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Abstract

An inductively coupled plasma/selected-ion flow tube (ICP/SIFT) tandem mass spectrometer has been employed in a systematic survey of the
room-temperature kinetics of reactions of NO with 13 atomic lanthanide cations from Ce+ to Lu+ (excluding Pm+). The atomic ions are produced
at ca. 5500 K in an ICP source and are allowed to decay radiatively and to thermalize by collisions with Ar and He atoms prior to reaction in
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elium buffer gas at 0.35± 0.01 Torr and 295± 2 K. All lanthanide cations were observed to exhibit some reactivity towards NO, almost exclu
esulting in LnO+ formation. Reactions were observed that are both first and second order in NO. Periodic trends in the measured reaction
or direct exothermic O atom transfer correlate with trends in the energy required to promote an electron in Ln+ to achieve either a d1s1 or a d2

xcited electronic configuration in which two non-f-electrons are available for bonding. No such correlation is apparent for the remainings.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Our recent laboratory measurements of reactions of atomic
anthanide cations with the oxygen-containing gases N2O and

2 have shown that the unique electronic configurations of lan-
hanide cations lead to unique trends in the kinetics of oxidation
f these cations across the periodic table[1]. As early as 1988,
chilling and Beauchamp[2] had proposed that electron pro-
otion from the 4fn6s1 ground state to the 4fn−15d16s1 excited

tate was required for these cations to be effective in CH and
C bond activation and insertion and this has been borne out

y the plethora of investigations into lanthanide hydrocarbon
on chemistry that followed[3]. Our results with N2O have
hown that electron promotion also is required (to provide two
npaired non-f-electrons) for bonding with atomic oxygen in the

ormation of LnO+ in reactions of lanthanide cations with N2O
1]. Triplet oxygen in comparison reacts more readily, appar-
ntly by using one or more of the unpaired electrons to initiate

∗ Corresponding author. Tel.: +1 416 736 2100; fax: +1 416 736 5936.

binding. The electron promotion that is clearly required w
N2O gives rise to a periodic dependence of the efficiency o
atom transfer on the electron promotion energy and intrig
Arrhenius-like dependencies of the efficiency on the elec
promotion energy which exhibit different characteristic tem
atures for the early and late lanthanide cations. A recent bo
configuration analysis by Gibson[4] suggests that two unpair
5d valence electrons rather than a 5d and a 6s electron affe
bonding between the metal centre and the oxygen atom in
thanide oxide cations. The variations in the promotion ene
required to achieve either 5d2 or 5d16s1 excitation are qualita
tively similar across the lanthanides and so give rise to sim
predictions of the periodic and Arrhenius-like dependencie
the efficiencies of O-atom transfer on the electron promo
energy.

Here we report results of reactions of lanthanide cat
with another oxygen gas, nitric oxide. We shall see tha
radical nature and high bond energy of NO gives rise to
kinetic insight into the lanthanide cation chemistry of oxyg
containing gases.

We present a room-temperature survey of gas-phase rea
+
E-mail address: dkbohme@yorku.ca (D.K. Bohme). of NO with all the lanthanide cations (except Pmwhich does
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not have a stable isotope) as part of a more extensive study of
the reactions of atomic cations with NO[5,6]. We are aware of
only one previous investigation of lanthanide cation reactions
with NO. Ion beam studies in 1988[2] provided cross-sections
of 4.8 and 16̊A2 at a centre-of-mass energy of approximately
0.25 eV for the reactions of Gd+ and Pr+ with NO to produce
GdO+ and PrO+, respectively. There appear to be no previ-
ous room-temperature studies of the kinetics of any of the 13
lanthanide–cation reactions with NO reported here (other than
our study of the reaction with La+ [6]).

