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ABSTRACT

We report reaction of gas-phase free silver cluster cations, Ag," (n = 3—18), with nitric
oxide molecules studied by kinetics measurement using an ion trap. Ag,O(NO2),-1" and
Agi(NO»)," are observed as major products after multiple reactions. The reaction
pathway to form these product ions is identified by fitting the data to rate equations for n
< 15 except for inert » = 3 and 5. Two different reaction mechanisms are found for
formation of these products depending on cluster size; pseudo-first-order rate constants
of each step of elementary reactions are obtained. First, as found for n = 4, 6, and 9,
Ag,O" is formed by reaction with two NO molecules followed by release of neutral N>O.
Further reaction of Ag,O" with another NO molecule produces Ag,NO>". Ag,(NO2),"
(m > 1) is thus successively formed via the intermediate, Ag,ONO2),-1*. This is
analogous to the reaction of NO on silver surfaces to produce NO>. Second, both
Ag,NO," and Ag,O" are formed concurrently as found for n =7, 8, 10, 11, 12, and 15;
Ag,0" does not act as an intermediate for Ag,NO>*. Ag,O(NO2),-1" and Ag,(NO2)," (m
> 2) are formed by successive addition of NO to Ag,O" and Ag,NO-", respectively. It
is speculated that the successive addition of NO; proceeds via disproportionation, i.e.,
three NO molecules are converted to NO; and N>O. The reaction pathways of n = 13 and
14 are explained equally well by the two mechanisms. The overall reaction coefficients
exhibit odd—even alternation; the higher reactivity for even n is due to an odd number of

valence electrons.



1. INTRODUCTION

Nitric oxide, NO, is a radical of great importance, as is known as one of the
signaling molecules involved in various physiological processes!? and as a ligand
forming nitrosyl compound with almost all the transition metals. On the other hand, NO
is one of the toxic gases generated during combustion processes in automobile engines
and thermal power stations, which causes environmental issues such as photochemical
smog and acid rain. In this context, catalytic reactions for removal and reduction of NO
has been studied.>* Among these studies, catalytic reduction of NO by hydrocarbons on
alumina supported silver surface (Ag/Al,Os) is one of the most effective and promising

reactions.> 10

11-26 and

NO molecules on a Ag surface have been studied experimentally
theoretically?*>? to understand adsorption and subsequent reaction of NO molecules.
Two NO molecules are known to produce N>O and O, where the reaction mechanism has

been the subject of debate, !%13:15-17.19-21.23,24-26.30 A

study examining isotopic distribution
of the reaction products from “N'60 and '"'N'80 on a Ag(111) surface revealed that N>O
was formed via (NO), dimer as an intermediate.!” The formation of the dimer was
supported by photoelectron spectroscopy,'*?* thermal desorption spectroscopy,'® X-ray
absorption near edge structure,?’ reflection-absorption infrared spectroscopy,?®?!
scanning tunneling microscopy,?® and theoretical calculations.>® A N>O molecule and an
O atom are formed from the dimer at 75-100 K, which is followed by a further reaction
of the O atom with another NO molecule to produce nitrogen dioxide, NO,."

Metal clusters consisting of a finite number of atoms have been attracting much

attention as model systems of heterogeneous catalysts, because they provide molecular-

level insights into metal-mediated catalytic reactions.®! Theoretical studies demonstrated



formation of (NO), dimer on Ag clusters®? and subsequent reduction to N2O,* although
energy barrier for dissociation of a single NO molecule is reported to be high.** An
adsorption site of NO was also reported,>>>* where the molecular orbital shape of the
frontier orbitals was found to play a key role in site selectivity.’’*® Theoretical
calculations also revealed that Ag clusters with odd numbers of electrons exhibit
adsorption energies higher than those with even electrons.?*4?

