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Abstract

The gas-phase clustering reactions in the systems containing nitromethane were investigated with a pulsed electron-be
high-pressure mass spectrometer. The thermochemical stabifitiés, , , and AS; , , of cluster ions X (CH3NOy),
(n < 4), X =CI, NO,, CH2NO,, CHzNO72 and CHNO4, were determined. For GNO,~ (CH3NOz),,, the binding energies
are found to be significantly lower than those in corresponding cluster ions havin§lOp—, CH,NO,~ and CHNO,~ as
the core ions. This is ascribed to the dispersion of negative charge in #i¢@H core ion for which the methyl-peroxynitrate
structure is postulated.

© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Gas-phase equilibria; Bond enthalpies; Cluster ions; High-pressure mass spectrometer

1. Introduction mochemical stabilities were determined by measuring
the gas-phase equilibria of the clustering reactions
lonic clusters can be viewed as an intermediate state (1) down to the low-temperature limit at which the
of matter between the dilute gas phase and solution CH3NO, vapor starts to condense on the wall of the
[1]. Laboratory studies of ionic clusters provide basic ion source.
information for the elucidation of the gas-to-particle
conversion processes and are of considerable impor-
tance in the context of atmospheric chemistry and @  There is at present considerable interest in the
wide range of atmospheric issufds-4]. environmental effects of N§ and CI, and their
In recent publicationg5,6], we have reported the  clysters. The N@~ ion plays an important role in
results of studies of the gas-phase clustering reactionsjonosphere, stratosphere and tropospH@r8], and
of NO,* (n = 1, 2) with CH,CN and CHNO;. CI~ is believed to be involved in the mechanism of
The present work extends these studies to the neg-heterogeneous reactions on the stratospheric aerosol
ative cluster ions, X(CHaNO2),, (X = CI, NO, particles[9], leading to conversion of the relatively
CH2NO2, CH3NO; and CHNOy) for which the ther-  ynreactive reservoir species such as ClQN@d HCI
to more active forms, Gland HOCI, which can be

“Tel.: 148-22-632-32-21x3253; faxt48-22-632-52-76. photolysed by sunlight to give Cl radicals that can
E-mail address: wincel@ichf.edu.pl (H. Wincel). destroy ozon¢10-12]

X7 (CH3NO2),,—14+ CH3NO, = X (CH3NO2),, (1)
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Here we also report an information on the cluster- and NGQ~(CH3NOy), to larger clusters than previ-
ing reactions of CHNO4~ which is observed under  ously reported17,18] The thermodynamic properties
our laboratory conditions. Such species or its isomeric for CHoNO, ™ (CH3NO»),, and CHNO4~ (CH3NOy),
form may be produced in the atmosphere from methyl- are also obtained for the first time. The present
peroxynitrate (CHO2NO2) which, besides HN© study also allows comparison of the dynamics of
and HNQ, is the most important temporary reservoir the (CHNO),~ cluster decays with those of other
of the nitrogen oxides, NQ in the lower stratosphere ion clusters during diffusion to the ion source walls.
[13,14] Its stratospheric concentration at altitude Due to large dipole moment (3.46 D), the e,
of 10km was estimated to be2.3 x 10~12 [15], molecule can bind the excess electron in two different
and lifetime ranges from 15h up to days at middle ways forming dipole-bound state in which an electron
latitude temperatures (220-226 K)3]. The strato- is bound in the field of the dipole (mostly on the &H
spheric concentration of GIMO, is much lower side), and valence electronic state (mostly located on
(~10-17 [15]), but this species is observéil6] in the —NQ group) [18]. Both anionic states as well
the stratosphere as a ligand molecule in the posi- as their coupling are well experimentally and theo-
tive cluster ions, such as HCH3NO,)(H,0); and retically documentedil8-23] In the CHNO,~ bare
H*(CH3NO,)(CH3CN)(H20), and may also be ob- anion, the valence form is significantly more stable
servable in this region as a ligand in the anionic than the diffuse, dipole-bound state; photoelectron
clusters. spectrg18] led to the electron affinity (EA) values of