2. Experimental method

The experimental results reported here were obtained using
the selected-ion flow tube (SIFT) tandem mass spectrometer in
the Ion-Chemistry Laboratory at York University, described in
detail elsewhere[7,8]. Recently, it has been modified to accept
ions generated in an inductively coupled plasma (ICP) torch
through an atmosphere/vacuum interface (ELAN series, Perkin-
Elmer SCIEX). The ICP ion source and interface have also been
described previously[9,10]. Solutions containing the metal salt
of interest having concentration of ca. 5�g l−1 were peristalti-
cally pumped via a nebulizer into the plasma. The plasma gas
flow was adjusted to maximize the ion signal detected down-
stream of the SIFT. The sample solutions were prepared using
atomic spectroscopy standard solutions commercially available
f Sci-
e s of
s pro-
d he
fi l to
a lly, a
s cipi
t r
K

al
i ns.
A eri-
e iona
e n as
t sion
w
t ation
( to
a wee
t egio
i s to
t lec-
t tron
a rity
T ansi
t al
s t
i any
l

the
q Ar

and He ensure that the atomic ions reach a translational tem-
perature equal to the tube temperature of 295± 2 K prior to
entering the reaction region. The helium buffer gas pressure
was 0.35± 0.01 Torr. Clues to the presence of excited electronic
states of the atomic ions in the reaction region can be found in
the products observed and in the shape of the semi-logarithmic
decay of the reacting atomic ion measured upon addition of neu-
tral reactant.

The NO reagent gas had a nominal purity of 99.5% (BOC
Gases) within the gas tank. In situ chemical ionization experi-
ments with atomic metal cations derived from the ICP source
provided further insight into the levels of impuritieswithin the
reaction region. In separate experiments[5] we have found that
some metal oxide ions (ScO+, ZrO+ and LaO+) react with NO2
to produce NO+ but do not form NO+ with NO. Therefore, the
failure to observe downstream NO+ with these metal oxide ions
with added NO can provide an upper limit to the level of NO2
impurity in the NO. Such experiments have provided a conser-
vative upper limit of 0.5%. An analogous approach was used
to arrive at an upper limit of 1% to the level of N2O impu-
rity in NO. In this case CeN+ was used as the indicator since
our experiments established that Ce+ reacts with N2O to pro-
duce CeN+ with k = 1.3× 10−10 cm3 molecule−1 s−1 [10]. No
CeN+ was observed when NO was added to Ce+. Also, failure
to observe AsO+ with added NO indicated levels for possible
N O impurities, of less than 0.1% in the reaction region since
w
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rom SPEX, Teknolab, J.T. Baker Chemical Co., Fisher
ntific Company, Perkin-Elmer and Alfa Products. Aliquot
tandard solutions were diluted with highly purified water
uced in the Millipore Milli-Qplus ultra-pure water system. T
nal concentrations were varied within 5–20 ppm interva
chieve suitable intensity of the resultant ion beam. Norma
tabilizing agent was added to each solution to prevent pre
ation. That was either HNO3 or HCl for acid-stabilized salts o
OH for those base-stabilized.

Atomic ions are initially formed within the ICP at a nomin
on temperature of 5500 K with Boltzmann state distributio
fter extraction from the ICP, the plasma ions may exp
nce both radiative electronic-state relaxation and collis
lectronic-state relaxation. The latter may occur with argo

he extracted plasma cools upon sampling and then by colli
ith He atoms in the flow tube (ca. 4× 105 collisions) prior to

he reaction region, but the actual extent of electronic relax
either radiative or collisional) is not known and is difficult
ssess. The time interval in the ICP/SIFT experiments bet

he exit of the ICP source and the entrance in the reaction r
s ∼10 ms and there is enough time for major modification
he original state distributions to occur by radiative decay. E
ronic states of the lanthanides, due to presence of f-elec
re a mixture of states with both positive and negative pa
his means that there is a large number of parity allowed tr

ions that will occur quickly (∼10−8 s), and change the origin
tate distribution from the ICP. La+ itself is an exception in tha
t behaves like a transition-metal ion since it does not have
ow-lying states with occupied f-orbitals.

The extent of electronic relaxation by collisions with
uite polarizable Ar atoms is uncertain, but collisions with
-
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e have shown that As+ reacts with N2O to produce AsO+

k = 2.7× 10−10 cm3 molecule−1 s−1) [11] and it is known now
hat subsequent electron transfer from NO to AsO+ is endother
ic [S. Petrie, private communication. The adiabatic IE(A
as been determined to be 8.290 eV at the CCSD(T)/AUG
V5Z//CCSD/AUG-cc-pVTZ level of theory, with ZPE calc

ated at B3-LYP/AUG-cc-pVTZ, with correlation of electro
ther than O 1s and As 1s through 3p]. So we can exclud
ation of significant amounts of NO2 and N2O nitrogen oxide

rom reactions of NO with possible impurities such as H2O or
2 in the inlet system which of course is continuously flus
ith NO during a reaction measurement. There was als

