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Abstract

The reaction pathways of N, and N,O formation in the direct decomposition and reduction of NO by NHj; were investigated over a
polycrystalline Pt catalyst between 323 and 973 K by transient experiments using the temporal analysis of products (TAP-2) reactor. The
interaction between nitric oxide and ammonia was studied in the sequential pulse mode applying '’NO. Differently labelled nitrogen and nitrous
oxide molecules were detected. In both, direct NO decomposition and NH3;—NO interaction, N,O formation was most marked between 573 and
673 K, whereas N, formation dominated at higher temperatures. An unusual interruption of nitrogen formation in the '>NO pulse at 473 K was
caused by an inhibiting effect of adsorbed NO species. The detailed analysis of the product distribution at this temperature clearly indicates
different reaction pathways leading to the product formation. Nitrogen formation occurs via recombination of nitrogen atoms formed by
dissociation of nitric oxide or/and complete dehydrogenation of ammonia. N,O is formed via recombination of adsorbed NO molecules.

Additionally, both products are formed via interactions between adsorbed ammonia fragments and nitric oxide.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The catalytic reduction of nitrogen oxides emissions for
environmental protection has been a subject of numerous
studies [1]. NO emission from nitric acid plants and stationary
power stations is controlled by selective catalytic reduction
(SCR) using ammonia or urea. Although metal-oxide catalysts
are mostly applied, Pt-based catalysts are also of interest due to
their high efficiency in the SCR process under sulphur-free
conditions [2]. Moreover, the interaction of NO and NH; over
Pt catalysts reveals rate oscillations, which gave rise to various
detailed mechanistic studies [3—7] aimed at the understanding
of the oscillatory behaviour. Besides, the NO—NHj interactions
play a significant role in side product formation (N,O and N,) in
the high-temperature ammonia oxidation to nitric oxide [8].

Various mechanistic studies of the interactions between NO
and NH;3 on Pt-based catalysts [3—-7,9—12] were performed in a
broad range of pressures extending from UHV (1077 to
1072 Pa) [5-7,13] over mediate pressures of 10-10? Pa [3,10]
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to ambient pressure [11,12]. The main reaction products were
nitrogen and water. N,O formation was only sporadically
observed and discussed. The most informative insights into N,
and N,O formation were derived using isotopically labelled
molecules ("°’NO [6] and '"NH; [7,8,14]). The suggested
concepts differ in the reaction pathways of product formation.
Earlier mechanisms [3,9,10,14] consider the dissociation of
ammonia to NH, and hydrogen atoms, which in turn react with
adsorbed NO yielding HNO species. HNO and NH, species
participate in the reaction pathways leading to N, and N,O
(Egs. (1)—(5)). Although some indications for HNO species
were obtained by EELS studies [15], their existence is still
controversial:

s-NH; +s-NO — N, +s-H,O + s (1)
s-NH; +s-NO — N,0 + 2s-H 2)
2s-HNO — N,O + s-H;0 + s 3)
s-HNO + s-H — s-N + H,O + s 4)
2s-N — Nj +2s (5)
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Later concepts [6,7] are based on a more general approach
excluding the participation of HNO or NH, species. Nitrogen
atoms are considered as a key intermediate in N, [6,7] and N,O
[7] formation (Eqgs. (6)—(8)):

2s-N — Np +2s (6)
s-NO + s-N — N,O + 2s @)
s-NO + s-N — Np +s-O + s (8)

However, these concepts ignore the experimental observa-
tions that adsorbed ammonia fragments dominate on the Pt
surface at low temperatures under oxidative conditions [16—
18]. Therefore, further mechanistic examinations of the
interactions between NO and NHj are needed. The present
study was aimed at detailed understanding of reaction pathways
leading to N, and N,O in the NH5-NO interaction over an
industrially relevant knitted Pt gauze by means of transient
experiments with isotopic tracers. NO decomposition, which
also yields N, and N,O over Pt catalysts [19-21], was taken into
consideration in order to estimate its contribution to the overall
product formation in NO reduction by NH;. The transient
experiments were performed in the temperature range from 323
to 973 K using the TAP-2 reactor. This technique enables the
study of primary heterogeneous reaction steps due to the
suppression of any possible gas-phase interactions. Due to the
small amount of pulsed molecules, highly exothermic NH;—NO
reaction can be studied under isothermal conditions as it was
earlier shown for ammonia oxidation [22].

