw
gas-phase molecules and Pt gauze took place. Transie
sponses were recorded by pulsing N2O/Xe/Ne = 1/1/1,
N2O/O2/Ne = 1/1/1, N2O/Ne = 1/1, and O2/Ne = 1/1
mixtures at atomic mass units (AMUs) related to N2O (44.0,
30.0, 28.0), reaction products, that is,18O2 (36.0),18O16O
(34.0) (for isotopic experiments),16O2 (32.0), N2 (28.0), in-
ert gas Ne (20.0), and Xe (132.0) at the reactor outlet.
each AMU, pulses were repeated 10 times and averag
improve the signal-to-noise ratio.

2.3. Treatment of TAP data

For the evaluation of mechanistic and kinetic data
N2O decomposition, the transient responses of N2O, O2,
and N2 were fitted to different kinetic models. The fittin
procedure was based on a numerical solution of partial
ferential equations describing the processes of diffusi
transport, adsorption, as wellas desorption of reactants a
the catalytic reaction on thecatalyst within the reactor. Th
software code used allows a simple implementation of dif
ent models without any restriction on the number of reac
steps[14,15].

The diffusional transport through the reactor, which
quantitatively described in a partial differential equation
each gas-phase molecule[14], was characterized throug
the quality of fitting of the transient response of Ne to
model, assuming Knudsen diffusion only (Fig. 1). The ef-
fective diffusion coefficient of Ne as estimated from t
fitting was used as a fixed parameter for further calc
tions of the effective diffusion coefficients of other gas-ph
species according toDeff

A = Deff
Ne

√
MNe/MA in the further

fitting applying different kinetic models. As a criterion f
the quality of fitting the residual was calculated accord

to residual=
√

1
N

N∑
i=1

r2
i , whereri is the shortest deviatio

between the representative points of experimental and
ulated responses andN is the number of these points. Th
residual of fit assuming Knudsen diffusion only (Fig. 1) was
1.62× 10−3, i.e. considerably lower than that for the mo
complex kinetic models (Table 1).

In our modeling procedure, the units of the rate of re
tion with gas-phase molecules are mol m−3

cat s
−1, while those
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Fig. 1. Comparison between experimental (o) and simulated (—)
sponses of Ne at 973 K assuming Knudsen diffusion only (Deff

Ne =
1.08× 10−2 m 2 s−1).

of surface species only are mol m−2
cat s−1. The concentration

of gas phase and surface species are expressed in mo−3
cat

and mol m−2
cat, respectively.

3. Results

3.1. N2O decomposition and the role of oxygen

Transient experiments have shown that N2O decomposi-
tion starts above 673 K. N2 and O2 were the only observe
gas-phase products detected at the reactor outlet. The
perature dependences of the molar fractions of N2O, N2, and
O2 are shown inFig. 2 (solid symbols). Thermal decomp
sition of nitrous oxide did not exceed 5% at 1073 K in t
reactor filled with quartz only as compared to 77% in
presence of catalyst.

In order to check if gas-phase oxygen influences N2O
decomposition under vacuum conditions, transient ex
iments were performed at different temperatures usin
N2O/O2 = 1/1 mixture diluted by neon. The N2O concen-
tration was ca. 30 vol% in the feed mixture without a
with added oxygen. The experimental data are presente
Fig. 2 (open symbols). The degree of N2O decomposition
and the amount of N2 formed decrease slightly when ox
gen is added to the nitrous oxide. This indicates that oxy
and N2O compete for the same active sites, hereby oxy
inhibits partly the decomposition of N2O over Pt gauze.

3.2. Kinetic and mechanistic evaluation of N2O
decomposition

In order to derive probable mechanistic insights fr
kinetics into the decomposition of N2O particularly with
respect to oxygen formation at high temperatures (8
1073 K), transient responses of both N2O and reaction prod
-

Table 1
Kinetic models used for fitting of experimental data on N2O decomposition
over Pt at 973 K