ndication of (NO)2+ formation from (NO)2 dimer in any o
he experiments. The known dissociation constant of (NO2 is
.6× 1023 molecules cm−3 at room temperature[12] and this is

arge enough to keep the dimer concentration below 10−5% of
he monomer in the flow tube. In situ chemical ionization exp
ents with Ar2+ derived from the ICP source (which is expec

o undergo electron transfer with N2O and NO2) and As+ (which
e have found to react rapidly with N2O to produce AsO+ with
= 2.7× 10−10 cm3 molecule−1 s−1) indicated levels for thes

wo possible impurity gases of less than 0.1%.
Reaction rate coefficients were determined in the usual

er using pseudo-first-order kinetics[7,8]. The rate coefficien
or the primary and consecutive reactions reported herein
n absolute accuracy of±30%.

. Experimental results

All lanthanide cations were observed to exhibit so
eactivity towards NO, almost exclusively resulting in Ln+
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Fig. 1. Summary of results for reactions of lanthanide cations with NO. Reactions first order in NO (top) and reactions assumed to be second order in NO (bottom)
are indicated separately. The right-hand scale (bottom) is a measure of the branching ratio of the reaction products (for Yb+ only). The numbers in parentheses
represent the number of sequential O-atom transfer reactions that were observed.

formation. Only Yb+ exhibits NO+ formation in addition
to YbO+ formation, but only as a minor channel (5%). The
overview of the chemistry surveyed is given inFig. 1, while the
summary of the rate coefficients and product distributions is
given inTable 1. Also included inTable 1are calculated reaction
efficiencies expressed ask/kc. The collision rate coefficients,kc,
are calculated using the algorithm of the modified variational
transition-state/classical trajectory theory developed by Su
and Chesnavich[13] with α(NO) = 1.70× 10−24 cm3 and
µD = 0.161 Debye[14]. We have reported previously a value
of k = 2.6× 10−10 cm3 molecule−1 s−1 (k/kc = 0.40) for the
reaction of La+ with NO to produce LaO+ [6].

Our results for Gd+ and Pr+ with k = (2.6± 0.8)× 10−10 and
(2.1± 0.6)× 10−10 cm3 molecule−1 s−1, respectively, are con-
sistent with the previously reported ion beam results at higher
energies[2], but we did not observe the enhanced (×3) reactivity
of Pr+ compared to that of Gd+. Perhaps the reaction with Pr+

has a stronger positive energy dependence than that with Gd+.
Lanthanide cations appear to be oxidized by NO under our

experimental operating conditions in two distinctly different
ways. Cations with O-atom affinity higher than that of N,
OA(Ln) ≥ 150.9± 0.2 kcal mol−1 [15], react by first-order O-
atom transfer in NO according to reaction(1). These include
La+, Ce+, Pr+, Nd+, Gd+ and Tb+ (seeTable 2). Examples of

Table 1
Rate coefficients (cm3 molecule−1 s−1), reaction efficiencies (k/kc) and higher order product ions measured for reactions of lanthanide cations with nitric oxide in
helium at 0.35± 0.01 Torr and 295± 2 K

Reaction ka kc
b k/kc Higher order product ions

La+ + NO→ LaO+ + N 2.6× 10−10 6.5× 10−10 0.40
Ce+ + NO→ CeO+ + N 5.8× 10−10 6.5× 10−10 0.89 CeO2

+

Pr+ + NO→ PrO+ + N 2.1× 10−10 6.5× 10−10 0.32
Nd+ + NO→ NdO+ + N 3.8× 10−11 6.5× 10−10 0.060 NdO2

+, NdO2
+(NO)

Sm+ + NO + NO→ SmO+ + N2O 2.2× 10−11 6.4× 10−10 0.034
Eu+ + NO + NO→ EuO+ + N2O 1.1× 10−11 6.4× 10−10 0.017
Gd+ + NO→ GdO+ + N 2.6× 10−10 6.4× 10−10 0.41 NO+

