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Peroxyacetyl nitrate (PAN) is a fragile, highly reactive molecule which has proven difficult to characterize
by mass spectrometry. This study investigates the use of a membrane introduction system to sample PAN
and demonstrates that the molecular ions [M�H]�, [M�H]ÿ and Mÿ* can be generated under chemical
ionization conditions. Use of tandem mass spectrometry provides characteristic spectra. These capabilities
are applied to generate adduct ions of PAN with reference compounds of known proton affinity. Collision
induced dissociation of these ions gives, by application of the kinetic method relationship, an estimated value
of 191� 3 kcal/mol (798� 12 kJ/mol) for the proton affinity of PAN. # 1998 John Wiley & Sons, Ltd.
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Peroxyacetyl nitrate (PAN) (I ), first identified by Stephens
et al.,1 is a product of atmospheric oxidation of hydro-
carbons in the presence of NO and NO2 (NOx). Thermal
decomposition of PAN yields the peroxyacetyl radical and
NO2, (Eqn (1)) and kinetic data of Kenley and Hendry2

show that while the lifetime of PAN (i.e. 1/kf) is about 30
minutes at 298 K, it is 2 months atÿ20°C. The NO2 released
upon thermal decomposition is a critical reagent in the
production of tropospheric ozone. These facts led Singh and
Hanst3 to suggest that PAN is an important vehicle for the
transport of tropospheric NOx, thereby influencing the
global distribution of ozone. PAN is also an important form
of nitrogen in the middle troposphere4 as well as having
significant physiological effects.5–7

CH3C�O�OONO2
kb

kf

CH3C�O�OO� � NO2 �1�

Measurements of PAN almost always use gas chromato-
graphy with electron capture detection.8 However, the
temporal and spatial variability of this pollutant make more
rapid non-chromatographic analytical methods of interest.
Facile thermal dissociation occurs using conventional
methods of introduction of PAN into a mass spectrometer
and the resulting mass spectra are dominated by ions which
are not structurally diagnostic of PAN itself. In this study we
report that it is possible to introduce PAN via a semi-
permeable membrane. Furthermore, one can use this
procedure to generate positively and negatively charged
forms of intact ionized PAN.

The measurement of thermochemical quantities of PAN
is of intrinsic interest and potentially important to the
development of analytical techniques for detection of this
species. Although some thermochemical properties of PAN
have been estimated theoretically,9 no information is
available regarding the proton affinity (PA) of PAN. This
study therefore aims also to utilize membrane introduction
to estimate this quantity by application of the kinetic
method.

The kinetic method

The kinetic method, an approximate procedure for making
thermochemical determinations, is based on the relative
rates of competitive dissociations of mass-selected cluster
ions.10,11 Cluster ions bound by cations or anions are
isolated and their dissociation (typically caused by colli-
sion-induced dissociation (CID)) is followed in an MS/MS
experiment. In the case of proton affinity determinations,
the fragmentation of the mass-selected proton-bound dimer
to give the individual protonated bases, by competitive
cleavage of the two hydrogen bonds, can be represented as
shown in Eqn (2).

�2�

The ratio of the ratesof the competitive dissociations of
theproton-bounddimercanbesimplyexpressed astheratio
of the abundances of the ions due to the individual
protonatedbases,viz. {[NH �]/[AH�]}. Theoretical treat-
mentsof the kinetic method12–16 lead to the approximate
expression:

ln
�NH��
�AH��
� �

� �PA
RTeff

�3�

where [NH�] and [AH�] are the abundancesof the two
protonatedbases,DPA is the proton affinity difference

�
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between the compoundsA andN, andTeff is the effective
temperatureof the activateddimer ion. Whenthe effective
temperatureis known from examination of compoundsof
known PA, Eqn (3) canbe usedto provideprotonaffinity
valuesfor anunknown, A. Notethatthemethodcanbeused
to establish the relative order of proton affinities even in
casesin which thefragmentationshownin Eqn(2) proceeds
exclusively to give one setof products.

The kinetic methodhas beenusedfor determining the
gas-phase acidities and basicities of many classesof
compounds.13,14,17,18It hasalso allowedthe determination
of other ion affinities, including ammonium ion,19 metal
ion,20,21 chlorine cation,22 cyanide cation23 and carbonyl
isocyanate24 cation affinities. It is often sensitive to small
thermochemical differences (well below1 kcal/mol), andis
applicable to polar and non-volatile samples, even when
they are not available in pure form, as is the casein this
study.11 The methodis bestappliedto chemically similar
species, in whichcaseentropyeffectson reaction ratestend
to cancel. In some cases25 the dissociation of covalently
bound ions is employed instead of the more desirable,
weakly bound,clustersof cationsandneutral molecules.

