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Abstract

The gas-phase negative ion—molecule reactionsHERO, have been investigated by pulsed electron-beam high-pressure mass spectrom-
eter. Association of ¢HsNO, with O, leading to GHsNO,~ and its clusters was observed, increasing in relative importance with decreasing
temperature. The clustering reactions(@,HsNO,),_1 + C;HsNO,2A~ (C;HsNO,),, for A = NO,, C,H3NO,, C,H4NO,, C,HsNO, and
C2HsNO, were studied, and the thermochemical dat&l; , , andAS; _, ,, for these reactions were determined. The decay rates found for
CH3NO,~(CH3NOy), and GHsNO,~(C,HsNOy), are significantly higher than those of other clusters studied. We consider the influence of
the dipole-bound states of the core anionsz88,~ and GHsNO,~, on the transport dynamics of their clusters.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cluster and intermolecular transfer of an excess electron in
CH3NO2~(CH3NOy),, providing more efficient loss of these

Nitroalkanes are interesting in various respects. From aclusters.
practical point of view, interest in aliphatic nitro compounds In the present paper, we report the first (to our knowl-
arises because of their explosive and propellant significanceedge) studies of the clustering reactions gHgNO, with
as well as their relevance to the atmospheric chemistry. Froma number of anions produced inlsNO2/N2 gas mix-
the fundamental point of view, nitroalkanes are of interest tures. Contrary to the wealth of information on the properties
since they have large dipole moments. It is well known that of CH3NO>™ anions, the investigations orn,BsNO,>~ are
if the dipole moment of the system exceed2.5 Debye, rather scarce. Lunt et 4lL1] measured absolute total integral
then the “dipole-bound anion” may be formgd-3]. Much and total backward scattering cross-sections fa£NO,
attention has been directed recently to the formation andin the energy range from 50 meV to 1.2eV. Dissociative
properties of the dipole and valence states of nitromethaneelectron attachment to ;EisNO, has been the subject of
anion, CHNO, ™, and its cluster$4—9]. several investigationgl2—14] In a recent study, Méark and

In a recent worK10], we studied the gas-phase clustering co-workers[14] reported the absolute partial cross-sections
reactions X (CH3NO»),_1 + CH3NO2 = X~ (CH3NO>), for the formation of eight fragment negative ions (NQ
(X = CI, NO2, CH2NO2, CH3NO2 and CHNO4) and ther- CoH3NO,~, O—, OH~, CN—, CNO~, HCN~ and NO") by
mochemical stabilities for X(CH3NOy),, with n < 4 were electron attachment to€lsNO> in the gaseous phase under
determined. It has been shown that the dynamics of the decaycollision-free conditions.
of CH3NO>~(CH3NOy), is remarkably faster than those of The main objective of the present study is to obtain in-
other clusters studiefd 0]. This effect is discussed in terms formation on the thermochemical stability of the cluster
of a mechanism in which interconversion between valence ions A~ (CoHsNO2),, (A = NO2, CoH3NO2, CoH4NO,
and dipole states of C#NO,~ acts as a gateway to intra- CyHsNO, and GHsNOy), by measuring the equilibria of

the gas-phase clustering reaction
* Tel.: +48-22-632-32-21x3253; fax+48-22-632-52-76.
E-mail address: wincel@ichf.edu.pl (H. Wincel). A7 (CoH5NO»),—1 + CoHsNO, = A™ (CoHsNOR), 1)
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As a continuation of a previous stud¥0], we also report Also, C;H3NO,~ is produced by dissociative electron

on the formation of a stable ion productl5NO4~. Fur- capture at~0 eV [14].

thermore, we focused our attention on the dynamics of the

decay of the observed ions. We believe the results to be ofe” + CoHsNO2 — (CoHsNO2 ™)™ — CoH3NO2™ + Ho

fundamental chemical significance and also to have impli- 3)

cations for atmospheric ion chemistry as well as detonation

chemistry in the context of a possible role of the ionic inter- Mark and co-worker§l4] in low-pressure{10-® mbar) of

mediates in the shock initiation and detonation mechanism C2HsNO; studies found that the cross-section for forma-

of nitroalkanes. tion of CoH3NO, ™ is about two order of magnitude lower
than that of NQ™. In the present high-pressure experiments,
the yield of GH3NO2~ (C2HsNO27),,—0.1 Was found to be