In addition to these theoretical studies, reaction of Ag clusters with NO molecules
has been investigated experimentally.*'* Kinetic measurement was performed for gas-
phase anionic clusters, Ag, ; fragmentation of the clusters was the major reaction channel
for n = 1-4, whereas Ags™ produced AgsN,O,” (x <y).*! Reaction of NO with Oz on Age"
supported on zeolite was reported using EPR spectroscopy.*’> More recently, the
experiment was extended to a broader size range, where reaction of Ag,” (n = 7-69) with
NO in the gas phase was examined to report formation of Ag,NO* and Ag,(NO)," as a
major products along with Ag,0* and Ag,NO>* for several small sizes;* formation of
Ag,O* implies release of N>O.

As for other transition-metal clusters, gas-phase reaction with NO has been
reported for Con™, 448 Ni, % Cu, 0,505 Nb,%,52 Rhyt,55* V00,5 TanOpm,55 CupOn, 356
Ce,On',’” and Cu,Al™>®  Dissociative adsorption of NO on cobalt cluster cations,
Co,", 44 is followed by release of N> to produce O, adducts.*”*® Sequential adsorption
of NO and release of N> have also been reported for Rh,*.33* NO molecules adsorbed
on Cu,*° do not exhibit reaction between them,’*! whereas their reactivity is altered by
oxidation or by doping of Al; oxidation of NO to NO; is reported for Cu,O,,",°' while
release of N has been observed for Cu,O2~ and Cu,Al*.5%% 1t is also reported that NO

is reduced to N>O by Cu nanoclusters on an Al>Os film.>® These reactions show that Cu



opens various reaction channels when it is combined with other elements. For Ni, and
Nb,, on the other hand, production of NO>™ and NO3™ via electron transfer from the

49,52 For

cluster was observed as well as release of N> forming oxidized cluster anions.
Nb,,*, formation of Nb,N>O" and Nb,NO:" are observed.>* As for oxide clusters of V, Ta,
and Ce, NO adsorption is the only reaction channel for V,0,,* and Ta,O,",> whereas NO
is oxidized to NO: by Ce,O," forming Ce,O,-1".°>7 NO thus shows a rich variety of
reactions depending on the catalysts. In addition to these reaction experiments, IR
multiphoton dissociation spectroscopy was reported for Au,NO"™ and Rh,TaNO" 606!
Odd-even oscillation was reported for the NO stretching frequency of Au,NO*.®
Geometric and electronic structures of NO adducts, Fe,NO*,%2 Rh,NO*",%3 Pd,NO",%* and
Au,NO*° 6566 were optimized by DFT calculations.

As the above-mentioned studies of NO reactions on clusters have been focusing on
the reaction products and their structures, kinetics information is still lacking. In the
present study, we perform reaction kinetics measurement on size-selected silver cluster
cations, Ag,” (n = 3—18), by employing an ion trap. We report reaction pathways and
rates of each step by analyzing time-dependent changes in the reactant and product ion

signals.

2. EXPERIMENTAL PROCEDURES
The experimental setup used for reaction kinetics measurement has been described in

detail elsewhere.®’

Briefly, Ag,” (n = 3-18) was generated by a magnetron-sputter
cluster-ion source, where sputtering of a silver plate (Toshima Manufacturing Co., Ltd.,

99.99%) was followed by aggregation of sputtered atoms and ions through collisions with

a buffer helium gas (99.99995%) cooled by liquid nitrogen. After thermalization by



collisions with a helium gas at liquid-nitrogen temperature, the cluster cations were mass
selected by a quadrupole mass filter (MAX-4000, Extrel CMS, LLC). The size-selected
reactant cations were guided by radio-frequency (rf) octopole ion guides and quadrupole
deflectors, and were introduced into a 30-cm-long linear quadrupole ion trap, which was
placed in a reaction gas cell at room temperature filled with buffer helium of 0.3 Pa and
pressure-controlled reactant nitric oxide. The partial pressure of reactant nitric oxide,
Pno, was adjusted in the range between 3 x 1073 and 3 x 1072 Pa depending on the
magnitude of reactivity so that the time constant of the reaction comes into the time
window of the measurement. The pressures of He and NO gases were measured by a
residual gas analyzer (RGA100, Stanford Research Systems, Inc.) outside the gas cell,
which were converted to the pressure inside the gas cell as reported previously®® by
referring to the reaction cross sections of Co," with 0. A care was taken to prevent
NO from reacting with a trace amount of residual O> or H>O in the gas line and the gas
cell, which causes conversion of NO to NO,. It was confirmed that the partial pressure
of NO; was less than 0.1% of that of NO as observed by the RGA.