Tb+ + NO→ TbO+ + N 4.6× 10−11 6.4× 10−10 0.072 NO+, TbO+(NO)
Dy+ + NO + NO→ DyO+ + N2O 2.9× 10−11 6.4× 10−10 0.045 NO+

H + + −11 −10

E
T

Y
Y

L

unce
d var h

[

o + NO + NO→ HoO + N2O 1.7× 10
r+ + NO + NO→ ErO+ + NO 2.9× 10−11

m+ + NO + NO→ TmO+ + NO 1.3× 10−11

b+ + NO + NO→ YbO+ + NO (0.95) 5.9× 10−12

b+ + NO + NO→ NO+ + YbNO (0.05)

u+ + NO + NO→ LuO+ + NO 1.3× 10−11

a Effective bimolecular rate coefficient first order in NO. The estimated
b Collision rate coefficient calculated using the algorithm of the modifie

13].
6.4× 10 0.027
6.4× 10−10 0.027 NO+

6.4× 10−10 0.020 NO+

6.4× 10−10 0.0092

6.4× 10−10 0.020

rtainty is±30%.
iational transition-state/classical trajectory theory developed by Su and Chesnavic
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Table 2
Thermodynamic and electronic properties for lanthanide cations

Ln+ ground Ln+ state valence configuration Ln+ term symbol Promotion energya to 5d1 6s1 IE(Ln)b (eV) IE(LnO)b (eV) OA(Ln+)c (kcal mol−1)

La+ 5d2 3F2 4.5± 3.0 5.58 4.90 206.6± 3.4
Ce+ 4f15d2 4H7/2

0 4.6± 5.7 5.54 4.90 203.6± 5.9
Pr+ 4f36s1 (9/2, 1/2)40 22.3± 0.8 5.47 4.90 189.6± 4.3
Nd+ 4f46s1 6I7/2 34.8± 8.3 5.53 4.97 180.8± 4.3
Pm+ 4f56s1 7H2

0 46.4± 7.2 5.58 – –
Sm+ 4f66s1 8F1/2 62.1± 5.8 5.64 5.55 139.6± 4.3
Eu+ 4f76s1 9S4

0 92.8± 5.0 5.67 6.48 93.2± 4.3
Gd+ 4f75d16s1 10D5/2

0 0.0 6.15 5.75 180.0± 4.3
Tb+ 4f96s1 (15/2, 1/2)80 9.3± 8.1 5.86 5.62 171.0± 5.9
Dy+ 4f106s1 (8, 1/2)17/2 36.0± 6.1 5.94 6.08 143.4± 5.9
Ho+ 4f116s1 (15/2, 1/2)80 37.8± 5.4 6.02 6.17 141.3± 4.3
Er+ 4f126s1 (6, 1/2)13/2 34.5± 3.1 6.11 6.30 140.3± 4.3
Tm+ 4f136s1 (7/2, 1/2)40 55.5± 7.4 6.18 6.44 116.6± 4.3
Yb+ 4f146s1 2S1/2 79.4± 4.0 6.25 6.55 88.1± 5.9
Lu+ 4f146s2 1S0 36.6± 3.6 5.43 6.79 128.0± 4.3

a In kcal mol−1 from Reference[1] with the correct value for Tm+ which had been wrongly assigned in Reference[1].
b From Reference[15]. The error on all numbers is quoted as±0.1 eV.
c Based on values for�H◦

f (LnO), �H◦
f (Ln), �H◦

f (O), IE(Ln) and IE(LnO) found in Reference[15].

this observed chemistry are shown inFig. 2.

Ln+ + NO → LnO+ + N (1)

LnO+ formation was also seen in the reactions of NO with
Ln+ cations for which direct O-atom transfer is endothermic,
often highly endothermic. We have attributed this formation to
reactions second order in NO (reaction(2)).

Ln+ + 2NO → LnO+ + N2O (2)

A similar situation was encountered in our study of NO reactions
with many other atomic cations on the periodic table[6] and we
have demonstrated that these reactions are second order in NO,
driven by exothermic N2O formation, according to reactions(3a)

and(3b).

M+ + NO → (MNO+)∗ (3a)

(MNO+)∗ + NO → MO+ + N2O (3b)

Examples of such chemistry observed with atomic lanthanide
cations are given inFig. 3. Reaction(2) is exothermic when
OA(Ln+) > OA(N)–D(N–NO) = 36 kcal mol−1 and this is the
case for all of the atomic ions investigated (seeTable 2).