2. Experimental about 15% of the total ion intensity at420 K, but with a
decrease of temperature the intensity of these ions rapidly

The measurements were performed with a pulsed decreased (sdéig. 2). This prevented measurements of the

electron-beam high-pressure mass spectrometer (PHPMS}hermochemical properties 0b83NO,~(CoHsNOy),, with

utilizing standard techniques. The apparatus was the same as > 2.

that used in our previous woifk0]. The reagent gas in the The GH4NO2™ ion is not observed under collision-free

ion source was ionized by 500-1000 eV electron beam. Theconditions[12—-14] In the present study, this species is as-

ions produced were sampled through a slit (h% x 2 mm) sumed to be produced by several exothermic proton transfer

and were magnetically mass analyzed. lon detection wasreactions, such as

provided by a channeltron equipped with a conversion ~— -

dynode. Mass spectra were registered by scanning the specp + C2HsNOz = C2HaNOz™ + OH @)
trometer electromagnet with continuous electron ionization. OH~ 4+ C;HsNO> — CoH4NO> ™ + Ho0 (5)
Thermodynamic data were obtained using an electron beam

pulsed with periods of 9fs for reaction times 1-6ms, NO™ + C2HsNOz — C2HaNOz ™ + HNO (6)

during which the intensity of a selected ion was collected |, experiments with C§CD,NO, show that GHsNO,~

mﬂa mrl]JIuclhannel anlalyzirhas a iunctlofn r?f |_ts arrival time is produced in these reactions by the elimination offrkbm
after the electron pulse. The surface of the ion source was ,_~ " ag mentioned above, the-O OH~ and NO" ions

coated with colloidal graphite to prevent charging of the

s?rfﬁce_ of t_he |or_1_eX|t_ sllthanld so resulting in a qlecre:ﬁe capture to GHsNO, [14]; O~ and OH- may also arise from
of the ion intensities in the low-temperature region. a trace amounts of impurities sand FO.

the experimental data presented here were obtained using The parent anion, £4sNO, ™, is probably produced in a

graphite-cqated ion source surface. . three-body capture of thermal electrons by the reactions (7)
The carrier gas (N at 1-5mbar) was purified by pass- and (8a):

ing it through a liquid N cooled 4 A molecular sieve trap.

The partial pressure of £1sNO; introduced into the carrier ¢~ 4 C,HgNO, + M

gise\/r\zer;se\r/]?;:ecdor(])(\j/;irogﬁ 0.4 mbar range, dependent on the  CHeNO,~ +M (M : third body) )
The equilibrium constantX,,_1,, = (I,/I,—1P), where

I./l,—1 is the measured ion intensity ratio of the respec- e~ + 2CH5NO2 — [(C2H5NO2)27]*

tive ionic species at equilibrium ar@ is the partial pres-  CoHsNO,™ + CoHsNO» (8a)

sure of GHsNO,. The thermodynamic vaIuesAH,j_l’n

and AS,_, ., were derived from the temperature studies

of the equilibrium constants using the van't Hoff equation € +2CHsNO2 — [(C2HsNO2)2™]*

NK,_1, = (ASZ_M/.R) — (AF.IZ_L"/R'I"). The measured M(CszNoz)z_ (8b)

K,_1, for all clustering reactions studied were found to

be independent of the change of the partial pressures ofin this study, as in the CENO>~ case[10], the intensity

involved in the reactions (4)—(6) can be formed by electron

C2HsNOs> in the range 0.2—0.4 mbar. of the monomer @H5NO,~ was negligibly small and was
The reactantion N@ was produced by dissociative elec- observed only occasionally. This is most likely due to a short
tron capture, reaction (2), lifetime of this species with respect to autodetachment and/or

) dissociation into thermodynamically stable fragments.