Reaction steps Model number Best residual

N2O+ s
k1→ N2 + O–s 1 1.05× 10−1

N2O+ O–s
k2→ N2 + O2 + s

N2O+ s
k1→ N2 + O–s 2 5.00× 10−2

2O–s
k2→ O2 + 2s

N2O+ s
k1→ N2 + O–s 3 4.09× 10−2

2O–s
k2
�
k3

O2 + 2s

N2O+ s
k1→ N2 + O–s 4 2.97× 10−2

N2O+ O–s
k2→ N2 + O2 + s

2O–s
k3→ O2 + 2s

N2O+ s
k1→ N2 + O–s 5 3.19× 10−2

N2O+ O–s
k2→ N2 + O2 + s

2O–s
k3
�
k4

O2 + 2s

N2O+ s
k1→ N2 + O–s 6 2.29× 10−2

N2O+ O–s
k2→ N2 + O2 + s insensitive tok3

2O–s
k3
�
k4

O2–s+ s

O2–s
k5
�
k6

O2 + s

N2O+ s
k1→ N2 + O–s 7 1.14× 10−2

N2O+ O–s
k2→ N2 + O2 + s

O2 + s
k3
�
k4

O2–s

O2–s+ s
k5→ 2O–s

N2O+ s
k1→ N2 + O–s 8 1.50× 10−2

N2O+ O–s
k2→ N2 + O2–s

O2–s
k3
�
k4

O2 + s

O2–s+ s
k5→ 2O–s

ucts (O2 and N2) were simultaneously fitted to 7 differe
kinetic models (seeTable 1). These kinetic models wer
chosen taking into account literature data on N2O decom-
position over polycrystalline platinum Pt[6,7,10,16], Rh
black[17], and Pd (110) single crystal[18]. The choice was
not restricted to the two models, as described in the introd
tion in order to provide an unprejudiced data examinat
The models were applied in the order of increasing th
complexity.

The elementary reaction steps implicated in these mo
were chosen according to the results of our own and
viously reported experiments. Thus, decomposition of N2O
via an adsorbed molecular intermediate N2O–s [Eq. (2)] was
not taken into consideration since according to Avery[19]
N2O desorbs completely from a Pt (111) surface at tem
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Fig. 2. Molar fractions of N2O, O2, and N2 on pulsing N2O/

Xe/Ne= 1/1/1 (solid symbols) and N2O/O2/Ne= 1/1/1 (open symbols)
mixtures at different temperatures over Pt gauze.

atures of 90–105 K. No adsorption of nitrous oxide was a
observed over Pt sponge at 523 K[20]. Moreover, our result
on N2O pulsing at lower temperatures provide no evide
for measurable adsorption of N2O on Pt gauze. Based on th
above observations no adsorbed N2O species were include
in all the models. A direct reactive interaction of gas-ph
N2O with metallic surface sites [Eq. (4)] was assumed as th
first reaction step for each model.

The experimental and simulated transient response
N2O, O2, and N2 assuming models 1 to 3 are shown inFig. 3.
The models differ in the reaction pathways of oxygen f
mation. Although they describe the experimental data
N2O and N2 well (Fig. 3), no fully satisfactory descriptio
for the transient response of oxygen was achieved. Mo
2 and 3, which assume formation of gas-phase oxygen
recombination of adsorbed oxygen atoms, describe the
perimentally observed O2 tailing better than model 1. How
ever, maxima of the simulated oxygen transient respo
are shifted to extended times in comparison to the maxim
of the experimental curve. In contrast to models 2 an
f

-

model 1 describes the maximum of the experimental t
sient response of oxygen perfectly. Thus, it is suggested
formation of molecular oxygen could take place by inter
tion of adsorbed oxygen atoms with N2O as well as thei
recombination. At low surface coverage by atomic oxyg
formation of molecular oxygen occurs via interaction of
trous oxide with adsorbed oxygen atoms. With an incre
in coverage, recombination of two atomic oxygen spe
begins to play an important role in oxygen formation, sin
this reaction step is of second order with respect to adso
atomic oxygen.

Models 4 and 5 take the above assumption into acco
Fig. 4gives a comparison of the experimental and simula
transient responses of N2O and products of its decomp
sition. Both models describe the experimental data be
than models 1–3, but the description of the oxygen tr
sient response was still not satisfactory. This is espec
valid for its maximum and tailing. The regularity of the o
served deviation between the experimental and simulate
data indicates the inadequacy of these models. Besides,
models do not describe the transient responses of N2O, O2,
and N2 over the whole temperature range (873–1073
when the data were fitted simultaneously. Therefore, a
extended model was taken into consideration. This m
(No. 6) considers participation of adsorbed molecular o
gen species, as previously suggested by Riekert et al.[6] as
an intermediate in oxygen dissociation. Actually, mode
gives a better fit of the transient responses of N2O, N2, and
O2 than the above models. The recombination of two
sorbed atomic oxygen species, however, had to be reje
since the objective function was insensitive to this param
This can be ascribed to the experimental vacuum tran
conditions, at which coverage by adsorbed atomic oxy
species, formed from N2O, is low due to the small amoun
of N2O pulsed. Therefore, recombination of adsorbed o
gen species, which is a reaction of second order, is slow
its influence on the shape of the oxygen transient respon
negligible. Thus, model 6 was modified by excluding the
action step, which describes the recombination of adso
oxygen atoms. The respective model 7 (Fig. 5) assumes de
tic
Fig. 3. Comparison between experimental (o) and simulated (—) responses of N2O, O2, and N2 during N2O decomposition at 973 K. (Fitting based on kine
models 1–3.)
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Fig. 4. Comparison between experimental (o) and simulated (—) responses of N2O, O2, and N2 during N2O decomposition at 973 K. (Fitting based on kine
models 4 and 5.)