2. Experimental

Knitted Pt gauze (Multinit® type 4, Degussa) made of
polycrystalline Pt wire was used as a catalyst. The geometric
surface area (0.002(4) m’ gfl) of the catalyst coincides well
with the BET surface area (0.002(3) m> gfl), determined by
low-temperature adsorption of Kr, which was used because of
the low surface area of the catalyst.

The TAP reactor system has been described in detail
elsewhere [23,24]. A single piece of the catalytic gauze (ca.
120 mg) was placed between two layers of inert quartz particles
(sieve fraction 250-350 wm) in the isothermal zone of a quartz-
made micro reactor (i.d. = 0.006 m, L = 0.04 m). Before pulse
experiments the gauze was pre-treated in a flow of O, (30 ml/
min) at 1073 K for 1 h at atmospheric pressure to remove
carbon deposits from the catalyst surface. For studying direct
NO decomposition, the Pt gauze was treated in a flow of
hydrogen (10 ml/min) at 873 K for 4 h at atmospheric pressure.
After pre-treatment, the reactor was evacuated and the catalyst
was exposed to vacuum conditions (10> Pa). During a single
pulse the pressure in the catalyst zone increased to ca. 10 Pa.

Additionally, after NO pulsing at a specified reaction
temperature the catalyst was treated by hydrogen pulsing (ca.
10'® molecules/pulse) in order to remove oxygen species
formed from NO (Section 3.1). H, was pulsed over the gauze
until no water signal was anymore observed at the reactor
outlet. For experiments below 873 K this pulse treatment was

performed at 873 K, while for experiments above this
temperature, the H,-pulse treatment was carried out at the
same temperature.

Transient experiments were performed using '*NO/
Ne=1:1, I5NO/Ne = 1:1 and 14NH3/Ne = 1:1 mixtures in the
temperature range between 323 and 973 with 100 K intervals.
The time interval between the NH; and 'NO pulses was 0.2 s.
The pulse size was kept for all experiments in the range of
5% 10" to 9 x 10" molecules enabling operation in the
Knudsen diffusion regime.

Ne (99.998%), Xe (99.99%), 'SNO (99.5%), '“NH,
(99.98 wt.%) were used as delivered. Isotopically labelled
nitric oxide was purchased from ISOTEC. The following
atomic mass units (AMUs) were used for mass-spectroscopic
identification of different compounds: 44, 30, 28 (N,O), 32
(0,),30 (NO), 28 (N,), 18 (H,0), 15 (NH3), 2 (H,), 20 (Ne) and
132 (Xe). In experiments with 15NO, transient responses were
additionally recorded at the AMUs: 46, 31, 30 (°N,0), 45, 31,
30, 29 (°N'NO), 31 (*NO), 30 (°N,), 29 (!N'*N).

3. Results
3.1. Decomposition of NO over platinum gauze

During NO pulsing over hydrogen-treated Pt gauze N, and
N,O were the only reaction products in the temperature range
from 323 to 973 K. No O, was observed in the gas phase over
the whole temperature range. However, the activity of
hydrogen-treated Pt was not stable; the amount of decomposed
NO as well as the amount of products decreased with the
number of NO pulses as exemplified in Fig. 1 for 573 K. This
decrease is more pronounced for N,O than for N,. The self
inhibition of NO decomposition is discussed in Section 4.1.