The chemicals, N (99.999%), GHs5NO2 (99.5%,
of the electrons slowed down to energy of about 0.73 eV Aldrich) and CHCD,NO, (99% atom D, Aldrich), were
[14] by the gas in the reaction chamber. As discussed below,purchased from commercial sources. TheHENO, sam-
NO2~ can also arise from the ion—molecule reaction of the ple used was checked by GC/MS analysis which showed a
O27/CyH5NO, system. trace amounts of nitropropane.

e + CoH5NO; — (CoHsNO27)* — NOy™ 4 CoHs
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3. Results and discussion for CoHsNO,4~ formation in the GHs5NO2/N2 system.
Scheme 1ldepicts the most likely mechanism involving
3.1. General description an Sy2-type displacement reaction channel (9a) leading

to NO,~ and the termolecular addition path (9b) to form

When 5mbar M buffer gas containing small amounts C,HsNO,~.
(~0.4mbar) of GHsNO, was ionized by an 800eV The O~ anion involved in this reaction mechanism is
electron beam at an ion source temperature of 353K, thought to be originated from trace amountsl(ppm) of
NO2™(C2HsNO2), and GHsNO4™ (C2HsNO2), were pro- O, present in the buffer gas as an impurity. Note that the
duced as major negatively charged cluster ions. As showneffects of trace levels of the Qmpurity on high-pressure
in Fig. 1 a significant amounts of ions aW/z 224 and  mass spectra have been reported in several previous studies
225, which correspond to £i4NO>~(CoH5NO»), and [15,16] Also, a strong nucleophilic character of,Qin
C2HsNO2 ™ (C2HsNO2),, respectively, were observed un- gas-phase ion—-molecule reactions with a variety of organic
der these experimental conditions. At temperatures abovecompounds has been demonstrdted.
~350K, small amounts of £H3NO>~(CzHsNOy),, with The pathway (9a) is exothermic by 12.2 kcal/njt8]
n = 1 and 2 were formed (not shown). The general formulas (assuming AH; (CoHsO0) = —1.8kcal/mol, see Ref.
of these ions are deduced from té values and confirmed  [17]) and it is expected to occur through the formation
by the correct mass shifts observed with4THD,NO, (see  of an intermediate ion-neutral compldx which may
inset of Fig. 1). undergo charge migration and rearrangement Ito for

As shown inFig. 2, with a decrease of temperature be- NO,~ displacement. Because the electron affinity of NO
low ~385K, the GHsNO,4~ ion and its clusters started to  EA(NO,) = 2.30eV (if not stated otherwise, all thermo-
be formed, and these species became the dominant prodehemical data have been taken from R@B]) is higher
uct ions at the low-temperature end of the experiments. than that of GHsOO, EA(C;H500) = 1.186 eV[19], the
It is noteworthy that the growth of the total intensity of formation of NGQ~ is favored over GHsOO~. The an-
C2HsNO4 ™ (C2HsNO2), with a decrease of temperature is ion product GHsNO,~ may be treated as a collisionally
accompanied by a decrease of NQC;HsNOy),. Varia- stabilized ion-neutral intermediate complék pathway
tions in relative intensities of these series of cluster ions (9b). This pathway is presumed to occur in competition
are similar to those founfll0] for the analogous systems, with the unimolecular dissociation dfl via (9a). It is
CH3NO4 ™ (CH3NO2),, and NG~ (CH3NOg),,. Thus, in line possible that the intermediatd may rearrange to the
with the previously described concept for the formation ethylperoxynitrate structure,s8500NO,~. However, due
of the core anion CENO4™ in the CHNO2/N2 mixture to experimental limitations, we were unable to verify this
[10], we adopt here the analogous mechanistic scenariospossibility.
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Fig. 1. Anion mass spectrum of the 7.8%HgNO,/N, gas mixture recorded at source pressure of 4.8 mbaffaad306 K. The inset shows partial mass
spectrum of the mixture 6.9% GED>,NO,/N, at 5mbar andl' = 353 K. The peaks atvz 121, 196, 271 assigned to NO(C,H5NO»), (n = 1-3);
m/z 107, 182, 257—gHsNO,~ (C2Hs5NOy), (n = 0-2); mVz 149, 224—GH4NO,~ (C2Hs5NOR), (n = 1, 2); Mz 225—GHsNO,~ (C2HsNO3)2; mvz 79,
154—HNQ;~ (CoHsNO), (n = 0, 1); m'z 123, 200—NQ~(CH3CD,NOy), (n = 1, 2); m/z 109, 186, 263—CHKCD,NO;~ (CH3CDoNOy), (n = 0-2);
m/z 156—HNQ;~ (CH3CD,;NOy).
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Fig. 2. Temperature dependence of the normalized total intensities of the cluster ions observed in the mass spectra of fhiz NG¥/NE mixture at
a source pressure of 5mbar.