Fig. 5. Comparison between experimental (o) and simulated (—) responses of N2O, O2, and N2 during N2O decomposition at 973 K. (Fitting based on kine
models 7 and 8.)
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composition of N2O on reduced metallic sites to molecu
nitrogen and adsorbed oxygen atoms, which can also inte
with N2O, yielding gas-phase molecular oxygen and nit
gen. Gas-phase molecular oxygen, in turn, can be rever
adsorbed and dissociate to O–s. Thus, this model assum
two elementary steps, which lead to gas-phase oxygen:2–
s → O2 + s and N2O + O–s→ N2 + O2 + s. Based on
kinetic parameters derived from the fitting, the fractio
coverage by atomic oxygen species is estimated to be 0
of the total number of surface Pt atoms. In order to elucid
the way of gas-phase oxygen formation, it was assume
model 8, that interaction of N2O with O–s leads to the forma
tion of adsorbed molecular oxygen species. The forma
of gas-phase oxygen occurs then only via desorption.
results of fitting the experimental data to the latter model
shown inFig. 5. It can be seen, that excluding of the ste
which describes direct formation of gas-phase oxygen
N2O + O–s→ N2 + O2 + s, leads to a shift of the simu
lated curve to the extended times and to worsening of
description of the oxygen transient response.

Based on the results of model discrimination at the
erence temperature of 973 K, model 7 (seeTable 1), which
provides the best description of experimental data, was
t
lected for simultaneous fitting the transient response
N2O and products of its decomposition (N2 and O2) at all
temperatures (873–1073 K). Activation energies could
derived for all the reaction steps according to

(8)ki = kTref exp

(
−Ea

R

(
1

Ti

− 1

Tref

))
,

whereTref is a reference temperature at whichkTref were ini-
tially obtained from fitting.

A good description of the transient data was obtained
each temperature. The activation energies and reaction
constants at the reference temperature are presentedTa-
ble 2.

For further confirmation or rejection of the evaluated
action mechanism of oxygen formation in N2O decompo-
sition over Pt gauze, an isotopic exchange technique
applied. The results are presented and discussed below

3.3. Transient isotopic experiments

On pulsing N2
16O over Pt gauze precovered by18O

species during the pretreatment in18O2, the oxygen isotope
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Table 2
Kinetic parameters of model 7 for N2O decomposition over oxygen-pretreated Pt gauze at 873–1073 K

Reaction step ki (T = 973 K) Ea (ki ) kJ mol−1

N2O+ s
k1−→ N2 + O–s 2.0× 108 m2

cat mol−1 s−1 81

N2O+ O–s
k2−→ N2 + O2 + s 9.5× 109 m2

catmol−1 s−1 173

O2 + s
k3−→ O2–s 1.9× 109 m2

cat mol−1 s−1 21

O2–s
k4−→ O2 + s 1.2× 101 s−1 10

O2–s+ s
k5−→ 2O–s 4.3× 105 m2

catmol−1 s−1 31
n
t re
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se
Fig. 6. Normalized transient responses of18O16O and 16O2, formed in
N2

16O decomposition at 973 K over Pt gauze pretreated by18O2.

observed were16O2 and16O18O, the former being the mai
reaction product. The shapes of the normalized transien
sponses of16O2 and16O18O are nearly the same as sho
on Fig. 6. This indicates that both isotopes are formed
the same reaction pathway. The distribution of oxygen
topes as a function of temperature is shown inFig. 7. It can
be seen that an increase in the molar fraction of16O2 formed
from N2O is accompanied by a slight decrease in the m
fraction of labeled oxygen (16O18O).