After the ion trap was loaded with reactant cluster ions for 50-200 ms, the ions
were stored for a variable time, ¢, for reaction. Product ions were extracted from the ion
trap for analysis by a reflectron time-of-flight (TOF) mass spectrometer.”” The TOF mass
spectra were accumulated for 1,000 cycles of trap and detection. The yields of reactant
and product ions were measured as a function of storage time 7 to evaluate reaction rate

constants.

3. RESULTS AND DISCUSSION



3.1. Reaction Products. Figure 1 shows mass spectra of product ions upon
reaction of Ag,” with NO molecules for n = 3—18. The partial pressure of NO, Pno, and
storage time, #, are shown in each panel. Ag;” and Ags* were exceptionally inert with no
reaction products observed. Ags" and Age" are similar in that a dissociated product ion,
Ag,-1", was dominant along with small amounts of Ag,O" and Ag,NO:"; formation of
Ag,—1" implies release of neutral AgNO after NO adsorption. Note that the dissociation
channel to Ag,-1" was also observed for Agio" but for no other sizes. As for sizes with n
> 7, NO; adducts, Ag,(NO2),", were observed as major reaction products; the mass
spectra exhibiting product peaks separated by a NO; unit, as observed clearly for n > 11,
suggest that molecular NO; is formed on Ag," rather than that the N and O atoms are
adsorbed dissociatively. Oxygen adducts, Ag,O(NO2),-1", were also observed as major
product ions, e.g., AgsO", Ag;ONO>) ¥, AgsO", Agio0*, AgiiO(NO2)", Agi,O(NO»),",
Agi30(NO)s", and AgisO(NO»),", for n = 6-8, 1014, respectively.

The present result is consistent with a previous study performed by a continuous
flow reactor,*' where Ag,0", Ag,NO*, and Ag,(NO)," are observed at 120 K as major
reaction products along with a small amount of Ag,NO,". NO adducts, Ag,NO™, are
observed probably due to the temperature lower than our present experiment performed
at room temperature as well as a lower flow rate of the NO gas and a shorter reaction time.
The present and the previous results of the cluster experiments are analogous to the
reaction of NO on silver surfaces: adsorption of NO molecules on a silver surface
produces N>O and O atom at 75-100 K, and further reaction of the O atom with another
NO molecule produces NO>.!° The present result with a significant amount of
Agi(NO2)," for n > 7 indicates that NO> molecules are formed successively during

multiple collisions of Ag," with NO molecules.



3.2. Reaction Kinetics and Pathways. 3.2./. Ags". Figure 2 shows temporal
evolution of ion signals of reactant and product ions in the reaction of Age" with NO at
Pnxo = 3 x 1073 Pa. Panels (a) and (b) show the same experimental data, but display
kinetics analyses assuming different reaction pathways. The reactant, Ags", disappears
exponentially with the storage time, while AgsO", AgsNO,", and Ags*, are produced
accordingly. Note that reaction products are present even at 0.0 s, which are produced
during ion loading prior to storage. The result shows that Ags" is produced as a major
product, which exhibits an exponential rise to dominate the product ions eventually. As
for the other two products, AgeO" appears to be produced first, being followed by
formation of AgeNO,".