The proposed mechanisi@gheme }lis in agreement with Another possible contribution to theBsNO4~ ion prod-
the results of temperature dependence measurements thaict is the third-body reaction
show the increase in efficiency 05bBsNO4~ (C2Hs5NOy), NO,~ 4 CoHs05 + M — CoHsNO,~ + M (10)

formation with decreasing of temperatuFed. 2). This trend

can be satisfactorily accounted for by consideration of the The required precursor, the ethylperoxy radicaHgO,
lifetime of the ion—neutral compleM : the lifetime of such may be formed in the ion source in the reaction gHg+ 02
complex and the probability of its termolecular stabilization [20]; the GHs radicals are produced under the electron irra-
is expected to increase with decreasing temperature. Simi-diation of nitroethane (@ + CoHsNO, — NO>* + CoHs).

larly, the increase of lifetime of the excited {BsNO2)>~1* However, as previously stated for the gbp system[10],

with decreasing temperature explains the observed trend indue to the expected very low concentrations of both reac-
the growth of GHsNO2~(C2HsNO2),, whose formation is tants GHs + Oy, and the product, £1450,, the contribu-
assumed to be initiated by the reaction channel (8b). Thetion of reaction (10) to the production oL85NO4~ should
temperature dependence behavior of the relative intensitiesbe negligible under the present experiments. On the other
of CoH3NO,~(CoHsNOR), and GHaNO2~(CaHsNO?), hand, we cannot exclude the possibility that th#i€+ O-

as shown irFig. 2 is most likely a consequence of the in- species adsorbed on the ion source walls lead to the forma-
fluence of temperature on the internal energy of the excited tion of C;H50,, which after desorption to the gas phase can
(C2H5NO27)* and other species involved in the produc- undergo reaction (10).

tion of the precursors of the core aniongHZNO,~ and Finally, it should be mentioned that besides the se-
CoH4NO>~ (seeSection 2. ries of the cluster ions discussed above, small amounts
H H H H
0; + CHNO, === oz.,i\(;/_No2 _ 02_\(3(...[\102

Scheme 1.
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of the B~ (C2HsNOy), clusters, where B stands for the
core ion of m/z 79, are observed in both85NO2/N2
and CHCD,NO2/N2, mixtures €ig. 1). These clusters

3.2. Sabilities of cluster ions

As an example,Fig. 3 shows the time profiles of

started to be formed with a decrease in temperature be-the concentrations of clusters 2l@sNO,>~(C2HsNO2),

low 350K and the efficiency of their formation, as in

the case of @HsNO;~(C2HsNO»),, increases with a de-
crease in temperature (not shown). Presumably, nie
79 ion corresponds to the HNO ion product from the
termolecular addition reaction O + HNOy] + M, where

the HNG is either a minor impurity present in the ni-

and GHsNO4 (CoHsNOy), observed in the 4.4%
C2HsNO»/N2 gas mixture at the indicated temperatures.
An approach to equilibrium for the clustering reactions (1)
was observed~200-40Qus after the electron pulse, de-
pending on the experimental conditions. The results for the
measured equilibrium constants for these reactions are dis-

troethane or a product of some reaction occurring in the ion played in the van’t Hoff plots irFig. 4. The lower limits of

source.