The distribution of N,O and N, formed from NO changes
with temperature. The temperature dependence of the molar
fractions of NO, N,O and N,, which correspond to the initial
activity of Pt, is shown in Fig. 2. N,O formation prevails at low
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Fig. 1. Molar fractions of NO (H), N> (A) and N,O (@) as a function of
number of NO pulses over hydrogen-treated Pt gauze at 573 K.
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Fig. 2. Molar fractions of NO, N, and N,O as a function of temperature when
an NO/Ne mixture was pulsed over hydrogen-treated Pt gauze.

temperatures. Its production decreases after passing through a
maximum between 573 and 673 K. N, becomes the main
product at temperatures above 673 K. Some loss of NO as
derived from a balance of the gas phase, especially marked at
low temperatures, was explained by partially reversible NO
adsorption. The type of NO interaction with Pt was determined
by analysing of the transient responses of NO and Ne according
to the method suggested by Gleaves et al. [24]. The responses of
NO and Ne were transformed into a dimensionless form taking
into account the effective diffusion coefficients, the amount of
pulsed gases and the geometric dimensions of the micro reactor.
The comparison between the modified responses of NO and Ne
(Fig. 3), shows a typical “finger tip”’ for a reversible adsorption,
i.e. the modified response of NO crosses that of Ne [24].
Formation of some irreversibly adsorbed NO species, which
explains the loss of NO, can be expected over polycrystalline Pt
below 650 K [25].

Dimensionless flow

0 1 2 3 4 5 6
Dimensionless time

Fig. 3. Comparison between transient responses of NO and Ne treated accord-
ing to the method suggested by Gleaves et al. [24].

3.2. Reduction of nitric oxide by ammonia

For detailed mechanistic insights into the catalytic reduction
of NO by NH; yielding N,O and N,, this reaction was
comprehensively studied by sequential pulsing of "“NH; and
NO with a time delay of 0.2's between pulses. Using of
labelled nitric oxide in these experiments enables to identify
different reaction pathways of product formation based on the
distribution of labelled nitrogen atoms in the product
molecules. The experimental results are presented below
starting with the description of product formation in the "*NH;
pulse followed by that in the '’NO pulse.

14N2, H,O and H, were the only reaction products in the
"“NH; pulse. The temperature dependence of their formation is
shown in Fig. 4. The formation of these products started above
473 K. The amount of formed H,O achieved a maximum at
573 K. A further temperature increase led to a decrease of the
amount of H,O; it increased, however, again after passing
through a minimum between 773 and 873 K. The formation of
14N2 and H, increased with temperature in accordance with an
increased degree of NH; decomposition over oxygen-treated Pt
gauze as reported by us previously [26]. The increase in the
amount of 14N2 in the 14NH3 pulse means that the amount of
"NH, species available for the reaction in the subsequent '>’NO
pulse decreases, respectively.

In the subsequent '’NO pulse, three nitrogen isotopes ('°N»,
ISN'N and 14N2), as well as 15NZO and N'NO were observed
besides H,O. Traces of 14N20 were detected at 573 K only. The
temperature dependence of the formation of differently labelled
nitrogen and nitrous oxide molecules is shown in Figs. 5 and 6,
respectively. '*N,, formally formed from non-labelled "*NH;
from preceding pulse, is the minor product in the '>NO pulse over
the whole temperature range. Its amount increases with
temperature up to 573 K and decreases above this temperature.
The formation of "’N'*N and '°N, also passes through maxima at
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Fig. 4. Molar fractions of N,, H, and H,0 formed in the 14NH3 pulse as a
function of temperature when '*NH; and '’NO were sequentially pulsed with
time interval of 0.2 s.
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Fig. 5. Molar fractions of 15N, NN and '*N, formed in the '°NO pulse as a
function of temperature when NH; and '’NO were sequentially pulsed with time
interval of 0.2's.