The reaction pathway to form these product ions was identified by fitting the data
to rate equations, where possible reaction pathways were examined to search for the most
probable pathway. The present reactions take place in a pseudo-first-order process
because the reaction cell enclosing the ion trap was filled with NO and He gases at
constant partial pressures much higher than the corresponding density of the reactant ions,
Ag,". Curve fitting to the pseudo-first-order rate equations was performed for the

following two reaction pathways (6A) and (6B):

A96+M> AgeO” s AggNO,"

(6A)
k6A.3 Ag 5+

d[Ags")/dt = — (kea,1 + kea3)[Age'] (6A-1)
d[AgsO “1/dt = kea,1[Ag6"] — kea2[AgeO"] (6A-2)
d[AgsNO2"]/dt = kea2[AgeO™] (6A-3)

d[Ags ")/dt = kea3[Ags'] (6A-4)



A96+ﬂ> AggO* Yoz, Ags*

Kes3 + (6B)
AgsNO,

d[Ags")/dt = — (kes,1 + k6B 3)[Ags'] (6B-1)
d[AgsO *)/dt = ken,1[Ags ] — ke 2[AgsO ] (6B-2)
d[AgeNO,"1/dt = ken 3[Ags'] (6B-3)

d[Ags ")/dt = kep2[Age'] (6B-4).

The pathway (6A) represents that AgsNO-" is formed via AgeO™ as an intermediate, while
Ags" is produced concurrently with AgeO*. On the other hand, (6B) assumes that AgsO*
and AgeNO;" are formed concurrently from Age*; Ags™ is produced by release of neutral
AgO from AgsO™.

The results of the curve fitting are shown by solid lines in Figs. 2a and 2b for (6A)
and (6B), respectively. The pseudo-first-order rate constants of each step of elementary

reactions, kea.1, kea2, and kea 3, are 0.23, 1.18, and 2.78 s

, respectively, in the pathway
(6A), whereas kep.1, kos2, and kep 3 are, 2.72, 17.71, and 0.23 s™!, respectively, in (6B).
The fitting to the pathway (6A) reproduces the temporal evolution of ion signals much
better than (6B); in particular, ion signals of AgsO™ fit very well to the curves obtained
for (6A). Therefore, the reaction pathway is identified as (6A), i.e., AgeNO>" is formed
via intermediate AgeO*. The intermediate might be produced from an ion—-molecule
complex, Ags(NO).2", which is not discernible in the mass spectrum in Fig. 1d probably
because of its short lifetime. The whole scinario is suggested as follows: Ags" reacts with

two NO molecules to produce AgsO" and N>O in the same manner as on a silver surface,’

and subesquently AgsO™ reacts further with another NO to form AgeNO>".



3.2.2. Ags". Figure 3 shows a result of Ags” measured at Pno = 6 x 10-3 Pa, where

AgsO" and AgsNO:" are the major product ions without any dissociation product, Ag7".
Panels (a) and (b) again show the same experimental, but display kinetics analyses
assuming different reaction pathways. Ion signals of both AggO* and AgsNO," increased
exponentially with the storage time; AgsNO>" dominated the product ions eventually.
The analysis of kinetics was carried out in the same way as in the case of Age':
curve fitting to the pseudo-first-order rate equations was performed for the following two

reaction pathways (8A) and (8B):

Ags® 2> AggO* X% AggNO,* (84)
d[Ags)/dt = —kga1[Ags™] (8A-1)

d[AgsO “1/dt = ksa,1[Ags'] — ksa2[AgsO*] (8A-2)

d[AgsNO>"]/dt = ksa2[AgsO™] (8A-3)

Ags’ X2 AggO*

8B
Kss2 A98N02+ ( )
d[Ags")/dt = — (kss,1 + k3B 2)[Ags'] (8B-1)
d[AgsO *1/dt = ksp,1[Ags'] (8B-2)
d[AgsNO>"]/dt = ks o[ Ags™] (8B-3).