temperatures for the measurement of the equilibrium con-
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Fig. 3. The time profiles of the cluster ions: (a}HENO,~ (CoHs5NO3), (n = 0-2) and (b) GHsNO,~(CoHs5NO»), (n = 2—4) observed in the 7%
C,HsNO,/N2 mixture at indicated temperatures and a source pressure of 5.6 mbar. Electron pulse widthcl8&nnel dwell time, 3@s; energy of
incident electrons= 600 eV. At 3ms, 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 A(C;H5NO;),—1 + CoHsNO2 =A™ (CoHs5NOR),, A = (@) NO2; (b) CHsNOy; (c) C:HsNOg; (d)
CyH3NO,—solid symbols; GH4NOs—open symbols. The numbers shown in the figures correspond to the vafue of

stants correspond to the start of condensationtf5BlO5.

for all the systems studied are listed Tables 1 and 2
The reportedAH, _,

Table 1
Thermochemical dataAH° (kcal/mol) and AS (cal/mol K@, for the gas-phase clustering reactions: NQC;H5NO3),—1 + CoHsNO,=NO,~
(C2HsNOg),,, CoHsNOZ ™ (C2HsNOg),—1 + C2HsNO2 = CoHsNO, ™ (C2H5NO2),, and GHsNO4 ™ (C2HsNO2), -1+ C2HsNO, = CaHsNO, ~ (C2HsNOR),

. and ASS

values are averages

an uncertain true value may be greater. It is likely that
The enthalpy and entropy changes derived from such plotsthe core—ligand bonding in the clusters studied is mainly
electrostatic in nature, dominated by the ion-dipole and the
. ion-induced dipole interactions.
of several measurements, each obtained from a weighted Fig. 5 shows the n dependence ofAHflfl)n for
least-squares fit of the van't Hoff plots. The error limits A—(C,Hs5NO,),, A = NO», CoHsNO, and GHsNOy, to-
show the statistical fluctuations; the absolute error from gether with those of X(CH3NO,),, X = NO», CH3NO,

n NO> ™~ CoHsNO» ™ CoHsNO4~
_AHzol—l,n _ASZ—L” _AH;—Ln _Asi—l,n _AHZ—l,n _AS;—Ln
1 15.8+ 0.5 23+ 2 14.3+ 0.8 26+ 3
2 149+ 0.5 27+ 3 14.6+ 0.2 28+ 2 12.7+ 0.8 28+ 3
3 11.8+ 0.5 26+ 2 13.6+ 0.3 30+ 3 11.3+ 0.9 30+ 3
4 11.0+£ 0.5 28+ 2 119+ 05 33+ 3 10.5+ 0.9 33+ 4

aStandard state 1 atm. Results given to the temperature of the van't Hoff plot.

values are approximately equal to those at 298 K.

However, sinc® thependence upon the temperature is snsf;
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Fig. 5. Then dependence of the bond energiear/; ;  (kcal/mol) of the indicated clusters. TheAH| ;  values for X' (CH3NO),, X = NO,
CH2NO7 and CHNOy, taken from Ref[10]; for CHzNO,~ (CH3NOy),—1, see Ref[4].

and CHNOy4, from the previous studi€fg,10]. In general, and more ligand molecules at low temperatureS850 K).
the—AH;’_lﬁn values for A" (CoHsNO»),, are greater than  The —AH;_l’n and—AS;_lyn values forn = 1 and 2 of
those for the analogous XCHsNO>),.. These differences  these cluster ions are given Trable 2 These results show
in —AH;_, , values may be due to the larger polarizabil- that the bonding energies of both core anionsiH§NO, -
ity (« = 9.63A3) and dipole momenty( = 3.65 Debye) and GH4NO>~, to GHs5NOs atn = 1 and 2 are similar

of C,HsNO, than CHNO, (@ = 7.37A3 and = and close to those of NO (CoHsNO»), =1, 2, respectively.
3.46 Debye) taken from the CRC Handbook, 66th edition. This indicates that the nature of these core anions does not
The positive end of the dipole of;Bi5NO, is: mainly lo- significantly affect the strength of their interaction with the