The present study employs chemical ionization to
generateproton-bounddimers(or, lessdesirably, covalently
bound complexes) between PAN and various reference
compounds.Thesereferencecompounds,N, eachof known
PA, areusedto establisha correlationbasedon Eqn(3) by
plotting 1n[NH�]/[AH�] vs. the PAs of the reference
compounds.Further,from Eqn(3), it follows that theslope
of the straight line is equal to 1/RTeff and the x-intercept
correspondsto the PA of the unknown (PAN).

Membrane introduct ion massspectrometry

Theuseof MIMS in processmonitoring andenvironmental
analysis is attractive because of the selectivity and
sensitivity it provides. Membraneswerefirst usedin mass
spectrometryfor monitoringphotosyntheticprocesses26 and
later the method was adaptedto solution analysis, by
examination of compoundsthat permeate throughhollow
fiber capillary membranes.27 Since then, this area has
grown28–30 and MIMS has also been applied to such
important areas such as biological waste water treat-
ment,31 chemical reactionmonitoring,32,33bioreactor mon-
itoring34–38 and especially to the analysisof volatile and
semi-volatile organic compounds.29,39–41 Key to recent
developmentsin MIMS hasbeenthe useof flow injection
methodsof sample handling42,43 in which the solution is
transportedoverthesurfaceof themembrane,often located
in a direct insertion membrane probe in the ion source.
MIM S is particularly usefulfor ambient air samplingsince
it avoids the need for pre-concentration and yet allows
separation of analytesfrom watervapor.

EXPERIMENTA L

Instr umentation

A Finnigan MAT, TSQ 700 triple quadrupole mass
spectrometer(Finnigan Inc., SanJose,CA, USA) wasused
in all theexperiments.Theinstrumentwasoperated in either
the electron ionization (EI) or chemical ionization (CI)
modeto give either positively or negatively charged ions.
Referencecompoundsof known PA were introducedinto
the ion sourcethroughthe gaschromatography(GC) inlet

via a Granville Phillips variable leak valve (Granville
Phillips Co.,Boulder, CO, USA) with heating asnecessary
to providesufficient vaporpressure.Isobutane wasusedas
the chemical ionization reagent gas for positive ion
experiments and ammonia for negative ion experiments.
The sourcetemperaturewasmaintainedaslow aspossible
(ca.35°C) andthedirectinsertionmembraneprobewasnot
heated;thesamplesimply wasallowedto permeate through
the membraneinto the sourceunder ambient conditions.
The manifold temperature was held at 30°C for all
experiments,to minimize thermaldecomposition of PAN.
The typical scanrangewas70–300 Da/chargeandthescan
ratewas0.5s/scan.Theproductionof adductions, including
proton-bound dimers, is strongly dependent on the partial
pressureof the constituent compoundsand the ion source
conditionswereoptimized to maximize thesignalintensity
of eachproton-bounddimer.

Ions corresponding in mass-to-charge ratio to proton-
bound dimers weregenerated in the ion source andmass-
selectedusing thefirst quadrupole. Theseionswereexcited
and dissociatedin the second quadrupole undervery mild
conditions, viz. nominal 2–4eV collision energy, using a
nominal argonpressureof 0.4 mtorr. A typical main beam
attenuation was 10–20%(but seeexceptionsbelow). The
abundancesof the fragment ions were measured from the
product ion massspectrageneratedby scanningthe third
quadrupole. Eachsetof peakratioswasmeasured from an
average of at least twenty individual scans. Collisional
activation of all other ions, including protonatedPAN, the
hydride addition product and the anion radical, employed
30eV collisions and the same nominal argon target
pressure.

Membrane and sampleinlet systems

A direct insertion membraneprobe43 wasusedto introduce
PAN. The membrane probe utilized a silicone sheet
membrane (Technical Products Inc., Decatur, GA, USA)
with a thickness of 0.013cm and surface area of
approximately 30mm2. The membrane was sandwiched
between a Teflon spacerandthe end-ring of the probe.