For examining the influence of a secondary isotopic
change of oxygen on the interpretation of the interactio
N2O with 18O pretreated Pt gauze,16O2 was pulsed ove
the catalyst pretreated with18O2 in the same manner as
the case of N2O decomposition.16O18O and18O2 were de-
tected at the reactor outlet as the products of oxygen isotop
exchange. The main product of oxygen isotopic exchang
was16O18O. Normalized transient responses of16O2 pulsed
as well as isotopes formed in the isotopic exchange r
tion (16O18O and18O2) are presented inFig. 8. The order
of appearance of these transient responses reflects a s
quent formation of16O18O and18O2. In contrast to the abov
-

e-

Fig. 7. Molar fractions of16O2 and 18O16O isotopes, formed in N2
16O

decomposition at different temperatures over Pt gauze pretreated by18O2.

Fig. 8. Normalized transient responses of16O2, 18O16O, and18O2 when
16O2 was pulsed at 973 K over Pt gauze pretreated by18O2.

results on N2O decomposition over Pt gauze pretreated
18O2 (Fig. 7), the molar fractions of both isotopes increa
with an increase in temperature (Fig. 9).
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Fig. 9. Molar fractions of16O2, 18O16O and18O2 when16O2 was pulsed
at different temperatures over Pt gauze pretreated by18O2.

4. Discussion

4.1. Pathways of N2O decomposition

Discrimination among various kinetic models has
vealed that the best description of the experimental da
achieved by model 7, which then confirms on the basi
more information the model proposed by Riekert et al.[6]
previously. This model [Eqs. (4)–(7)] suggests the forma
tion of gas-phase oxygen via interaction of N2O with ad-
sorbed atomic oxygen species [Eq. (5)]. The experiments
with isotopically labeled oxygen (see Transient isotopic
periments) reveal the differences in the processes, w
lead to redistribution of labeled oxygen in gas-phase w
16O2 and N2

16O were pulsed over Pt covered with label
oxygen (18O). To our point of view these results allow an a
sessment between the various mechanisms suggested
literature.

For the oxygen isotopic exchange on different Pt ca
lysts [21,22] various mechanisms have been proposed.
the temperature range from 750 to 800 K and an oxy
pressure of 13 Pa[22], conditions comparable with those
the present study, oxygen isotopic exchange was sugg
to proceed via an adsorption/desorption mechanism:

(9)18O2 + 2s� 218O–s,

(10)18O–s+ 16O–s� 16O18O.

These equations illustrate formation of O2 according to
the Langmuir–Hinshelwood mechanism for N2O decompo-
sition [Eq. (3)]. If these reaction pathways would be valid f
N2O decomposition, there ought to be no differences in
order of appearance of oxygen isotopes during N2O decom-
position and oxygen isotopic exchange. However, respe
experimental data presented inFigs. 6 and 8differ sig-
nificantly. Transient responses of oxygen isotopes (16O18O
and16O2) formed during N2O decomposition over Pt gauz
pretreated with18O2 have the same shape and position
e

d

maxima (Fig. 6), while transient responses of oxygen is
topes formed during oxygen isotopic exchange are shifte
each other (Fig. 8). Taking into account the reaction pat
way for oxygen formation assumed by model 7, the sa
shape (Fig. 6) of transient responses of isotopically labe
oxygen (16O18O and16O2) can be explained only, when th
formation of adsorbed oxygen species from N2O [Eq. (11)]
is fast enough ascertaining no delay in the formation of16O2
[Eq. (12)] as compared to the formation of18O16O from ad-
sorbed18O–s species [Eq. (13)], which are already presen
on the surface before N2O pulsing:

(11)N2
16O+ s→ N2 + 16O–s,

(12)N2
16O+ 16O–s→ N2 + 16O2 + s,

(13)N2
16O+ 18O–s→ N2 + 16O18O+ s.

With an increase in temperature the amount of16O–s
formed via interaction of N2O with Pt atoms [Eq. (11)]
increases. A further reaction of these species with N2O re-
sults in an increase in the molar fraction of gas-phase16O2
(Fig. 7). The absence of a respective increase of the m
fraction of16O18O due to the process described byEq. (13)
is surprising because the amount of18O–s stored on the
surface after pretreatment is high enough according to
amount of18O-containing products formed in the oxyg
isotopic exchange reaction. This difference, however,
be explained assuming that not all oxygen species for
by 18O2 pretreatment are able to react with N2O. It is also
very important to note that in comparison to the above o
gen pulse experiments, no measurable amount of18O2 was
observed on pulsing N2O over Pt gauze, which had bee
pretreated by18O2. This observation indicates that reco
bination of two surface oxygen atoms is not relevant un
our conditions. Otherwise there would be no difference
the formation of18O2 on pulsing16O2 or N2

16O over the
gauze, which had been pretreated by18O2.