calized on the Clgroup whose hydrogens are expected to fiIrSt two GHsNO, molecules, thus supporting the notion
interact with the negative charge site of anions in the cluster- that the ion-molecule bond formation in the clustering re-

ing reactions. In the case of NO(CoHsNO3),,, the— A HS actions of these ions is mainly dictated by the electrostatic
value is little smaller than that of A H§ ;. This result most interactions of the anionic site located on the NGnoiety.
likely reflects the hypothesis that the first twaHENO, In the case of @HsNOs~(C2HsNOy),, the —AH,_, ,

molecules hydrogen bond to the negatively charged O atoms"a/ues forn = 1 and 2 are smaller than those of other clus-

in NO,~. The observed drop in-AH®_,, atn = 3, ters studied with: =_1 a_nd 2 Tables 1 and R The slightly

may be attributed to an increase of the exchange repul-Smaller bond energies inBsNO4™ (C2HsNO2)=1,2 most

sion between ligands accommodated by the core anion inlikely are due to the lower charge density localized on the an-

NO,~ (CHsNOy), atn > 3. !o_nlc_S|_tes of the core ion £H5NO,4~. At present, however,

For G;H3NO,~ (C2HsNO3), and GH4NO,~ (C2H5NOy),., itis dlfﬂcul_t to speculate on the structures of.thgﬁNOr _

the thermochemical properties could not be measured forSySteém without the background of theoretical calculations

n > 2 due to reduced intensities of the ions with three and furtherexperiments using other mass spectrometric tech-
nigues, e.g., collision-induced dissociation and neutraliza-
tion reionization.

Table 2 The GHsNO,~ ion is not observed as an isolated

Thermochemical data,AH° (kcal/mol) and AS (cal/molKy, for compound under collision-free conditiofis2—14] In the

tcheH Sgsg‘gss Ng“_sg"gg Ncr)e?“;’:;: é“ENN%f_(fCZH:NNOS);*l I present high-pressure experiments, a very small amount of

cszNozzcijNo;(cszNOZ): a2 TeTieein-1 C,HsNO,~ was detected occasionally. We anticipate that
the formation of GH5NO,>™(CoHs5NOy),, is initiated by

n C2H3NO,™ C2HaNO,™ termolecular reaction (8b). By analogy to the observed loca-
—AH_,, —ASS 1, —AH,_, —ASy_y, tion of an excess charge in the RO, (CH3NO2),—0—2

1 1574 08 24+ 3 1624 08 24+ 3 anions on a single 9&N02 molecule.[4], the same sit-

2 15.2+ 0.8 32+ 3 154+ 0.8 31+ 3 uation for GHsNO>~(CoHsNO2), might be expected.

As in the CHNO>~ case[4], it is likely that both va-
2Standard state 1atm. Results given to the temperature of the van't H 2 [ ]’ y

Hoff plot. However, since theAS dependence upon the temperature is Ience and dipole-bound forms O_f 2BsNO;™ can be
small, AS’ values are approximately equal to those at 298 K. initially produced: however, the dipole-bound states are
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presumably collisionally relaxed. In the valence state, tensity with time represents the decay due to ion diffusion
the excess electron is mostly located on the o,NO to the walls of the ion source.

group, and it is reasonable to suggest that the forma- Although this latter observation with respect to the
tion of CyHsNO,>~(C2HsNO»), proceeds similarly as  rapid decays of CENO,~ (CH3NOy), [10] and GH5NO;