Since neat PAN is an explosive liquid,44 it was never
isolated from n-dodecane, the solvent of choiceduring its
synthesis.Instead, it wassynthesizedusing aprocedurevery
similar to thatdescribedby Nielsenet al.45 (seeScheme1).
The solution-phase nitration was carried out in high
molecularweight hydrocarbon solvent (dodecane)to take
advantage of the lipophilicity of PAN.46 The solution of
PAN in dodecane was purged with nitrogen, allowing the
volatile solute PAN to be transported to themembraneand
into the massspectrometer.A detaileddescription of the
sampleintroductionsystemis given elsewhere.47 Duringthe
PA measurement,thePAN impingerwaskeptin anicebath
andthesample waskept refrigeratedbetween experiments.

RESULTS AND DISCUSSION

Figure 1 showsthe total negative ion signalplottedagainst
time when a membraneis usedto samplethe vaporfrom a
PAN solutionin n-dodecane.Ionizationemployedelectron
attachment underCI conditions(usingNH3 asreagentgasto
mediate electron energies and so promote electronattach-
ment). PAN permeatesthedimethyl vinyl siliconepolymer
membranevery readily asshown by therisetime (t10%–90%)
of approximately 15seconds.This time is comparable to the
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rise times of many volatile organic compounds in MIM S
using silicone membranes. However, the short time is
noteworthy since the membraneprobe was not heatedto
assistthe transport of PAN through the membrane. The
slight fall-off in signal at longtimesis probablydueto small
changes in membrane permeability; sucheffects are well
known and do not affect quantitation performed using
external standardsolutions.

Under the conditions chosenfor this experiment, PAN
fragmentsextensively giving virtually no intact molecular
radical anion. (Note, however, that the occurrence of ion/
molecule reactionsis strongly dependenton thereagentgas
and experimental conditions chosen and Mÿ� ions were
observable, seebelow.) As one would expect, the major
fragmentsin the massspectrum are the characteristic ions
m/z 46 (NO2

ÿ), 30% relative abundance; m/z 62 (NO3
ÿ),

100%;m/z59 (CH3CO2
ÿ), 8%,andm/z75 (CH3CO3

ÿ and/
or CHNO3

ÿ), 22%. Scheme 2 illustrates some of the ions
formed and suggestsprobable fragmentation pathways.
There is a minor peak(5% relative abundance) at m/z93,
assigned to CO loss from the intact radical cation. This
probably occursafter methyl rearrangementthrougha six-
membered cyclic intermediate to an oxygen on nitrogen.
Note althoughthe fragmentsareassumedto arisefrom the
anion radical, Mÿ*, there may be contributions from the
hydride additionproduct,[M�H]ÿ, m/z122. Neither form
of molecular ion is observed in spectra taken under
conditions in which the partial pressureof PAN is low.
Both areobservedat higherPAN pressures(seebelow)and
both arelikely precursorsto the nitrateion at m/z62.

Plotsof thetimeprofilesof themajorfragmentionsin the

electronattachmentmassspectrumof PAN arevery similar
to thetotal ion plot, asshown in Fig. 2. The identical forms
of these plots confirm that these negatively charged
fragment ions are all formed from the same compound.
The dataalso demonstratethat the short rise timesalready
noted(Fig. 1) areaccompaniedby equallyremarkableshort
fall times. The data of Fig. 2 also serve to provide an
indication of therepeatabilityof themeasurements.Figure3
showsa negativeion massspectrum takenat a higher PAN
partial pressure, under which conditions ion/molecule
reactionsareextensive. Note the abundant [M�H]ÿ ion as
well as the presenceof many other adductions. Most of
thesearereadily accountedfor asthe resultsof association
of a fragment anion of PAN (HOÿ, HO2

ÿ, CH3CO2
ÿ,

NO2
ÿ, NO3

ÿ, etc) with the neutral molecule. The peak
assignments in this spectrum are basedin part on tandem
massspectrometry results which arediscussed below. The
peakat m/z93 is dueto the methyl rearrangementprocess
alreadydiscussedsoit is interestingto notethepresenceof
an ion, m/z106,which correspondsformally to the methyl
radicallossproduct. Thebasepeakin thespectrum,m/z119,
corresponds formally to molecular hydrogen elmination
from theanion, radical, althoughit is morelikely to ariseby
fragmentation of oneof themolecularadductions.Thereis
evidencethat the hydrideadduct, [M�H]ÿ undergoesloss
of the elementsof H3: this is found in the fact that the
negative ion CI mass spectrarecordedusing CCl4 (Clÿ

reagent) and CH2Br2 (Brÿ reagent) display the halide
addition products with PAN, i.e. [M�X]ÿ as well as the
remarkable ions [M�X ÿ H3]

ÿ.
Themass spectrum of PAN, recordedunderpositiveion

Scheme1.