573 and 673 K, respectively. '’N'*N is preferentially formed in
the temperature range of 473-573 K, whereas '°N, is the main
product at higher temperatures. The decrease of the total nitrogen
formation at elevated temperatures correlates with earlier
observations [6,9,10]. This temperature effect has been explained
by the temperature-induced changes of the distribution of
reactive surface species on the catalyst surface [9]. Mechanistic
aspects of the formation of various nitrogen isotopes are
discussed in Section 4.3.

From a mechanistic point of view, the experimental data,
obtained at 473 K are most interesting due to the observed
interruption, i.e. temporary decrease to 0, in the formation of
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Fig. 6. Molar fractions of "’N,O and ">N'*NO formed in the '>NO pulse as a
function of temperature when “NH; and '"NO were sequentially pulsed with
time interval of 0.2 s.
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Fig. 7. Transient responses of 15N, 1NN, N, and H,O formed in the >’NO
pulse when "“NH; and '*NO were sequentially pulsed with time interval of 0.2 s
at 473 K.

nitrogen and water upon entering of '’NO in the micro reactor
(Fig. 7). These products are formed in the '’NO pulse between
0.2and 0.7 s as well as between 1 and 4 s. Between 0.2 and 0.7 s
SN'N was the main product. In this time interval also a very
small amount of '*N, was detected. The preferential formation
of PNYN (msy, : msyuay : iy, = 0: 2.4 : 0.6) between 0.2
and 0.7 s (Fig. 7) indicates that there is a specific reaction
pathway leading to this product only.

The second increase of ">’N'*N and '*N, formation between
1 and 4 s is accompanied by simultaneous appearance of "N, in
the gas phase. The distribution of differently labelled N,
(misy, : misuay sy, = 1.9:4.4: 1.5), formed between 1
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Fig. 8. Normalised responses of '*N,, '’N'N and "N, formed in the '"NO
pulse when '“NH; and '’NO were sequentially pulsed with time interval of 0.2 s
at 473 K.
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Fig. 9. Normalised responses of 15N,O and N'™NO (x1.3) formed in the
ISNO pulse when NH; and '>NO were sequentially pulsed with time interval of
0.2s at 473 K.

and 4 s indicates, that N, forms via a process, which involves all
types of nitrogen atoms. This assumption is supported by an
analysis of the temporal appearance of these nitrogen isotopes
at the reactor outlet. Fig. 8 compares the shapes of the
normalised transient responses of l5N2, ISN™N and l4N2
between 1 and 4 s. It is clear that they are nearly similar. Such
similarity can be explained by the likeness of the reaction
pathways, which lead to the formation of differently labelled
nitrogen molecules in this time interval.

In contrast to nitrogen formation, differently labelled N,O
molecules ("’N,O and "’N'*NO) are formed in the ’NO pulses
between 0.2 and 0.7 s only. The transient responses of '°N,O and
SN'NO differ in their shape and order of appearance (Fig. 9).
The changes of molar fractions of '’N,O and '"N'*NO with
temperature are shown in Fig. 6. Similar to the temperature
dependence of N,O formation in the NO pulse experiments in
Fig. 2, the formation of nitrous oxide passes through a maximum
at 573 K in sequential pulsing of NH; and '>NO. The decrease of
the N,O formation with temperature can be explained by
increasing contribution of N,O decomposition as well as by
decreasing formation of N,O due to enhanced NO desorption.

4. Discussion
4.1. NO decomposition

Hydrogen-treated Pt surface decomposes NO yielding N,
and N,O without any reducing agent. However, the activity of
Pt towards product formation in NO decomposition decreases
with an increase in the number of NO pulses (Fig. 1). Since no
gas-phase oxygen was detected in these experiments, the
decrease of Pt activity is attributed to the inhibiting effect of
adsorbed oxygen originating from NO. These oxygen atoms
occupy active Pt sites for NO decomposition. Such an inhibiting

effect of oxygen species on NO decomposition under transient
conditions has been already described for Pt/ZSM-5 [19] and
Pt/Al1,05 [20].