Yb+ shows an additional small (5%) NO+ formation channel
that is endothermic by 3 eV for direct electron transfer from NO
to ground-state Yb+. It is highly unlikely that electron transfer
can be attributed to the presence of excited Yb+* states since only
a very minute percentage of the Yb+ cations (<0.1%) coming out
of the plasma at 5500 K will have energies higher than 3 eV. We

nitric
Fig. 2. ICP/SIFT results for the reaction of Ce+ and Gd+ with
 oxide in helium buffer gas at 0.35± 0.01 Torr and 295± 2 K.
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Fig. 3. ICP/SIFT results for the reaction of Dy+ and Yb+ with nitric oxide in helium buffer gas at 0.35± 0.01 Torr and 295± 2 K.

therefore attribute the formation of NO+ to a second-order reac-
tion (reaction(4b)), again as we have done previously for NO+

production observed with other atomic cations on the periodic
table for which direct electron transfer with NO is endothermic.

Yb+ + 2NO → YbO+ + N2O (0.95) (4a)

Yb+ + 2NO → NO+ + YbNO (0.05) (4b)

The 3 eV energy difference in this case would be provided
by the formation of the neutral metal nitrosyl bond. Reac-
tion (4b) is exothermic when IE(X) > IE(NO)–D(X–NO) or
9.264 eV–D298(X–NO). With IE(Yb) = 6.25 eV (seeTable 2),
Yb has the highest ionization energy of all the lanthanides.
This means that NO+ formation would be energetically most
favourable with Yb+ among all the lanthanide cations investi-
gated if D(Ln NO) remains unchanged across the lanthanide
series as might be expected if f-electrons are not involved in
Ln NO bonding.

3.1. First-order primary chemistry

Table 1shows that the exothermic O-atom transfer reactions
of La+, Ce+, Pr+, Nd+, Gd+ and Tb+ with NO exhibit a large
range in the magnitude of the reaction rate coefficient (from
5.8× 10−10 to 3.8× 10−11 cm3 molecule−1 s−1) and reaction
efficiency (0.89–0.060). The rate drops across the lanthanide
r (se
F the
e e
4 with
N ith
i

ctio
e OA
( ncy

is apparent with increasing OA (Ln+) and this may reflect an
inverse dependence of the O-atom affinity on the electron pro-
motion energy of Ln+ to either 5d16s1 or 5d2 (seeTable 1and
Reference[4]).

Fig. 5(left) shows the dependence of the reaction efficiency
(k/kc) on the 5d16s1 electron promotion energy in an Arrhenius-
like plot. Unlike the similar dependency that we have explored
with N2O [1], this data set is very limited: four cations for the
early and two for the late lanthanides. Despite these limitations,
the reduction in reaction efficiency with increasing d1s1 elec-

F
o e.
k coeffi-
c
O e and
e ft
o

ow in the case of both the early and late lanthanides
ig. 1). Also, the reaction rate or efficiency correlates with
lectron promotion energy from the 4fn6s1 ground state to th
fn−15d16s1 excited state as we have observed previously
2O [1] or to the 5d2 excited. The reaction efficiency falls w

ncreasing promotion energy.
Fig. 4 displays the dependence of the measured rea

fficiency on the exothermicity of O-atom transfer when
Ln+) > OA(N). A rough, yet systematic, increase in efficie
e

n

ig. 4. Semi-logarithmic dependence of the efficiency,k/kc, for LnO+ formation
n the O-atom affinity, OA(Ln+), in reactions of atomic cations with nitric oxid
represents the measured first-order or pseudo-first-order reaction rate
ient andkc is the calculated collision rate coefficient (seeTable 1). Bimolecular
-atom transfer reactions are exothermic on the right of the dashed lin
ndothermic on the left. Termolecular LnO+ formation is exothermic to the le
f the dashed line.
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Fig. 5. Dependence of the reaction efficiency on the promotion energy from the ground to the fns1d1 electronic state. Shown are dependencies for the XO+ formation
that is first order in NO (left) and second order in NO (right). Solid circles represent early, while open circles represent late lanthanide cations. (Left) The two slopes
provide characteristic temperatures of 7500 K (early Ln) and 3000 K (late Ln), respectively.

tron promotion energy appears to follow the same Arrhenius-like
dependence with “characteristic temperatures” in this case of ca.
7500 K (early Ln) and 3000 K (late Ln), respectively. The plot
for the d2 electron promotion energy again is of similar qual-
ity and yields characteristic temperatures of 9000 and 4500 K,
respectively. Both sets of temperatures are lower than the val-
ues of 22,000 and 6100 K that we obtained with N2O but their
uncertainties are much higher and a comparison is probably not
warranted.