Figure 1.Total ion currentvs.time for ionsformedby electronattachment(NH3
reagent gas) to PAN (m/z 121) showing permeability through a silicone
membrane.The responsetime, t10%–90%, is 15 s.
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CI conditions using isobutane CI reagent gas, showeda
characteristic protonated molecule as a major peakat m/z
122. However, unlike the negative ion spectra, it showed
abundant ionsdueto thealkanesolvent. It alsoshowedlow
abundance adduct ions and fragments such as m/z 61,
protonatedaceticacid.

The complexity of the CI mass spectra is clearly a
consequenceof the easewith which PAN undergoesion/
molecule reactionsin both the negative and positive ion
modes.This makestandemmassspectrometry(MS/MS)the
method of choice for its determination, and data were
recordedfor two different formsof themolecular ion, Mÿ*

and [M�H]�. The collision-induced dissociation (CID)
spectrum of the PAN anion radical (Fig. 4) shows the
fragmentions alreadynoted at m/z75 (presumably formed

Figure 2. Ion currentvs. time plots for individual ions andthe total ion currentfor negativeions generatedfrom PAN by
electronattachment(NH3 CI). Fragmentationis extensive,themolecularion is very weak,andthemajor fragmentsinclude
m/z46, m/z62, m/z75 andm/z93. Themassrangewas70 to 250Da/chargeandthe scanratewas0.5 s/scan.

Figure 3. Ion/moleculechemistryof PAN underelectronattachment
conditions.The hydride addition product of PAN [M�H]ÿ, corre-
spondsto m/z122. Ammonia wasusedto mediateelectronenergies
andsopromoteelectronattachment.Scheme2.
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by the lossof NO2) andm/z62 (presumably formedby the
lossof CH3CO2 radical) while m/z89 might be due to O2

elimination.TheCID spectrum of the[M�H]ÿ ion,m/z122,
is alsostructurally diagnostic. The30eV argoncollision gas
spectrum showsm/z62 (lossof acetic acid) asthedominant
fragment ion. Interestingly, a parent ion scanfor m/z 62
showsm/z80aswell astheexpectedm/z122.Thissuggests
that acetic acid elimination may occurin two steps.

Tandemmassspectrometry is alsothe preferredmethod
of examining PAN in the positive ion mode. The CID
spectrum of protonatedPAN generated underisobutaneCI
conditions (Fig. 5) shows one major fragment ion,
correspondingto NO3

�, m/z 62 and a minor ion, NO2
�,

m/z46.Thepeakatm/z62correspondsto theeliminationof
acetic acid from [M�H]�, and the peak at m/z 46
correspondsto the net elimination of peraceticacid. This
CID spectrum demonstrates how readily and simply
protonatedPAN fragments.

Taken together, the results presentedhere demonstrate
thepossibility of rapidandselective PAN measurementsby
tandemmassspectrometry, eitherthroughfragmentationof
Mÿ*

followed by detectionof m/z75, or fragmentationof
[M�H]�, followed by detectionof m/z 62. To maximize
signal, care must be taken to control the ion/molecule
reactions to which PAN is pronein both the negative ion
modeandin the positiveion mode(compare Fig. 3).

Proton affini ty of PAN estimated by the kinetic method

In order to estimate the PA of PAN, proton-bounddimers
with referencecompoundsof knownPA weresought. Some
wereformedandtheyarereadily recognizedby their facile
dissociation undermild CID conditions(nominal 0 to 4 eV
collision energy) to give the protonated forms of the
individual compounds. For example, the adduct ion
generatedby ionization of PAN using monofluoroacetone
as the referencecompoundwas mass-selected and dis-
sociatedby collision undervery mild activation conditions.
As is obviousfrom theproduct ion spectrumshown in Fig.6
collision-induceddissociation of the cluster ion produces
just two fragment ions, due to the two competing
dissociation reactionsshown in Eqn (2). Thesecorrespond
to the protonated reference compound at m/z 77 and
protonatedPAN at m/z 122. This fragmentation behavior
under mild activation conditions is evidence for the
formation of the proton-bounddimer.11 The fact that both
monomerscompetesuccessfully for theprotonrequiresthat
the PA of PAN be similar to that of monofluoroacetone.48