The experimentally observed inhibition of N2O decom-
position by gas-phase molecular oxygen (Fig. 2) is also con-
sidered in the selected model 7, which predicts an inhibi
effect of oxygen on N2O decomposition due to competitio
between gas-phase N2O and O2 for the same adsorption site
[Eqs. (4) and (6), respectively]. Such an inhibiting effe
of oxygen on the decomposition of nitrous oxide has b
previously found for different Pt-containing materials su
as wires[7,9,10], foils [5], and sponges[11] under steady
state conditions. However, under transient conditions of th
present study, the decrease in N2O conversion in the pres
ence of gas-phase oxygen is lower as compared to the p
ous studies, where at least a twofold decrease in the ra
N2O decomposition was observed at 1273 K when oxyge
was added to an N2O-containing mixture in the proportio
1:1 [7]. This difference can be explained by the fact t
under transient conditions in vacuum only a part of the
tive sites is involved in the reaction due to the small amo
of molecules pulsed. In our study this amount was appr
mately 3×1014 molecules per pulse. Under such conditio
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at which the number of molecules pulsed is lower than
number of active sites (∼ 2 × 1015 Pt atoms) the inhibiting
effect of gas-phase oxygen should be lower than at amb
pressure.

4.2. Activation energies of the N2O decomposition
pathways

The activation energies for N2O decomposition over re
duced Pt sites [Eq. (9)] as well as for interaction of N2O with
adsorbed oxygen atoms [Eq. (10)] were found to be 81 an
173 kJ mol−1, respectively (Table 2). Apparent activation
energies for N2O decomposition reported in literature for
wires [4,9,10] are in the range from 136 to 151 kJ mol−1.
However, a direct comparison is not possible because
literature values were calculated assuming a rate-limiting
action step (recombination of two adsorbed oxygen spe
formed from N2O). For this assumption the observed acti
tion energies are a result of the “averaged” contribution
various elementary reaction steps.

For comparison of activation energies of oxygen in
action with Pt gauze derived in this study, literature d
which were obtained under similar experimental conditions
are taken into consideration. Since no high coverage
adsorbed oxygen species exists under transient cond
due to the small amounts of molecules pulsed the ch
of literature data was limited to investigations, which d
with coadsorbed molecular and atomic oxygen specie
low total coverage. In the present study a higher barrie
21 kJ mol−1 for O2 adsorption was obtained than the va
of 7.4 kJ mol−1 reported in[25]. The difference is probabl
due to the fact that in the latter study the molecular oxy
was adsorbed on a clean Pt (111) surface. However, th
spective activation energy may also depend on the degr
coverage by adsorbed oxygen species.

Gland et al. [23] have reported that on a clean
(111) surface the activation energy for O2 desorption was
37 kJ mol−1, while in the presence of an O(2× 2) layer the
value decreased to 16 kJ mol−1. The activation energy de
rived from fitting of transient responses in the present st
is 10 kJ mol−1. This value is lower than the above valu
For dissociation of adsorbed molecular oxygen, the ac
tion energy was reported to be 29 kJ mol−1 [24]. This value
is very close to the activation energy of 31 kJ mol−1, found
for the step O2–s+ s

k5→ 2O–s in this study. Thus, the activ
tion energies for N2O decomposition and oxygen interacti
with Pt gauze obtained in this study are in relatively go
agreement with literature data.

5. Conclusions

A mechanistic scheme and kinetic parameters of the
alytic decomposition of N2O over knitted Pt gauze und
transient conditions were derived on the basis of experim
with isotopic labeled molecules and results of simultane
fitting of the transient responses of N2O, N2, and O2 to dif-
ferent kinetic models and discrimination among them. T
t

s

-
f

best description of experimental data was achieved assu
the formation of gas-phase molecular oxygen mainly du
interaction of adsorbed oxygen species with gas-phase2O.
Adsorbed oxygen species are formed via interaction of
phase N2O with Pt metallic sites as well as by dissociat
oxygen adsorption via a molecular precursor. The rate o
combination of two adsorbed oxygen atoms was assum
be slow under the transient conditions. The inhibiting eff
of gas-phase molecular oxygen on N2O decomposition, ob
served in the present study, was explained in the fram
the evaluated mechanistic scheme by competition betw
gas-phase N2O and O2 for the same active sites.
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