3.2. Second-order primary chemistry

Fig. 4also displays the dependence of the measured reaction
efficiency on OA(Ln+) when OA(Ln+) < OA(N). In this case
there is a mild increase in efficiency with increasing exother-
micity. The standard enthalpy change for the reactions second
order in NO is given by�H◦

298 = OA(N)–D(N–NO)–OA(Ln+)
or �H◦

298 = 36 kcal mol−1–OA(Ln+).
Unlike the Ln+ cations that exhibit chemistry first order in

NO, the cations leading to product ions attributed to reactions
second order in NO do not exhibit an Arrhenius-like depen-
dence of reaction efficiency on electron promotion energy (see
Fig. 5(right)). This is understandable, since LnO+ or NO+ forma-
tion is achieved through an intermediate molecular (LnNO+)*

species rather than directly by the atomic lanthanide cation. The
e s its
i

3

O
t in
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i the
e
o
D ete
( th
N

u ard.

Table 2 shows that IE(LnO) < 6.8 eV which is less than
IE(NO) = 9.26436± 0.00006 eV[15] so that electron transfer
from NO to ground-state LnO+ is quite endothermic in all
cases. If electron transfer from NO is to occur with excited
LnO+* cations, the excess of energy possessed by the LnO+

cations would have to range from 2.45 eV (for LuO+) to 3.5 eV
(for GdO+). This is possible for some of the cations (DyO+,
ErO+ and TmO+) but it would require that a large proportion
(65–85%) of the excess energy in the LnO+ formation reaction
(between Ln+ and two NO molecules) is retained by the
LnO+ cation until it collides with another NO molecule. The
formation of NO+ from LnO+ by reaction(5) which is second
order in NO may be more likely, but we cannot completely
discount electron transfer from NO to excited LnO+* ions.

LnO+ + 2NO → NO+ + LnONO (5)

4. Conclusions

All of the 13 atomic lanthanide cations that were investigated
are oxidized by NO to form LnO+ in reactions with either one
or two NO molecules, the latter being driven by the formation
of N2O molecules. The efficiency of the direct exothermic O-
atom transfer from one NO molecule to Ln+ correlates with the
energy required to promote an electron in Ln+ to achieve either
a 1 1 2 o
n mo-
t ining
t ight
l n NO
a y
l four
e ws
a y on
e ned
t

y for-
m or-
m ions
a two
N lec-
t t be
lectron promotion in the lanthanide cation therefore lose
mportance in determining reaction efficiency.

.3. Higher order chemistry

Many of the LnO+ cations undergo further reaction with N
o produce either LnO2+ or NO+, but the observed decay
nO+ was insufficient to assign a rate coefficient, or eve

imiting value. The observed higher order products are inclu
n Table 1. LnO2

+ formation was observed with the oxides of
arly lanthanides CeO+ and NdO+ while the NO+ formation was
bserved with the oxides of the late lanthanides GdO+, TbO+,
yO+, ErO+ and TmO+. NO addition was observed to comp

0.5/0.5) only in the reaction with TbO+ and was also seen wi
dO2

+.
Understanding the mechanism of NO+ formation

nder our experimental conditions is not straightforw
d s or a d excited electronic configuration in which tw
on-f-electrons are available for bonding. The electron pro

ion in the lanthanide cation loses its importance in determ
he observed efficiency of the oxidation of the remaining e
anthanide cations that is proposed to be second order i
nd so to proceed through an (LnNO)+* intermediate. The ver

imited data set for direct exothermic O-atom transfer (
arly, including La+, and two late lanthanide cations) sho
n Arrhenius-like dependence of O-atom transfer efficienc
lectron promotion energy similar to, but much less well defi

han, that found previously with N2O.
The observed higher order chemistry proceeds either b

ation of LnO2
+ from early lanthanide oxide cations or the f

ation of NO+ from late lanthanide oxide cations. These cat
re most likely the products of termolecular reactions with
O molecules, although contributions from bimolecular e

ron transfer to excited LnO+ cations in several cases canno
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excluded (DyO+, ErO+ and TmO+). The work reported here, to
our knowledge, represents the first experimental kinetic study
of room-temperature reactions of lanthanide cations with NO.
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