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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]~ and M~ 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) ], first identified by Stephens  The kinetic method
et al.; is a product of atmospheric oxidation of hydro-
carbons in the presence of NO and N(MO,). Thermal

decomposition of PAN yields the peroxyacetyl radical an

The kinetic method, an approximate procedure for making
d thermochemical determinations, is based on the relative

NO,, (Eqn (1)) and kinetic data of Kenley and Hendiry rates of competitive dissociations of mass-selected cluster

show that while the lifetime of PAN (i.e. &) is about 30 ions1®1! Cluster ions bound by cations or anions are
minutes at 298 K. it is 2 months aiZO"C'T.he NG released isolated and their dissociation (typically caused by colli-
upon thermal décomposition is a critical reagent in the sion-induced dissociation (CID)) is followed in an MS/MS

production of tropospheric ozone. These facts led Singh and€XPeTiment. In the case of proton affinity determinations,
Hansf to suggest that PAN is an important vehicle for the the fragmentation of the mass-selected proton-bound dimer

. : ; to give the individual protonated bases, by competitive
transport of tropospheric NQ thereby influencing the
global distribution of ozone. PAN is also an important form cleavage of the two hydrogen bonds, can be represented as

of nitrogen in the middle troposphéras well as having shown in Eqn (2).
significant physiological effects:’ k
_ » A—-H+N

kg
CHsC(O)OONO;=,_~CH;C(0)00 +NO; (1) . 2
AcemeeHie o N

Measurements of PAN almost always use gas chromato-
graphy with electron capture detectibnHowever, the A+ H—N*
temporal and spatial variability of this pollutant make more k.
rapid non-chromatographic analytical methods of interest. . . . .
Facile thermal dissociation occurs using conventional  Theratio of the ratesof the conpetitive dissociaions of
methods of introduction of PAN into a mass spectrometer theproton-bounddimercanbesimply expresse astheratio
and the resulting mass spectra are dominated by ions which®f the abundaces of the Jlons d+ue to the individual
are not structurally diagnostic of PAN itself. In this study we Protonatedbasesviz. {INH 'J/[AH "]}. Theoretical treat-
report that it is possible to introduce PAN via a semi- Mentsof the kinetic method="'°lead to the approdmate
permeable membrane. Furthermore, one can use thisEXPression.
procedure to generate positively and negatively charged [NH*] APA
forms of intact ionized PAN. | {[AHﬂ} T 3

The measurement of thermochemical quantities of PAN eff
is of intrinsic interest and potentially important to the where[NH'] and [AH'] are the abundacesof the two
development of analytical techniques for detection of this protonatedbases,APA is the proton affinity difference
species. Although some thermochemical properties of PAN
have been estimated theoreticallyno information is

0

available regarding the proton affinity (PA) of PAN. This o
study therefore aims also to utilize membrane introduction I @/
to estimate this quantity by application of the Kkinetic /C\ 00—
method. H,C ° \
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betwea the conpoundsA andN, and T is the effective
tempeatureof the acivated dimerion. Whenthe effective
tempeantureis known from examiration of compoundsof
known PA, Egn (3) canbe usedto provide proton affinity
valuesfor anunknown, A. Notethatthe methodcanbeused
to estabish the relative order of proton affinities evenin
casain which thefragmentationshownin Eqn(2) proceeds
exclusiely to give one setof products

The kinetic method has beenusedfor detamining the
gasphase acidities and basicties of many classes of
compoundst3141718|t hasals allowed the determiration
of othe ion affinities, including ammonum ion,*® metal
ion, 222! chlorine caton,?? cyanie catiorf®> and carbonyl
isocyan&e®® cation affinities. It is often sensiive to smal
thermochemcal differences (well below 1 kcal/mol), andis
appicable to polar and non-vdatile sanples, evenwhen
they are not available in pure form, asis the casein this
study.** The methodis bestappliedto chemicaly similar
speciesin which caseentropyeffectson reaction ratestend
to cancel.In sore case$® the dissocation of covakently
bound ions is emgdoyed insteal of the more desrable,
weakly bound,clustersof cationsandneutal molecues.

The preent study emgoys chemial ionization to
geneateproton-bounddimers(or, lessdesirally, covalently
bound complexes) between PAN and various reference
compounds.ThesereferencecompoundsN, eachof known
PA, areusedto establisha correlationbasedon Eqn (3) by
plotting In[NH)/[AH*] vs. the PAs of the reference
compounds Further, from Eqn (3), it follows thatthe slope
of the straght line is equalto 1/RTes and the x-intercep
correspadsto the PA of the unknown (PAN).