The pathways (8A) and (8B) represent that AgsNO>" is formed via AgsO" as an
intermediate and that both AgsO" and AggNO," are formed concurrently from Agg",

respectively. The results of the curve fitting are shown by solid lines in Figs. 3a and 3b
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for (8A) and (8B), respectively. The pseudo-first-order rate constants, kga,1 and ksa 2,
were 3.57 and 20.17 s™!, respectively, in (8A), while kg1 and ksg2 were 0.23 and 3.54
s, respectively, in (8B). In contrast to Age", the reaction pathway (8B) explains the
temporal evolution of ion signals much better than (8A), suggesting that AgsNO," is not
produced via an intermediate AggO" but is formed from Ags” concurrently with AgsO™.
Direct formation of AggNO," from Ags" should occur via an intermediate ion—molecule
complex, either Agg(NO)>" or Agg(NO)3*, which are not discernible in Fig. 1f. Formation
of AgsNO>" via Agg(NO)," or Agg(NO)3* is accompanied by release of a neutral N atom
or a NoO molecule, respectively. In view of a possible high energy barrier for N-atom
release, it is speculated that the AgsNO," formation proceeds via disproportionation, i.e.,
three NO molecules are converted to NO> and N>O."!

3.2.3. Agis*. Agis" forms AgisO(NO2),-1" and Agis(NO.), " in a similar way as
Ags". Figure 4 shows temporal evolution of ion signals in the reaction of Agis" measured
at Pno = 1 x 1072 Pa, where the reactant, Ags*, disappears exponentially with the storage
time, while AgisN2O4", AgisN3Os", AgisN4Os*, and AgisNsO12" are observed as major
product ions along with AgisNOs", AgisN>Os", AgisN3O7", and AgisN4Oo" as minor
product ions. The analysis of kinetics was carried out in the same way as in the case of

Ags" based on two reaction pathways (15A) and (15B):

9.57 59.34 +11.69 +118.95 9.41

Agi5"—Ag150*"— AgsNO,* — Ag5sNO; —>A915N204+—>A915N205+—|

40.51 +12.19 +180.52 + 1.75 +14.99 +
|—>A915N306 —>Ag15N307" —>Ag15N4Og" — Ag15N4Og" —> Ag15NsO12 (15A)

11



14.69 6.18

0.86 . 791 . 2.88 . .
Agis"—>Ag;50" —— Ag15NO;" — Ag1sN,05" = Ag4sN30;" — Ag4sN,Og

8.81 +10.39 +835 +11.47 + 114 +
Ag1sNO;"—> Ag15N,0," — Ag15N306"— Ag15N4Og" —> Ag15N6O1 (15B).

The pseudo-first-order rate constants of each reaction are given above each arrow in s,

The results of the curve fitting are shown by solid lines in Figs. 4a and 4b for (15A) and
(15B), respectively. As in the case of Agg®, the reaction pathway (15B) explains the
temporal evolution of ion signals much better than (15A), suggesting that Agis(NO>)," is
formed concurrently with AgisO(NO2),-1" from Agis(NO2),-1"; major product ions, i.c.,
AgisN204", AgisN3Os', AgisN4Osg", and AgisNeO12", are formed successively from
AgisNO2", whereas minor product ions, i.e., AgisNOs", AgisN2Os*, AgisN3O7", and
AgisN4O9", are formed successively from AgisO*. The addition of NO> might occur via
an ion—molecule complex, Ag,(NO2),-1(NO)3;*, accompanied by release of a neutral N,O
molecule by disproportionation as in the case of Agg®. This pathway for NO> formation
is different from that on a silver surface.!” It is speculated that disproportionation is
encouraged because three NO molecules are adsorbed closely with each other in a limited
area on a cluster.

3.2.4. Other Sizes. The kinetics measurements and analyses were extended to n =
4-15 except for inert n =3 and 5. The temporal evolution of ion signals for n =4, 7, and
9-14 are shown in Figs. SI-S8 of the Supporting Information, respectively. In each
figure, solid lines present fitting curves to pseudo-first-order rate equations based on the
pathways below each panel. The pseudo-first-order rate constants of each step of

reactions are given above each arrow in ™!

. All the panels (a) represent a pathway that
Agi(NO2)," is formed via Ag,O(NO2),-1" as an intermediate; the panels (b) assume that

Ag,ONO2)-1" and Ag,(NO2)," are formed concurrently from Ag,(NO2)m-1".