The reaction pathway of N, formation during NO
decomposition is usually ascribed to irreversible recombination
of two adsorbed nitrogen atoms formed by NO dissociation
[27-30]. However, no consensus was reached for the reaction
pathways of N,O formation. Two different reaction pathways
have been discussed (Eqs. (9) and (10)):

e interaction between adsorbed NO and adsorbed N atom
[19,20,31]:

s-NO + s-N — N>,O + 2s )
e interaction between two adsorbed NO [32,33]:
s-NO + s-NO — N,O + s-O + s (10)

The participation of adsorbed nitrogen atoms in N,O
formation (Eq. (9) (also see Section 1)) was considered for Pt—
Rh(100) alloy [31], P/ZSM-5 [19] and Pt/Al,0; [20].
Additionally, this reaction pathway was essential for the
description of oscillations of NO reduction with NH; over
Pt(1 0 0) [34]. Recombination of two adsorbed NO species is
commonly accepted to be the only reaction pathway of N,O
formation over Ag and Cu catalysts [35]. According to the
tendency of different metal surfaces to dissociate NO
depending on the position of the substrate in the periodic
table [35], the same reaction pathway can be expected also for
Pt. Burch et al. [36,37] have concluded from switch
experiments between “NO and ISNO, that N,O formation
over Pt/SiO, occurs via recombination of weakly bound NO
molecules. Actually, density-functional calculations (DFT)
performed for Pt(1 1 1) and Pt(2 1 1) predicted N,O formation
via the (NO), intermediates over stepped Pt(2 1 1) surfaces
[38]. The decisive evidence of the recombination of adsorbed
NO molecules would be the detection of (NO), species on the
Pt surfaces, as reported for Ag, which is, however, still missing.
Hence, both reaction pathways for N,O formation should be
considered in the following discussion of the interactions of
SNO and "“NH;.

4.2. Primary reaction steps of NHz and NO interaction

The importance of oxygen species for the ammonia
activation has been stressed in recent investigations
[18,22,26]. Considering these results it may be derived that
the initial steps of NH; interaction with NO under conditions
studied cannot be ascribed to ammonia dissociation, as
predicted by previous mechanistic concepts [3-7,9-12].
Therefore, also for the reduction of NO with NHj3, the stripping
of hydrogen atoms from the NH3; molecule by oxygen species
should be the dominating primary reaction step in the activation
of ammonia under transient conditions. Oxygen species
required for these stripping reactions were accumulated during
oxygen treatment as was shown in Ref. [26] or they were
supplied by NO decomposition.
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4.3. Formation of N, in the interaction between “NH s and
s
NO

The results of sequential pulsing of "*NH5 and '>NO (Fig. 7)
indicate two different reaction steps for N, formation: (i) the
“individual” reaction pathway of 5NN formation, (i1) the
“common” reaction pathway leading to the formation of '°N,,
N'N and "N,. From the distribution of differently labelled
nitrogen molecules in the '’NO pulses between 1 and 4 s it was
concluded that the formation of various nitrogen isotopes
occurred via recombination of nitrogen atoms. However, about
half of the total amount of '>N'"N should be ascribed to an
individual reaction pathway taking into account that the rate of
nitrogen formation is second order with respect to coverage by
nitrogen atoms (r = k;- O, - O, ). Hereby, the formation of the
same amounts of 15N2, ISN'N and 14N2 via recombination of
N and "N is predicted assuming equal coverage by adsorbed
>N and "N species. If the coverage by one of the labelled
nitrogen atoms will dominate over other, the formation of the
respective nitrogen molecule is expected. Therefore, the
dominant formation of 'N'N cannot be explained by
recombination of differently labelled adsorbed nitrogen atoms
only. Previously, "’N'*N has been also observed as the main
isotopically labelled nitrogen molecule in the reaction between
>NH; and "*NO over an alumina-supported Pt catalyst [14] and
a Pt(1 0 0) single crystal [6]. Otto et al. [14] have ascribed a
possible “individual” pathway of 'N'N formation to the
interaction between adsorbed 'NH, and NO species. This
interaction can occur via surface intermediates like HoNNO,
suggested for non-catalytic, thermal reduction of NO with NHj;.
These intermediates are characterised by a strong bond between
nitrogen atoms, which remains during their rearrangement and
decomposition to N, and H,O [39]. However, the identification
of ammonia fragments, which participate in this reaction,
would require further spectroscopic studies supplemented by
DFT calculations.