Membrane introduction massspectrometry

The useof MIMS in procesamonitoring andenvironmental
analyss is attractve becase of the selectiviy and
sensilvity it provides Membraneswerefirst usedin mass
spectranetryfor monitoring photosynhetic processe$® and
later the method was adaptedto soluion anaysis, by
examiration of compoundsthat permeége through hollow
fiber capillaty membanes?’ Since then, this area has
growrt®=° and MIMS has also been applied to such
important areas such as biological waste water treat
mert,3! chenical reactionmonitoring 23 biorea¢or mon-
itoring®>*—>8 and especialy to the analgysisof volatile and
semivolatile orgaric compound£®3°~! Key to recent
develgpmentsin MIMS hasbeenthe useof flow injection
methodsof sanple handing***3in which the soluion is
transpoted overthe surfaceof the membraneopften located
in a direct inserion membane probe in the ion soure.
MIM Sis partiaularly usefulfor ambent air samplingsince
it avoids the need for pre-concentation and yet allows
separdbn of analytesfrom watervapor.

EXPERIMENTA L

Instr umentation

A Finnigan MAT, TSQ 700 triple quadupole mas
spectraneter(Finnigan Inc., SanJose,CA, USA) wasused
in all theexperiments.Theinstrunentwasoperaté in either
the electron ionization (El) or chemnical ionizaion (Cl)
modeto give either positively or negatively chagedions
Refeencecompoundsof known PA were introducedinto
the ion sourcethroughthe gaschromabgraphy(GC) inlet
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via a Granvile Phillips variable leak valve (Granvile
Phillips Co.,Boulder, CO, USA) with heatng asnecessar
to provide sufficient vapor presure.lsobuta® wasusedas
the chenical ionization reagent gas for postive ion
expeiments and ammona for negativeion experments.
The sourcetempeaturewas maintainedaslow aspossite
(ca.35°C) andthedirectinsertionmembrangrobewasnot
heatd;the samplesimply wasallowedto permeée through
the membraneinto the sourceunder ambent condtions.
The manifold tempenture was held at 30°C for all
expeiments,to minimize thermaldecompaition of PAN.
The typical scanrangewas70-300 Da/chargeandthe scan
ratewas0.5s/scan. Theproductionof adductions, including
proton-bownd dimers, is strongly depen@nt on the partial
presureof the constiuentcompoundsand the ion source
condtionswereoptimized to maximize the signalintensiy
of eachproton-bounddimer.

lons correspading in mass-toehargeratio to proton-
bound dimers were generagd in the ion soure and mass-
sekctedusing thefirst quadupole Theseionswereexcited
and dissocatedin the seconl quadupole undervery mild
condtions, viz. nominal 2-4eV collision enegy, using a
nominal argonpressureof 0.4 mtorr. A typical main beam
attenusion was 10-20% (but seeexceptionsbelow). The
abundacesof the fragment ions were measued from the
produd ion massspectrageneated by scanningthe third
quadupole Eachsetof peakratioswasmeasued from an
avemge of at least twenty individual scans Collisional
activation of all other ions, including protonatedPAN, the
hydride addtion produd and the anion radical, employed
30eV collisions and the same nominal argon target
presure.

Membrane and sampleinlet sysems

A directinsation membaneprobé™ wasusedto introduce
PAN. The membane probe utilized a silicone sheet
membane (Tecmical Produds Inc., Decatur, GA, USA)
with a thickness of 0.013cm and surface area of
approimately 30mm?. The membane was sandviched
betwee a Teflon spacerandthe end-ing of the probe
Since neat PAN is an explosiveliquid,** it was never
isolated from n-dodecangthe solvent of choiceduring its
synthesislinsteadit wassymhesizedjsir? aprocedurevery
similar to thatdescrited by Nielsenet al.* (seeScreme1).
The soluion-phase nitration was carried out in high
molecularweight hydrocarton solvent Sdode:ane)to take
advanage of the lipophilicity of PAN.*® The solution of
PAN in dodecae was purgead with nitrogen, allowing the
volatile solue PAN to betranspotedto the membraneand
into the massspectraneter. A detailed descrigsion of the
sanpleintroduction systenis given elseswhere*’ During the
PA measuementthe PAN impingerwaskeptin anice bath
andthe sanple waskeptrefrigeratedbetwee experinents.