A proper treatment of in situ mass spectrometric 124+ 3meV for the dipole-bound and 26 + 0.8 eV
measurements of ion composition in the stratosphere for the valence states. The interaction between these
and troposphere, and a more detailed understandingtwo states yields a pathway for their interconver-
of the atmospheric ion chemistry require an informa- sion[19] and so can open a channel of the electron
tion on the properties of the ions which atmospheric loss via the dipole-bound state. This behaviour may
concentrations are greatly influenced by the extent of have consequences for the dynamics of the decay of
their solvation and stability. Thermodynamic data of (CH3NOy), ™.
clustering reactions contribute to the understanding
of the stability and transformation of ionic clusters,
and are essential in the development of aggrega- 2. Experimental
tion phenomena involving naturally occurring ions
present in the atmosphere. Formation, structure and The measurements were made with a pulsed
energetics of anionic clusters is by itself an impor- electron-beam high-pressure mass spectrometer (PH-
tant problem of physical chemistry and chemical PMS) utilising standard techniqugst]. The reactions
physics. in the ion source were initiated by the bombardment

In a previous study17], Sieck measured the ther- of the reagent gas by 500-1000 eV electron beam (the
mochemical stabilities of the cluster ions, Q@CHs- electron entrance pinhole was 0.1 mm in diameter).
NO2), (n = 1, 2) and NQ~(CH3NO»), but higher The ions produced were sampled through a slit made
solvates have not been investigated so far. Comptonrazor blades (1pm x 2 mm) and magnetically mass
et al. [18] studied the anionic nitromethane clusters analysed. lon detection was provided by a channeltron
using negative ion photoelectron spectroscopy from equipped with a conversion dynode. Mass spectra were
which they deduced the ion—solvent dissociation ener- registered by scanning the spectrometer electromagnet

gies, D(CH3NO,; —CH3NOy) = 0.66+ 0.01 eV and
D(CH3NO»)2 —CH3zNO») = 0.584+0.01eV.

with continuous electron ionisation. Thermodynamic
data were obtained using an electron beam pulsed

The present work extends measurements of the ther-with periods of 9Qus for reaction times 1-6 ms, dur-

modynamic data of (CENO,),~, CI~(CH3NO2),

ing which the intensity of a selected ion was collected
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in a multichannel analyser as a function of its arrival The production of CENO,~ in reaction channel (8a)
time after the electron pulse. The surface of the ion is assumed to proceed in competition with collisional
source was coated with colloidal graphite to prevent stabilisation of the excited dimer [(GNO2)27]*
charging of the surface of the ion exit slit resulted in (Channel 8b).

the decrease of ion intensities in the low-temperature
region. All the experimental data presented here were "
obtained using graphite-coated ion exit slit. —(CH3NO)2™ (8b)

The carrier gas (Nor Hp) at 0.5-5 mbar was puri-
fied by passing it through a liquid Ncooled 4 A
molecular sieve trap. The partial pressure ofs8l,
introduced into the carrier gas was varied over the
0.3—-14 mbar range, dependent on the experimental
conditions.

In the measurements of clustering reactions of CI  CH3NO2™ — CH3NO, + e~ 9)
trace amount of CHGlwere added to the carrier gas
for the production of Ct. The CI~ ion was probably
produced by dissociative electron capture reaction:

e + 2CHgNO, — [(CH3NO2) 2 1*~

In the present experiments, the intensity of the
monomer anion CENO,~ was negligibly small and
was observed only occasionally. This is most likely
due to its short lifetime#( < 1us) with respect to
autodetachmerjiL8,25}

The equilibrium constantsK,—1,, were eval-
uated at each temperature from the expression
Kn_1, = (Iy/I,-1) P, werel,/l,_1 is the measured
€ + CHCIl; — CI~ 4+ CHCl, (2) ion intensity of the corresponding clusters at con-
stant ratio andP is the partial pressure of GNO:..

The thermodynamic valuessH, , , and AS, , ,
were derived from the temperature studies of the
equilibrium constants using the van't Hoff equation
€ + CH3NOy — NOy™ + CHg3 3) Kn-1n = (AH,_; ,/RT) + (AS;,_; ,/R). The mea-
suredK,_1 , for all clustering reactions studied were
found to be independent of the change of partial
pressures of CENO> in the range 0.5-1.4 mbar. The
€ + CH3NOy — CHy;NO>™ +H (4) bending over in the van't Hoff plots was not observed
in the present experiments. This suggests that the col-
lision induced dissociation of cluster ions extracted
O~ 4 CH3NO,; — CH;NO,~ 4 OH %) through the ion slit was negligible.