This referencecompound hasa PA of 190.2kcal/mol and
hencethe PA of PAN must be within 2 kcal/mol of this
value. (Note that newly revised48 PA values are used
exclusively here.) This quantitative conclusion is basedon
prior measurementson many systems; if one assumesan
effective temperature of 500 K (Eqn (3)) one calculates
from themeasuredion abundanceratio,aPA valuefor PAN
of 191.5 kcal/mol. The PA value is betterestimatedfrom
data for a number of different reference compounds.
Unfortunately, only five compounds of 25 compounds
(with variousfunctionalgroups)studiedgaveproton-bound
dimerswith PAN.Otherseitherfailed to giveadductionsof
theappropriatemass,or gavestable adductswhich failed to
undergo significant dissociation upon CID, or yielded
covalentadductswhich are discussedbelow. Data on the
proton bound dimers and other adducts from which
conclusionsaredrawn,aresummarizedin Table1.

Acetone behaves analogously to fluoroacetone,but the
higherPA of the referencecompoundmeantthat the only
fragment observed upon dissociation was protonated
acetone.This setsan upperlimit for the PA of PAN at the
valueof theacetonePA, i.e. 194.1kcal/mol. An upperlimit
is also providedby ethyl acetateat199.7kcal/mol. The2,3-

Figure 4. Collision-induceddissociation(MS/MS) spectrumof the
PAN molecularradicalanionMÿ*

(m/z121). Argon wasusedasthe
collision gasandthecollision energywas24eV.

Figure 5. Collision-induced dissociation (MS/MS) spectrum of
protonatedPAN [M�H]� (m/z 122). Isobutanewas usedas the CI
reagentgas.Thecollisiongasusedwasargonandatacollisionenergy
of 29eV.

Figure 6. Collision-induceddissociation(MS/MS) spectrumof the
proton-bounddimer of PAN and monofluoroacetone.Isobutanewas
used as the CI reagent gas. Activation was achieved with 2 eV
collisionson anargontargetat a nominalpressureof 0.4 mtorr.
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butanedionecaseis interesting, since both fragmentsare
observedandapplyingthe500K assumption givesaPA for
PAN of 193.2kcal/mol. Ethyl formate also gavea proton-
bound dimer, but in this casethe ratio of fragment ion
abundanceswasstrongly dependenton thecollision energy.
The protonated esterpeakhad ten times the abundanceof
protonatedPAN at 2eV andthis translatesto a PA for PAN
of 189 kcal/mol, againmakingthesameassumptions.Taken
together, these data indicate that the PA of PAN is
approximately 192 kcal/mol, with an uncertainty of about
2 kcal/mol.

In order to test this result, attempts were madeto form
proton-bounddimerswith other compounds.Of thosewhich
gaveadductsof theappropriatemass/chargeratio, tenwere
covalentcomplexes(or mixturesof loosely boundclusters

andcovalentcomplexes)which neverthelessyielded NH�

and/or AH� (Eqn. (2)) on CID. The data for these
compoundsis included in Table1. Note that the evidence
that these were covalently bound adducts lies in the
presenceof other fragment ions. Figure 7 showstypical
CID datafor the adductof protonated PAN and nitroben-
zene,m/z 245. Fragmentation gives principally m/z 177,
indicative of a covalently bound structure: however, the
expected protonatedmonomers, m/z122 and 124 are also
present and are observedin low and similar abundances.
This provides tentative evidence that the PA of PAN is
similar to that of nitrobenzene(191.1kcal/mol), a conclu-
sionin agreementwith thedataontheproton-bounddimers.
Note, however, that the abundance of the fragment ion at
m/z177makesthis resultlessreliable. In applicationsof the
kinetic method, it is generally preferable to examine
dissociationsof looselyboundcluster ions.11 The fact that
many of the systems reported on in Table1 arecovalently
bound is not unexpected in view of the high reactivity of
protonatedPAN. In othercases,stronglyboundcluster ions
havebeenusedto estimatethermochemical values25,49and
in the caseof PAN they provide valuable confirmation of
the estimatedPA, sincefew proton-bounddimers could be
formed. The data for these ten additional reference
compoundssetupperand lower limits for the PA of PAN
whichareconsistentwith thevalueof 191obtainedfrom the
proton-bound dimers althoughthe uncertainty is widened
to� 3 kcal/mol. Notethattheindividual measurementslead
to the PAN PA valuesgiven in the last column of Table 1.