NO2~(C2H5NO), by the interaction of the Cilgroup of ~(C2Hs5NOy), is attributable to their disappearance in
C2HsNO, with the O atoms of @HsNO, ™. A possible struc- some ion—molecule reactions with trace amounts of even-
ture for GHsNO2~ (CoHs5NOR), with n = 4 is shown inl 1. tual impurities, but we cannot exclude another process
which may contribute to the total loss of these clusters
o N\',* H o during the diffusion time. In the previous papé], we
ZH/C ~c M e -C " have postulated that the dipole-mediated pathway arising
LW HT from the interaction between the dipole and valence states
0 /o__i of CH3NO,~ may be involved in the “transport” mecha-
o N H nism of CHNO,~(CH3NOy),. For the bare CENO,™,
H\C/C\H H\(I:,H He Ot both states as well as their coupling have been well doc-
ON" | H NO, umented experimentally and theoretical4~9]. Possibly,
T the interconversion between these two anionic forms can
I;I open a channel for the electron loss, and in the solvated

anion can open an avenue to the intracluster transfer of

an excess electron and so provide a more efficient mech-
The relatively large values ofAS) | ~with n > 2 for anism for the “transport” and the dynamics of the loss of
C2HsNO,~(C2HsNO»),, and other clusters studie@igbles 1 CH3NO27(CH3NOy),,. No data seem to be available on
and 2 indicate that the freedom of motion in these systems is the binding of electrons to ££5NO;, but since the dipole
highly restricted. This implies that intramolecular hydrogen moment of this molecule is sufficiently large, the forma-
bonding occurs in these clusters. tion of the valence and dipole-bound forms ofHENO>™

As can be seen directly froffig. 6by comparing thetime  may be expected1-3], and the transport mechanism of

dependence of the ion intensities of the three major cluster C;HsNO,~(C2H5NOy),, is most probably similar to that
ions, the loss of gHsNO, ™ (CoHsNOy),—2 is considerably proposed for CENO,~ (CH3NOy),,.
faster than that of the two other clusters. In the measure- From the experiments such as those showrFig. 6,
ments performed under the same experimental conditions,the pseudo first-order rate constantsobtained from the
this picture is also observed for the corresponding smaller slopes of the linear portions of the In(Intensity) versus time
and larger clusters of these series. A similar situation hasplots, can be used to compare the dynamics of the decay of
been also found for the decay rate of §MD>~(CH3NO>), the cluster ions during their transport to the walls. When the
with respect to those of other clustdi®]. In this context, ion masses are close, similar rates for their diffusional loss
it should be noted that for non-reactive ions, the loss of in- are expected1]. The slopes of the linear sections for the

T = 294K

C,H,NO,(C,H,NO,),

COUNTS PER CHANNEL
S,
T

©
A R
R /'h- s NO,(C,HNO,),
o - "y
ok CHNO,(CHNO,), ¥ _
°© iy "
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]
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Fig. 6. lon intensity of the indicated clusters as a function of time aftep.®®lectron pulse observed in the 8.5%HgNO>/N, mixture at a source
temperature of 294K and a constant total pressure of 2mbar.
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Fig. 7. Arrhenius representation of the “reactive” decays of the clusters CH3NO,~ (CH3NO,),, and CoH5NO2>~ (C2HsNOy), during transport to the ion
source walls. (v2 — v1) is the difference between the pseudo first-order rate constants (v = Aln[Intensity]/At) obtained from the slopes of the linear
portions of runs (see Fig. 6). v1 represents the decay of NO,~(CH3NO3),, or NO2~(C2HsNOy),,, while v represents that of CHzNO, ™ (CH3NOy), or

CoHs5NO,~ (C2H5NOy),, for the CH3NO, and CHsNO, systems, respectively.