_ _ The chemicals, B (99.999%), CHNO, (99.9%)
OH™ + CHaNOz = CHaNO,™ +H20 © and C3NO; (99% atom D) were purchased from
The O and OH™ anions could be the products from commercial sources. The GNO, sample used was
dissociation channels of GINO,~ [21] as well as checked by GC/MS analysis which showed no impu-
may come from a trace amount of impurities, such as rities.
O, and HO.

The formation of the parent anion, GNO, ™, pre-
sumably occurs via the three-body thermal electron 3. Results and discussion
attachment processes (7) and (8a):

€ + CH3NOz + M & CH3NO,™ + M @)

The reactant ion N was mainly produced by
reaction (3) on impact of CENO, with secondary
electrons degraded to energy around 0.G&8/25].

The CHNO,~ may be produced by dissociative
electron captur§26]

and also by proton transfer reactidig].

3.1. General description of reactions

~ e Typical mass spectra showing the negative ions
€ + 2CHNO2 — [(CH3NO2)2™] produced in the CBENO/N, mixture are pre-
= CH3NO>™ + CH3NO> (8a) sented inFig. 1 The cluster ions observed include



344 H. Wincel / International Journal of Mass Spectrometry 226 (2003) 341-353

420 107
60 (@) 215
{15
CH,NO, 244
504 10
5 03|21 154/ % 243
=04 1% (1L Ll N
_“: 0 50 100 150 200
(7] 229
q=) 30 1
s |30 (b) 160
c 276
- 120
20 CD,NO, 96110 154168 544
110 126
128] |190
10 ‘ VL e 172 233
50 100 150 200 / 183 /305
l/ 2\90
| l TR, 9 | . N e L.IL -
0 50 100 150 200 250 300 350 400

m/z

Fig. 1. Anion mass spectrum of the 26% gNMD,/NO, gas mixture recorded at source pressure of 3.8 mbafard65 K. The insets show
partial mass spectra of the mixture: (a) 26% BHD,/N2 at 3.8 mbar and” = 301K; (b) 29%CRNO,/N2 at 3.5mbar and” = 340K.
The peaks atmwz 46, 107, 168, 229, 290 assigned to NQCH3NO), (n = 0-4); m/z 93, 154, 215, 276—CkNO4~ (CH3NOy),
(n = 0-3); m/z 121, 182, 243—CHNO, (CH3NOy), (n = 1-3); miz 183, 244, 305—CkNO, (CH3NOy), (n = 2-4); mz 110,
174—NQ,~ (CD3NOy), (n =1, 2); Wz 96, 160—CDRNO,~ (CD3NOp), (n =0, 1); m'z 126, 190—CDBNO,~ (CD3NOp), (n = 1, 2); m/z
128, 192—CRNO,; (CD3NOy), (n =1, 2).

NO27(CH3NOy),,, CH2NO2~(CH3NOy),, (CHs- One possibility is the three-body reaction (10):
NO2),~ and a series of ions atvz 93, 154, 215

and 276, which could correspond to £CH3NO,),,, NGz~ + CH3O2 + M — CH3NO;™ + M

where A~ stands for the core anion ofVz 93. The (M : thirdbody) (10)

ions with m/iz 172 and 233 may be assigned to
A~ (CHgNO),-H20 with » = 1 and 2. The identifi- This reaction is analogous to that observed for the neu-

cation of these series of cluster ions is confirmed by tral reactants, N@and (?%02{ leading to the produc-
the correct isotope shift seen when §NID; is used tion of methyl-peroxynitrate in the lower atmosphere
(see insets in a and Big. 1). In the case of CENO,, [13,14] Since this compound is thermally unstable
the peak of/z 93 shifts to 96. This suggests that the under the normal conditions, it seems unlikely that it
core ion A~ (mz 93) may have the formal structure could be introduced into the ion source as an impurity
CHsNO,~. The fact that the same ions, GNO;~ of the nitromethane samples (gNO> or CD3NOy).
and its analogue CINO,~, are found to be formed ~ AlSO, the methylperoxy radical, G®, may undergo

in the mixtures containing nitromethane (§WD; significant thermal decomposition on metal surfaces
and C3NOgy, respectively) obtained from different [28]. )

suppliers can be considered as an indication that these [N the present experiments, @& could be
species may not be due to the eventual impurities Produced in the ion source by the reaction:

content in. the nitromethane sa.mpl-es bu-t could be CHz + O» + M = CH30, + M (11)
produced in the reactions occurring in the ion source.