12



For n =4 and 9 in Figs. S1 and S3, the best fit was obtained for a pathway that
Ag,O" acts as an intermediate for Ag,NO>" as in the case of n = 6. For n =4 (Fig. S1),
AgsO" appears to be produced first, being followed by formation of AgaNO, ", while Ags*
exhibits an exponential rise to dominate the product ions. The better fits in Fig. S1a rather
than in Fig. S1b suggest that AgsNO>" is formed via Ag4O". For n=9, AggNO;" as well
as AgoNO;" was produced via AgoO™ as shown in Fig. S3. The results for n =4, 6, and 9
are analogous to the reaction of NO reported for silver surfaces, where adsorption of two
NO molecules on a silver surface produces N2O and O at 75-100 K, and further reaction
with another NO molecule produces NO-.!” In the present study of gas-phase clusters,
Ag,ONO2),-1" might be produced from an ion—-molecule complex, Ag,(NO2),-1(NO),",
which is not discernible in the mass spectra, and further reaction of Ag,O(NO),-1" with
another NO molecule produces Ag,(NO2)n".

On the other hand, n» = 7 and 10—12 are similar to n = 8 and 15, suggesting that
Ag,NO," is formed concurrently with Ag,O", not via Ag,O" intermediate. As for n =7
(Fig. S2), Ag7NO," is formed from Ag;" first. For further reaction, Ag7NO3" does not act
as an intermediate for Ag7N2O4*, but Ag7NO3;" and Ag7N»>O4" are concurrently formed
from Ag7NO;". Forn=10 (Fig. S4), Agi0O" and AgioNO>" as well as Ago" and AgoNO,"
are concurrently formed from Agio". In the reaction of n = 12 (Fig. S6), Agi»O" and
Agi2NO:>" are concurrently formed from Agi>" in the first step, which produce Agi2NOs3*
and AgioN2O4", respectively, by further reaction with NO. Agi2N,O4" further reacts with
NO to produce Agi2N3Os", where Agi2N2Os" acts as an intermediate; this step is similar
to the case of n =4, 6, and 9.

Note that both the reaction pathways well-explain the behaviors of kinetics of n =

13 and 14. For n = 14, fitting curves both in Figs. S8a and in S8b reproduce the temporal

13



evolution; it was not possible to determine whether Agi4(NO»)," with m = 2-5 are
successively formed via Agi4O(NO2),-1" as shown in Fig. S8a or not. Similary, the
temporal evolution of ion signals for n =13 was well reproduced by fitting curves both in
Figs. S7a and in S7b.

3.3. Size-Dependent Reactivity. Finally, the overall reaction rate coefficient was
evaluated for each size of Ag,” to show size-dependent reactivity; the extinction rate
constants of the reactant cluster was divided by the number density of NO in the ion trap
under the assumption that the elementary reaction is the first order for NO. Reaction rate
coefficients thus obtained are plotted in Fig. 5 along with reaction rate coefficients against
O: previously measured.” Note that the reactivity of Ags" and Ags" is so low that no
product ion was observed in the present measurement, which is also the case for Ags®,
Ag7’, and Agoy’ reacting with O. In general, reactivity toward NO was found to be about
three orders of magnitude higher, except for n = 3 and 5, than toward O,. The size
dependence shows odd—even alternation in common. The higher reactivity for even 7 is
explained by higher adsorption energies of even-sized Ag,” possessing an odd number of
valence electrons as reported by theoretical studies.®**° The odd—even alternation is
similar to that reported by a previous experimental study;* the magnitude of the
oscillation is different at several sizes probably because of several adjustable conditions

in the experiment such as temperature, reaction time, and flow rate of the NO gas.