The interruption of nitrogen formation (Fig. 7) is explained
by the inhibiting effect of NO. Such an inhibiting effect of NO
on the reaction between NO and NHj was already observed
over Pt wires, where NH;—NO interactions were studied in NO
excess [9]. Since NO does not completely desorb from
polycrystalline Pt at 473 K [25,40], NO species, which occupy
the active sites, hinder surface diffusion of nitrogen atoms and,
hence, their recombination. Additionally, adsorbed NO species
can suppress formation of oxygen species via NO dissociation
[11] or hinder the surface diffusion of these oxygen species. As
shown in [26], oxygen species initiate NH3 dehydrogenation to
adsorbed nitrogen atoms. If this reaction is inhibited, nitrogen
atoms are not formed and, therefore, nitrogen formation is
interrupted. As seen from Fig. 7 the formation of nitrogen via
recombination of nitrogen atoms (between 1 and 4 s) starts
during continuous desorption of '’NO after most of the labelled
nitric oxygen has already left the surface.

Desorption of nitric oxide is accelerated by an increase in
temperature, therefore, the inhibiting effect of adsorbed SNO
species on '"’NO decomposition decreases. The increasing
amount of adsorbed oxygen atoms formed via '’NO dissocia-

tion leads to an increase of H,O formation by stepwise stripping
of hydrogen atoms from ammonia molecules within the time
range of the '*NHj pulses. Formed '*NH, species are consumed
in the subsequent '>NO pulse. Such a scenario explains the
increase of H,O formation at low temperatures in the “NH,
pulse and the prevalence of ’N'*N in the subsequent '’NO
pulse (Fig. 5). Further temperature-dependent acceleration of
ammonia oxidation in the NH; pulse leads to a decrease of the
amount of ammonia fragments required for '>N'*N formation
in the subsequent '>’NO pulse. Thus, the changes in the molar
fractions of 15N2, ISN'N and 14N2 occur mainly in accordance
with the direct decomposition of ammonia and nitric oxide in
the '*NH; and "’NO pulses, respectively.

Summarising the results of sequential pulsing of NH;3 and
NO, two reaction steps leading to formation of N, were
confirmed, i.e. (i) the recombination of nitrogen atoms formed
due to dissociation of NO and complete dehydrogenation of
ammonia, (ii) interaction between adsorbed NO and ammonia
fragments. The contribution of these reaction pathways to N,
formation depends strongly on the relative coverage by
adsorbed NO and NH;.