The following reactions may be responsible for the The potential-energy surface calculati@®] for the
formation of CHENO4~. reaction CH + Oy predicts that CH adds to Q
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without any energetic barrier. The GHspecies,
needed for the CgD, production, may be generated
from nitromethane during the electron irradiation
(e~ +CH3zNO; — NOz*+CHgz), while O, could be a
minor (about 1 ppm) impurity present in the Narrier
gas. It is worthy to note that aside wateg ® a com-
mon impurity of the carrier gases, and effects of trace
levels of @ on the formation of the oxygen-derived

While the increase of CEHNO,~(CH3NOy), (n = 1,

2) observed after addition of Omay be due to the
production of O (from O), which in reaction (5)
leads to the formation of the G#NIO,~ core anion,
the enhancement in intensities of NQICH3NO),,

(n = 1, 2) and CHNO4~(CH3NOy),, (n = 0, 1)
may be attributed to the production of NO and
CH3NO4~ by the reaction mechanism proposed in

unexpected ions in the PHPMS studies have been Scheme Involving nucleophilic attack of @ on the

reported in several papers (for reviews, 486]).

However, in a view of our previous discussi{si],

the gaseous concentration of €kesulting from the

electron irradiation of CENO, should be about three

orders of magnitude lower than that of gNRO>.

Thus, due to expected very low concentrations of both

reactants involved in the reaction (11), the contribu-

tion of this pathway to the production of GB, (and

as a consequence of this also £4~) will be more

or less negligible under the present experiments.
Another possibility for the formation of C}iNO4~

is the direct termolecular addition j&- CHzNO2] ~ +

M. When a small amount{0.2 mbar) of Q was inten-

tionally added to the CENO»/N2 reaction system at a

carbon atom of CENO,. The anion radical, @, in
aprotic solvents is known to be a strong nucleophile
in gas-phase ion—molecule reactions with a variety of
organic compoundf82-34]

The Sy2-type pathway (12a) is exothermic by
11.1 kcal/mol[35], and is assumed to occur through
the formation of an intermediate ion—neutral complex,
I, which rearranges tbl, for NO,~ displacement re-
action. As the electron affinity EANO,) = 2.30eV
(if not stated otherwise, all thermochemical data have
been taken fronfi35a]) is higher than EACH300) =
1.14 eV (for avalue oiAHs (CH300) = 6.2 kcal/mol,
see[35Db]), the formation of the N@~ ion product
is favoured. The CENO,~ ion may be considered

total pressure of 1.1 mbar (at 350 K), the abundances ofas the collisionally stabilised ion—dipole interme-

NO>~(CH3NOy), (n = 1, 2), CHkNO4~(CH3NOy),

(n =0, 1) and CHNO2~(CH3NOy), (n = 1, 2) were
found to increase by a factor of about 1.4. This obser-
vation suggests that oxygen (azQor Oy) is involved

in the reaction mechanisms leading to the formation of

diate complex,ll, which might rearrange to the
methyl-peroxynitrate structure, GB2NO,~. The
complete answer on the structure of §ND,~ awaits
further experiments, such as mass selected ions and
the MI/CA techniques as well as the computational

the core ions for these clusters. (Note that in none of study of the isomeric structures of GNO4~.
the experiments reported in this paper, the presence of The proposed mechanisrBcheme }lis consistent
0>~ have been observed, presumably because it reactswith the observed temperature dependence measure-

rapidly enough to be below the limit of detectability).

ments presented ifig. 2, which show that with a
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Fig. 2. Temperature dependence of the normalised total intensities of the cluster ions observed in the mass spectra gN@4#,CH

at source pressure of 3.6 mbar.

decrease of the ion source temperature, the total in- already mentioned, this complex can be destroyed

tensity of NGQ~(CH3NOy),, series decreases accom-
panied by increase that of GNO4 (CH3NOy),,
which become the dominant products at the low-
temperature-end of the experiments.

Finally, we cannot rule out the possibility that
CH30, and CH0O4~ may be formed by the reactions

by fragmentation to the monomer species or can be
stabilised by subsequent collision. With a decrease
of temperature, the lifetime of [(G4NO2)271* in-
creases and efficiency of the complex stabilisation is
expected to increase resulting in the increase of the
forward rate leading to the formation of larger cluster

on the ion source surface. Such reactions have beenions (CHsNO»),, .
suggested as responsible for the appearance of the un- In contrast, the series of the cluster ions BiD, ™
expected ions in high-pressure electron-capture mass(CH3NO), is seen to decrease with a decrease of

spectra of many nitrocompoun§0].