loss of NOZ_(CszNOZ)n and C2H5NO4_(C2H5N02),1
were found to be similar under the same experimental con-
ditions, as exemplified in Fig. 6 for the clusters withn = 2.
In the previous study [10], analogous results were obtained
for X_(CHgNOZ)n, X = NOy, CH>NO> and CH>NO;.
Assuming that the disappearance of NO>~(CH3NO3),, and
NO,~(C2H5NOy),, is only due to the diffusion to the walls
and taking their first-order rate constants, v1, as the com-
ponents of the diffusional loss to be involved in the rate
constants, vy, of the decays of CHzNO,~(CH3NOy),, and
CoH5NO>~ (CoH5NO»),, then the differences (v2 — v1) to
a first approximation may be considered as the “reactive”
contributions of these clusters to the dynamics of their
loss. [Note: in the case of CH3NO; the ratio vo/v1 shows
essentially no temperature dependence.] The plots of the
logarithm of (v2 — v1) versus LT show a linear depen-
dence (Fig. 7) leading to the energy barriers of 60 and
165meV which can be associated with the “reactive” loss
of CH3NO27(CH3NOy),, and CyHs5NO2~ (CoHsNO2),,
respectively. If we assume that the dipole-mediated mecha
nism is dominant in this process, then the observed temper-
ature dependence of (v2 — v1) may reflect the population
of coupling between the dipole and valence anion states
which provide a pathway to electron loss in the core an-
ions, CH3NO,~ and CyH5NO,—, of these clusters. It is
worthwhile to note that the magnitude of the energy barrier
of 60meV found here for CH3NO>~(CH3NOy),, is signifi-
cantly higher than the dipole electron affinity of 12meV re-
ported [4] for the bare CH3NO, ™. This difference may arise
from the solvation effect. This approach, however, is some-

what speculative and should be viewed with caution because
a possible reactive loss of the CH3NO,~(CH3NOy), and
C2HsNO, ™~ (C2HsNO»),, clusters due to eventual impurities
cannot be excluded.

As mentioned in the Section 2, the CoHsNO> sam-
ple contains a trace levels of a C3H7NO, impurity. In-
spection, however, of the mass spectra of CoHsNO2/N2
mixture (see, eg., Fig. 1) registered at different tem-
peratures reveals that peaks attributable to the series
A~ (C3H5NO»),,_1C3H7NO2, A = NOy, CH4NO, and
C2HsNO», do not exceed the signal-to-noise level. Thisin-
dicates that the possible ion—mol ecul e reactions, such as the
addition of C3H7NO, to A~ (C2Hs5NO»),,—1 and the ligand
exchange of CoH5NO, for C3H7NO2 in A~ (C2HsNO»),
to yield A~ (C2HsNO»),,_1C3H7NO,, if occur, are of very
minor importance, and therefore, their influence on both the
thermochemical data and the reactive loss of the cluster ions
is expected to be negligible, if exists at al. In connection
with the latter process, it is also useful to consider the pos-
sibility of the loss of (CoH5NO2),,~ by the electron trans-
fer reaction according to: (CoHsNO2),~ + CzH7/NO2 —
(C2Hs5NOy), + C3H7NO,~. Although no data were
found for the EAs of (CoHs5NO»), and C3H7NO», but
it can safely be assumed that the EAs of the monomers,
CoHsNO, and C3H7NOy, are close to each other. If we
further consider the following relation EA(CoHsNOR), =
EA(C2HsNO2),—1 + D[(C2HsNO2), ; — CzHsNOg],
where D[(CoHsNO2),_; — CoHsNOy] is the dissocia-
tion energy (equivalent to —AH, , ) for the cluster ion,
(C2HsNOy),, —, it is obvious that the EAs of (CoHsNO»),
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with n > 2 should exhibit a considerably larger values
than EA(C3H7NOy). Therefore, the electron transfer from
(CoH5NO),~ to C3H7NO, is not to be expected for
n>2.

4. Conclusions

In the present and previous [10] paper, we examined the
negative ion chemistry of CH3NO, and C;HsNO» which at
temperatures below ~380K are observed to associate read-
ily with Oo~. The product ions CH3NO4~ and CoH5NO4~
from this reaction and their clusters may have implications
for the development of atmospheric chemistry and could be
of interest as the elements of the mechanism in the shock
initiation and detonation chemistry of nitroalkanesfor which
detonation properties are defined by the conditions of shock
decomposition and the oxygen balance in the explosive.

The gasphase thermochemical stabilities of A
7(C2H5N02)n, A= NOz, C2H3N02, C2H4N02, C2H5N02
and CyHs5NO4, were determined. The observed much
higher decay rates of CH3NO2~ (CH3NOy),, and CoHsNO2
~(C2Hs5NO»), than those of other cluster ions studied may
be considered as an indication that the dipole-bound states
of the core anions CH3NO2~ and CyHsNO>~ may be
involved in the loss of their clusters.
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