RESULTS AND DISCUSSION

Figure 1 showsthe total negaive ion signalplottedaganst
time when a membranes usedto samplethe vaporfrom a
PAN solutionin n-dodecane.lonizationemployedelectron
attadiment underCl conditions(usingNHs asreagengasto

medate elecron enegies and so pronote electronattach-
mernt). PAN permegesthe dimethyl vinyl siliconepolymer
membanevery readly asshown by therisetime (t109—909)

of approximaely 15 secomls. Thistime is comparéleto the
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rise times of mary volatile orgaric compaindsin MIM S
using silicone membanes. Howeve, the short time is
noteworthy since the membraneprobe was not heatedto
assistthe transport of PAN through the membane. The
slightfall-off in signal atlongtimesis probablydueto small
changs in membane permeability such effects are well
known and do not affect quantitaton performed using
external standardsoluions.

Unde the condtions chosenfor this experiment PAN
fragmentsextensively giving virtually no intact molecuar
radical anion. (Note, however that the occurrerce of ion/
molecue reactionss strongly depenénton thereagentgas
and expeimental condtions chos& and M~ ions were
obsevable, seebelow.) As one would exped, the major
fragmentsin the massspectrun are the characeristic ions
m/z46 (NO, ™), 30% relative abundace; m/z62 (NO3™),
100%;m/z59 (CHsCO, "), 8%, andm/z75 (CH;CO;™ and/
or CHNO;™), 22%. Schene 2 illustrates sorre of the ions
formed and suggestsprobale fragmentéion pathways.
Thereis a minor peak (5% relatve abundace)at m/z93,
assigred to CO loss from the intact radical cation. This
probably occursafter methyl rearrangementthrougha six-
membeed cyclic intermedate to an oxygen on nitrogen.
Note althoughthe fragmentsare assumedo arisefrom the
anion radical M, there may be contributiors from the
hydride addition product,[M+H] ~, m/z122. Neitherform
of molecdar ion is obsened in spectrataken under
condtions in which the partid pressureof PAN is low.
Both areobservedat higherPAN presures(seebelow)and
both arelikely precusorsto the nitrateion at m/z62.

Plots of thetime profiles of themajorfragmentionsin the

electronattachimentmass spectrunof PAN arevery similar
to thetotalion plot, asshown in Fig. 2. The idertical forms
of these plots confirm that these negatively charged
fragmentions are all formed from the sane compound.
The dataalso demongtate that the shortrise timesalready
noted(Fig. 1) areaccompaiedby equallyremarkabé short
fall times. The data of Fig. 2 also serveto provide an
indication of therepeaatability of the measurerants.Figure3
showsa negativeion massspectrum takenat a highe PAN
partial pressure under which conditions ion/molecule
reactionsare extensve. Note the abundat [M+H] ™ ion as
well asthe presenceof mary othe adductions Most of
thesearereadly accountedfor astheresultsof asso@tion
of a fragment anion of PAN (HO™, HO,, CH;CO, ™,
NO,™, NO;™, etc) with the neutral molecue. The peak
assignmergtin this spectrun are basedin part on tancem
massspectranetry resuts which are discussd below. The
peakat m/z93 is dueto the methyl rearrangementprocess
alreadydisaussedsoit is interestingto notethe presenceof
anion, m/z106, which corresponddormally to the methyl
radicallossprodud. Thebasepeakin thespectrun, m/z119,
correspads formally to molecdar hydrogen elminaion
from theanion, radical althoughit is morelikely to ariseby
fragmentdion of one of the molecularadductions. Thereis
evidencethat the hydride adduct [M+H]~ undegoesloss
of the elementsof Hj: this is found in the fact that the
negativeion ClI mas spectrarecordedusing CCl, (CI™
reagent) and CH,Br, (Br~ reagent) display the halide
addition produds with PAN, i.e. [M+X]~ aswell asthe
remarkabé ions[M+X — H3] .