Unfortunately, owing to experimental limitations,
we are left with some uncertainty with regard to the
origination of CHNO4~. Nevertheless, the examina-
tion of the clustering reactions of this anion together
with other anionic species seems to be of interest.

Let us now turn to the behaviour of (GNO>),,~
presented inFig. 2 which shows a clear trend in
efficiency of the formation of these clusters with

temperature. As in the case of (gNO>),,~, this is
presumably a consequence of influence of temperature
on the internal energy of the excited (6O2~)* an-

ion (or other species) produced by the electron attach-
ment channel, which leads directly to the &€ND>~

core ion (Reaction 4) or via its precursors, such as
O~ and OH (Reactions 5 and 6).

3.2. Equilibrium measurements for clustering

decrease of temperature. This trend is analogous toreactions

that of CH5NO4~ (CH3NOy),, and can be accounted
for by a consideration of the lifetime of the collision
complex [(CHNO2)2~1* involved in reaction (8). As

The results described above provide a basis for
the observation of the corresponding equilibria for
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Table 1 of the condensation of CG3#NO,. The thermodynamic
Thermochemical datap H? (kcal/mol) andAS? (cal/mol

n=Ln S S data derived from such plots for the all systems studied
K)?, for the gas-phase clustering reactionsT @HzNO,),—1 + ised ifiabl d . d
CHsNO,=Cl~ (CHsNOy), and NG~ (CHsNO,),_1 + CHsNO, are summarise mia_ eslan 2Spme previous ata
=NO,~ (CH3zNOy), from other laboratories are also included in the tables
n  c- NO,~ for comparison. The reporteH/, , andAS, ,
values are the averages of at least three measure-
_AHZ—ln _ASz—ln _AHE—ln _ASZ—ln H H
i . i ’ ments, each obtained from a weighted least-squares
1 ig’gi 0.6 1271'# s i:';i 0.5 f:;i 2 fit of the van't Hoff plots. The error limits show the
2 130405 2464 3 124405 23443 statistical fluctuations; the absolute error from an un-
13.° 18.9 known true value may be greater. The slow decrease
3 111+05  247+3 113+ 08  268+3 of the—AH°_, values withn (Fig. 5 suggests that
4 96+ 1 23+ 4 9.7+ 0.3 272+ 3 n= L

the core ion—ligand interaction involved in the clus-
ter ions is mainly electrostatic in nature. Some irregu-

Results given to the temperature of the van't Hoff plot. However,
since theAS° dependence upon the temperature is smal,

values are approximately equal to those at 298 K. larities in the_AHfzfl,n change sequence are within
aStandard state 1atm. the range of the experimental uncertaingyy 5, and
®Ref. [17]. Tables 1 and Rand cannot be taken into consideration
for the shell formation in these clusters. It is logical
the clustering reactions of the NO, CH;NO,™, to expect that the ion—ligand bond formation in these
CH3NO,~ and CHNO4~ anions with CHNOo. species occurs through the interaction of methyl group

Fig. 3 shows, as an example, the temporal profiles of CH3NO, with the negative charge site of anions.
of CH3NO,~(CH3NOy),, and CHNO,~ (CH3NOy), The results inTable 1demonstrate that the binding
observed in the 26% CHNO,/N, gas mixture. Ap- energy for CF—CHgNO: is slightly stronger than that
proach to equilibrium for reactions (1) were observed of NO,~—CH3NO,. This is probably due to the higher
~300-40Qus after the electron pulse, depending on density of charge on Clcompared to N@™ in which
the experimental conditions. The temperature depen-the negative charge is located upon the O atoms.
dence of the measured equilibrium constants for these The—AH; _, , valuesTable 2 for CH3NO4~ (CHgz
reactions are displayed in the van't Hoff plotgog. 4. NOzy), indicate that these cluster ions are less sta-
The lower limits of temperatures for the measurement ble than the corresponding of GNO,~(CH3NOy),.

of the equilibrium constants correspond to the start This difference can be attributed to the lower charge