4.4. Formation of N>O in the interaction between '*NH;
and °NO

Besides formation of N,O due to NO decomposition,
formation of differently labelled N,O molecules at 473 K occurs
between 0.2 and 0.7 s in the '’NO pulse as shown in Fig. 9 upon
sequential pulsing of '*NH; and '°NO. In contrast to nitrogen
formation, no formation of nitrous oxide was detected between 1
and 4 s at 473 K, although adsorbed nitrogen atoms being active
in N, formation and adsorbed '>NO species were still present on
the surface (Fig. 7). These observations indicate that under
conditions studied it is unlikely that nitrogen atoms participate in
the formation of N,O. With respect to the alternative reaction
pathways suggested in literature [3,9,10,14] the formation of
differently labelled N,O molecules can occur via either
recombination of adsorbed NO molecules or via interaction
between NO and ammonia fragments. The recombination of
adsorbed NO molecules alone cannot, however, explain the
absence of "*N,O at 473 K. This statement is based on the fact
that '>N'*NO is formed at higher concentration than '>N'>NO
(Fig. 6). Therefore, high concentration of adsorbed '“NO species
would be expected if nitrous oxide is formed via the
recombination of adsorbed NO molecules. However, 14N20
was not detected. Also the coupling between adsorbed NO
molecules and ammonia fragments is not appropriate as the only
reaction pathway of N,O, since it requires the formation of '’NH,
under excess of NO on the surface. Therefore, in agreement with
Otto et al. [14] an individual pathway of '>N'*NO via coupling
between adsorbed NH, and NO species has to be considered. This
reaction pathway suggested the formation of adsorbed hydrogen
atoms, which can also recombine yielding H,. However, gas-
phase H, was never observed in the '>NO pulse in the present
experiments in spite of the applied pressure conditions, which
would favour its desorption. The discrepancy between the
suggested reaction pathway of N,O formation via NH,—-NO
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coupling [14] and the present experimental observations can be
overcome by assuming participation of additional oxygen-
containing species, which react with hydrogen atoms of the NH,
(x =1, 2) fragments. Such oxygen species can be oxygen atoms
(Egs. (11) and (12)) OH groups (Egs. (13) and (14)) or another
NO molecule (Egs. (15) and (16)):

s-""NH + s-’NO + s5-0 — PN"NO + s-OH + 2s  (11)
s-"*NH, 4 s-'NO + 5-0 — PN"NO + H,0 + 3s  (12)
s-"*NH + s-’NO + s-OH — PN"NO + H,0 + 3s  (13)

s-"*NH, + s-’NO + 2s-OH — PBN'“NO + 2H,0 + 4s

(14)
s-"“NH + 25-’NO — BNM™NO + s-OH + s-°N + s

(15)
s-"“NH, + 2s-"NO — PN™NO + H,0 + s-'°N + 2s

(16)

However, no information on the nature of these oxygen-
containing species could be derived in the present study. This
aspect of the interaction between NO and NHj as well as the
structure of the reaction intermediate needs still further
investigations.

The formation of 15NZO was in turn ascribed to the
recombination of two adsorbed NO molecules. In coincidence
with findings of Burch et al. [36,37] this assumption explains
the formation of N,O during NO decomposition over hydrogen-
treated Pt gauze at 473 K, where no N, formation was detected.
The contribution of this reaction pathway to the overall
formation of N,O in NO reduction by NH; depends strongly on
the coverage by NO species, since it is a second-order reaction.
Above 973 no formation of N,O via recombination of two
adsorbed NO molecules should take place, since this reaction is
thermodynamically forbidden at these temperatures [1].
Therefore, as it was mentioned in Ref. [8] the interaction
between nitric oxide and ammonia fragments is the only
reaction pathway of N,O formation above 973 K.

5. Conclusions

Specific mechanistic conclusions for N, and N,O formation
were derived from the results of single '*NO and sequential
"“NH; and "°NO pulsing over polycrystalline Pt catalyst in the
temperature range from 323 to 973 K for peak pressure of ca.
10 Pa.

N, formation was established to occur via two reaction
pathways: (i) interaction between adsorbed NO and NH,
species and (ii) recombination of two adsorbed nitrogen atoms,
which originated from NO dissociation or/and complete NHj
dehydrogenation. The recombination of adsorbed nitrogen
atoms is hindered by adsorbed NO species below 573 K. For
N,O formation two independent reaction pathways were
identified: (i) recombination of two NO molecules and (ii)
interaction between adsorbed NH, and NO, which probably

requires participation of additional oxygen-containing species.
The contribution of the above reactions to total product
formation depends strongly on the coverage of the catalyst
surface by adsorbed NH, and NO species and on the reaction
temperature. The suggested reaction steps of product formation
in the interaction between NO and NHj; certainly offer a better
understanding the performance of real catalytic system on a
fundamental level.
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