The measurementis uncertaindueto uncertainties in the
literaturePA values48 (which are often 1–2 kcal/mol), the
fact that referencecompounds with a wide variety of
functional groupswere used,and becauseso many of the
complexeswerecovalently bound.In otherwords,this is a
particularly difficul t case in which to apply the kinetic
method.However, we havecompensated for thesedifficul-

Table 1. Product ions generatedfrom the adductsof peroxyacetyl nitrate and various referencecompounds

Reference MW PAa (kcal/mol) Typeof adduct Diagnosticfragmentionsb
PAN (PA)c

(kcal/mol)

Fluoroacetone 76 190.2 PBDd 100%;e m/z122>m/z77 (3.5:1) 191.5
Ethyl formate 74 191.3 PBDf 95%;m/z75>m/z122 (10:1) 189.0
2,3-Butanedione 86 192.1 PBDg 30%;m/z122>m/z87 (3:1) 193.2
Acetone 58 194.1 PBD 100%;m/z59, no m/z122 < 194.1
Ethyl acetate 86 199.7 PBD 100%;m/z87, no m/z122 < 199.7
Acetaldehyde 44 183.8 covalenth 10%;m/z122dominanth > 183.8
Propionaldehyde 58 187.6 covalent 85%;m/z59� m/z122 � 187.6
Acrylonitrile 53 187.5 covalent 30%;m/z122dominant > 187.5
Butyraldehyde 72 189.5 covalent 30%;m/z73, no m/z122 < 189.5
n-Butylbenzene 134 189.3 covalent 30%;m/z135>m/z122 < 189.3
Nitrobenzene 123 191.1 covalent 5%; m/z124> m/z122(4:3) 190.8
t-Butylalcohol 74 192.9 covalent 20%;m/z75, no m/z122 < 192.9
Butyronitrile 69 191.2 covalent 50%;m/z70, no m/z122 < 191.2
Valeronitrile 83 191.8 covalent 80%;m/z84, no m/z122 < 191.8
Dioxane 88 190.7 covalent m/z89 only, no m/z122 < 190.7

a FromRef. 48.
b ProtonatedPAN andprotonatedreferencearethe diagnosticions.
c Conclusiondrawnfrom theindividualmeasurement;uncertaintydependsonthefraction of thefragmention currentin thediagnosticpeakand otherfactorsdiscussedin
the text.
d PBD= proton-bounddimer.
e Diagnosticionsasa percentageof total fragmentions.
f In this casethereis evidencefor a contributionfrom a covalentisomer;thereareminor ionsat m/z46 and60 which makeincreasingcontributionsat higherenergy.
g Thereis evidenceof a contributing covalention.
h In the caseof the covalentcompounds,the natureandabundancesof ionsotherthanprotonatedPAN (m/z122)andprotonatedreference[M�1], arenot indicated
explicitly.

Figure 7. Collision-induceddissociation(MS/MS) spectrumof the
mass-selectedproton-bounddimer(m/z245)of PANandnitrobenzene.
Activationwasachievedwith 2 eV collisionsusinganargontargetata
nominalpressureof 0.4 mtorr.
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ties by making measurements with a large number of
referencecompoundsand are confident that the estimated
PA is correct,within the estimated3 kcal/mol uncertainty.

The estimatedprotonaffinity for PAN is higher thanthe
valuesreportedin theliteraturefor theestersof nitric acid50

andrelatedcompounds50,51which arein therange175–177
kcal/mol. On the otherhand,it is similar to the valuesfor
carbonyl compounds such as formate esters. The most
electronegative site in PAN is therefore probably the
carbonyl oxygen.This makesit li kely that theprotonbinds
there. A possible structure of the proton-bound dimer is
shown in the caseof fluoroacetoneasstructure II. CID of
the proton-bound dimer of PAN and ethyl acetategives
exclusively the protonated monomer of ethyl acetate
(PA = 199.7 kcal/mol, see Table 1). This observation
indirectly supports the assumption that II is a likely
structure of the proton-bound dimer of PAN and mono-
fluoroacetone. Structuresin which binding is through the
nitro group are possible but less likely given the low PA
valuesfor nitrate esters

II

This studyhasdemonstratedthatPAN canbemonitored
using positive or negative ion mass spectrometry with
sample introduced by MIMS. This capability has been
applied to the estimation of its PA. Futurework will focus
ontheuseof MIMS to performtraceanalysisof PAN butno
estimateson thesensitivity or detection limit s of theMIM S
methodareyet available. However,the responsetimesare
appropriately short (lessthan 1 minute) for applicationto
atmospheric monitoring and the methodclearly provides
very high specificity, especially if tandemmass spectro-
metry is used.
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