Table 2

Thermochemical datay H° (kcal/mol) andA S° (cal/mol K)?, for the gas-phase clustering reactions: 8@, (CHzNOy),,_1 + CH3zNO,=
CHzNOZ_(CHgNOZ)”, CHgNOZ_(CH3N02),l_1 —+ CH3N02;’CH3N02_(CH3N02),1 and CH;NO4_(CH3N02)11—1 + CH3NO,=
CH3NO4~ (CH3NOy),,

n CH2NO2 ™ CH3NO>~ CH3NO4~
_AHiolfl,n _AS)Olfl,n _AH;;fl,n _Aszfl,n —AH371'11 _Aszfl.n
1 159+ 05 25+ 2 15.18+ 0.2 13.0+ 0.8 22+ 3
2 13.3+ 0.7 25+ 2 12.80+ 0.3 23+ 1 10.9+ 0.6 24+ 3
13.34+ 0.2
3 12.6+ 0.5 32+ 2 10.40+ 0.5 22+ 2 9.5+ 0.9 24+ 4
4 1144+ 0.2 33+ 2 8.40+ 0.2 20+ 2 6 ~18

Results given to the temperature of the van't Hoff plot. However, sinceAtfie dependence upon the temperature is small; values
are approximately equal to those at 298 K.

aStandard state 1atm.

b Ref. [18].
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Fig. 3. The temporal profiles of the cluster ions: (a) 884~ (CH3zNOy), (n = 0-3) and (b) CHNO,~ (CH3NOy), (n = 2—4) observed
in the 26% CHNO,/N, mixture at indicated temperatures and a source pressure of 3.8 mbar. Electron pulse widthcl@hnel dwell
time: (a) 30us; (b) 40us; energy of incident electronrs 600 eV. At 4 ms, a short (90s) pulse ¢50V) is applied to the repeller electrode
in order to annihilate all ions produced in the ion source.
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Fig. 4. van't Hoff plots for the equilibria X(CH3NO),—1 + CH3NO,=X~(CH3NOy),, X =(a) Cl; (b) NO&; (c) CH2NOg;
(d) CHsNOgy; (e) CHsNO4. The numbers shown in the figures correspond to the value of
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Fig. 5. Then dependence of the bond energieaAH*® (kcal/mol) of the cluster ions: CKCH3NO,), (H); NO,~(CHzNOy), (O);

n—1,n

CH2NO2 ™ (CH3NOy), (A), CH3NO2~ (CH3NOy), (V) (for n = 1, see ref[18]); CH3NO4~ (CH3NOy), (’)

density localised on the negative sites of the core the first two additions to both core ions are thought
ion CHzNO4~. This is in keeping with the possible to involve attack of methyl group of GO, upon
methyl-peroxynitrate structure for this species. O atoms of CHNO2~ and CHNO>~, the next two
Inthe case of CBNO,~ (CH3NOy),, and CHNO,™ ligands in CHNO>~(CH3NOy),, may be expected to
(CH3NOy),, the —AH, ,  values forn = 1 and form a structure of typélla, in which C---H hydro-
2 are nearly the same but at higher n the solva- gen bond formation is probable, since the C atom of
tion of CHsNO2,~ becomes less favourable than the CHNO>~ core ion must be considered as bearing
CH2NO2~. Furthermore, the—AS? values of some degree of negative charge; another possibility is

n—1,n

CH>NO27-(CH3NOy),, are found Table 2 to be a hydrogen bonded structure suchl Hb.

\ \ / H OL  O=Ha H= 0O,
H/C—H - H_(_l:/\H AN ~ rl\l ]
| -
H C
oN~o... ,L ......... o-Nvo O\, ey
VRN /7 '\
O Q O 0
MoK H H H
H H N/
-n H-c ;C'— H H=C|
f \ NO
NO, NO, NO, )
llla lilb

considerably larger than those of corresponding In such structures, a partial=8l double bond in
CH3NO,~(CH3NO»),. These results may reflect the CH;NO,™ as well as an intracluster hydrogen bonding
difference in the structures of the cluster ions. While could preclude rotation around the C—N bond and the
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bending motions of the bonds between i, ~ and larger clusters in the measurements performed under
CH3NOs providing rigidity of these structures mani- the same experimental conditions and gas phase com-
fested by the-AS; ,  values. position in the temperature range of 265-348 K. (Note
Since the—AS;_lyn values for CHNO,~(CHgz- that for non-reactive ion, the loss of intensity with time
NOy), are found to be relatively smalleifgble 2, represents the decay due to ion diffusion to the walls

the CHNO, ligands in these clusters must have of the ion source.)