4. CONCLUSIONS
We have performed kinetics measurement of the reaction of nitric oxide molecules on
size-selected silver cluster cations, Ag,” (n = 3—18), stored in an ion trap. The kinetics

data were analyzed by fitting to rate equations to find the most probable reaction pathways

14



by examining various possible pathways; pseudo-first-order rate constants of each step
of elementary reactions are thus obtained. Two reaction mechanisms were found for
formation of major reaction products, i.e., Ag,O(NO2),-1" and Ag,(NO2), "

(1) Two NO molecules form neutral NoO and Ag,O", which further reacts with another
NO molecule to produce Ag,NO>"; Ag,(NO)," is thus successively formed via an
intermediate, Ag,O(NO2),-1". This reaction mechanism observed for n = 4, 6, and 9 is
just analogous to that reported for bulk silver surfaces.

(2) Ag,O" and Ag,NO," are formed concurrently from Ag,” exposed to NO molecules.
The direct formation of the NO, adduct from Ag," implies NO disproportionation, i.c.,
three NO molecules are converted to NO2 and N>O via Ag,"(NO)3 complex. These
product ions, Ag,0O" and Ag,NO,", showed successive addition of NO, to produce
Ag,ONO2)»-1" and Ag,(NO2)»", respectively. These reaction channels were found at
least forn=7,8,10, 11, 12, and 15.

The overall reaction coefficient exhibited odd—even alternation, manifesting
exceptionally inert n = 3 and 5 as well. The higher reactivity for even n, possessing an
odd number of valence electrons, is consistent with higher adsorption energies of NO on

even-sized Ag," as previously reported by theoretical studies.
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FIGURE CAPTIONS
Figure 1. Mass spectra of product ions upon reaction of Ag,” with NO molecules for n
=3-18 in panels (a)—(p), respectively. The partial pressure of NO, Pxo, and storage time,

t, are given in each panel.

Figure 2. Reaction kinetics of Age" with NO. The ion signals of the reactant and products
are plotted as a function of storage time; Ags" (closed circles), AgsO™ (closed triangles),
AgsNO>" (closed squares), and Ags”™ (open diamonds). The partial pressure of NO was
estimated to be about 3 x 1073 Pa in the ion trap. Solid lines in panels (a) and (b) are
fitting curves to pseudo-first-order rate equations based on reaction pathway (6A) and

(6B), respectively. The best fit was obtained for (a).

Figure 3. Reaction kinetics of Ags" with NO. The ion signals of the reactant and products
are plotted as a function of storage time; Ags" (closed circles), AgsO™ (closed triangles),
and AgsNO:>" (closed squares). The partial pressure of NO was estimated to be about 6
x 1073 Pa in the ion trap. Solid lines in panels (a) and (b) are fitting curves to pseudo-
first-order rate equations based on reaction pathway (8A) and (8B), respectively. The

best fit was obtained for (b).

Figure 4. Reaction kinetics of Agis* with NO. Minor products are displayed in a
magnified scale in (a") and (b’). The 1on signals of the reactant and products are plotted
as a function of storage time; Agis™ (closed circles), AgisO™ (open squares), AgisNO>"
(closed squares), AgisNOs™ (open diamonds), AgisN2O4" (closed diamonds), AgisN2Os"

open triangles), AgisN3Os" (closed triangles), AgisN3O7" (open inversed triangles),
p
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AgisN4Os" (closed inversed triangles), AgisN4sOo" (open rhombus), and AgisNeO12"
(closed rhombus). The partial pressure of NO was estimated to be about 1 x 1072 Pa in
the ion trap. Solid lines are fitting curves to pseudo-first-order rate equations based on
the reaction pathway shown below each panel. The pseudo-first-order rate constants of
each reaction are given above each arrow in s™!. The best fit was obtained for (b); panel
(aand a') does not reproduce the behaviors of behaviors of AgisN3Os" and minor product

ions.

Figure 5. Reaction rate coefficients of Ag," reacting with NO as a function of cluster
size (closed circle). The rate coefficients with O, are superimposed in gray (closed
square). The value <107'® indicates that no product ion was observed in the present
measurement. Error bars indicate a systematic error of 30% due to the uncertainty in the

partial pressure of NO in the reaction cell.
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