more freedoms of motion (more flexible) than those  These observations imply that in the case of
in CH2NO2~(CH3NO»),,. The photoelectron spectra  CH3NO,~(CH3NO2),, some reaction superimposes
of CHzNO,>7(CH3NOp), (n = 0-2) provided an on their diffusive loss. Although we cannot exclude
experimental indication that the excess of charge in the possibility that the reactive disappearance of these
these clusters is localised on one §HMD, molecule, clusters is due to some ion—molecule reaction with
and the CHNO,~ anions produced by evaporation eventual impurities, but it seems likely that the ob-
from (CHsNOy)>,~ and larger clusters are in va- served behaviour in relatively rapid decay of these
lence stateq18]. In this respect, the (C4NOy),~ species is a consequence of the dual anionic character
anions should be more appropriately represented asof CH3NO,~. As discussed in the Introduction, the
CH3NO2~(CH3NOy),,. Taking into consideration all  interconversion between the dipole and valence states
these results and assuming that in the 38B,~ yields a pathway to electron loss. Thus, one may
valence core anion the excess electron occupation isspeculate that this pathway can also open an avenue
largely associated with —NfQgroup, it seems reason-  to the intracluster transfer for an excess electron what
able to propose that the third and fourth ligand addi- in consequence could led to more efficient mecha-
tions in CHNO2~(CH3NOy),, occur to the oxygen nism of the loss of CENO,~(CH3NO3y), due to the
atoms of the core ion, as shown in structlive.

OQN\C/H H\C/Noz OQN\CIH
W\ 7~ Ny
! H H H H
. SN /O e s H
Hy /H" N H, " | |
/C‘H | 10 H’?“H-..___. VRN
ON PN NO, H O O
H | TH H v
" H7NO,
IVa Vb
The isomeric structurB/b is also possible and may
be formed by attachment of the GNO, neutrals to intracluster or/and intramolecular electron transfer
the oxygen atom of the cyclic dimer, (GNO2)2~. during “diffusion” of these clusters to the walls of the

The CNDO calculation$36] on the CHNO, dimer ion source.

predict that the hydrogen bonded cyclic structure is  Since the ratios of the rate constants of the

the most stable. In the present case, the ionised form CHzNO,~(CH3NOy),, decay to those of other cluster

of such structure can arise from reaction (8b). ions, X (CH3NO2),, X = CI, NO2, CH,NO, and
From Fig. 6 it is seen that the loss of GNO,>™ CH3NO4, measured at different temperatures from

(CH3NO:,), is remarkably more rapid than those of the slopes of the plots of log(lon signal) versus time,

other clusters. A similar differences in the dynamics such as shown irFig. 6, are found to yield within

of decay between these series of cluster ions havethe experimental error the same value of 2.4, contri-

been also observed for the corresponding smaller andbution of the reactive loss of GO, (CH3NO»),
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Fig. 6. lon intensity of the indicated ion clusters as a function of time aftgu®@lectron pulse observed in the 26% {DHD,/N, mixture
at a constant source temperature of 289K and a constant total pressure of 3.8 mbar.

due to the shifting in the equilibrium sequence, the possibility for observation of C([CH3NOy), and

CH3NO>~ (CH3NO»),, — — CH3NO»™
CH3NO2 + e, is expected to be negligible.

—

4. Conclusions

In this work, gas-phase clustering reactions between

CH3NO4~ and five anions, Cl, NO,~, CHoNO> ™,
CH3NO>~ and CHNO4~, have been investigated
down to the condensation point of the sample
vapour. The addition reactions with GNO>~ and
CH3NO4~ show an increasing efficiency with de-

creasing temperature. This trend is consistent with the

concept of collision-complex lifetimes. A series of
CH3NO4~ (CH3NOy),, becomes the dominant product
ions at the low-temperature-end of the experiments.

The thermochemical data obtained in the present

and previous studigd.7] show that the bond energies
D(X~™—CHzNOy) for X = Cl and NQ are close to
the corresponding valueB(X~—H20). The fact that
the stratospheric concentration of waterlQ—° [37])

is much higher than that of GO, (~10-17 [15]),

NO,~(CH3NOy), in the stratosphere seems to be very
little probable.
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