The mas spectrum of PAN, recordedunderpositiveion
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Figure 1. Totalion currentvs.time for ionsformedby electronattachmen{NH;
reagentgas) to PAN (m/z 121) showing permeability through a silicone
membraneThe responsdime, t109_g0% IS 15 S.
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Figure 2. lon currentvs. time plots for individual ions andthe total ion currentfor negativeions generatedrom PAN by
electronattachmen{NH; CI). Fragmentatioris extensive the molecularion is very weak,andthe major fragmentsinclude
m/z46, m/z62, m/z75 andm/z93. The massrangewas 70 to 250 Da/chargeandthe scanratewas0.5 s/scan.
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Cl condtions using isobutane Cl reagent gas, showeda
chamcterisic protonaed molecue asa major peakat m/z
122 Howeve, unlike the negatiwe ion spectra it showed
abundat ionsdueto the alkanesolvent It alsoshowedow
abundace adduct ions and fragmens such as m/z 61,
protonatedaceticacid.

The complexity of the CI mass spectrais clearly a
conseuenceof the easewith which PAN undegoesion/
molecule reactionsin both the negative and postive ion
modes. This makegsancemmassspectranetry (MS/MS)the
method of choice for its determiration, and data were
recadedfor two differentforms of the molecuar ion, M™*
and [M+H]™. The collision-inducel dissocation (CID)
spectum of the PAN anion radical (Fig. 4) shows the
fragmentions alreadynoted at m/z75 (presunably formed

LH.)
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Q
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M+CH;CO,)
= MCHLY o uey (MEFCELCO
2 60 13§(M+OH)y
< M.CO) 154(MHHO,)
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Figure 3. lon/moleculechemistryof PAN underelectronattachment
conditions. The hydride addition product of PAN [M+H] ™, corre-
spondsto m/z122. Ammoniawas usedto mediateelectronenergies
andso promoteelectronattachment.
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Figure 4. Collision-induceddissociation(MS/MS) spectrumof the
PAN molecularradicalanionM ™ (m/z121). Argon wasusedasthe
collision gasandthe collision energywas24eV.

by the lossof NO,) andm/z62 (presunably formedby the
loss of CHsCO, radical) while m/z89 might be dueto O,
elimination.The CID spectrum of the[M +H] ™ ion, m/z122,
is alsostructurdly diagnosic. The 30eV argoncollision gas
spectrum showsm/z62 (lossof acett acid) asthe dominart
fragmention. Interestingly, a paren ion scanfor m/z 62
shows m/z80 aswell astheexpededm/z122. This suggests
that acett acid elimination may occurin two steps.

Tandemmassspectranetry is alsothe preferredmethod
of examning PAN in the positive ion mode The CID
spectrun of protonated®AN generagd underisobutaneCl
condtions (Fig. 5) shows one major fragment ion,
correspondingto NOs™, m/z 62 and a minor ion, NO,™,
m/z46. The peakat m/z62 correspadsto the elimination of
acett acid from [M+H]", and the peak at m/z 46
correspondsto the net elimination of peraceticacid This
CID spectrin denonstrates how readly and simply
protonatedPAN fragments

Taken togeher, the resuts presented here demorstrate
thepossiblity of rapidandselecive PAN meaurementdy
tancem massspectranetry, eitherthroughfragmentation of
M™* followed by detectionof m/z75, or fragmentationof
[M+H]*, followed by detectionof m/z62. To maxmize
sigral, care must be taken to contol the ion/molecule
readions to which PAN is pronein both the negatiwe ion
modeandin the positiveion mode(compae Fig. 3).
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Figure 5. Collision-inducel dissociation (MS/MS) spectrum of
protonatedPAN [M+H]* (m/z 122). Isobutanewas usedas the ClI
reagengas.Thecollision gasusedwasargonandatacollision energy
of 29eV.
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Figure 6. Collision-induceddissociation(MS/MS) spectrumof the
proton-bounddimer of PAN and monofluoroacetonelsobutanewas
used as the CI reagentgas. Activation was achievedwith 2eV
collisionson anargontargetat a nominal pressureof 0.4 mtorr.

Proton affinity of PAN estimated by the kinetic method

In orderto esimatethe PA of PAN, proton-bounddimers
with referexcecompoundsof knownPA weresought Same
wereformedandtheyarereadly recaynizedby their facile
dissociaibn undermild CID conditions (nominal 0 to 4 eV
collision energy) to give the protonaed forms of the
individual compounds. For example, the adduct ion
generatedyy ionization of PAN using mondluoroacetone
as the reference compoundwas mass-sleced and dis-
sociatedby collision undervery mild activaion conditions.
Asis obviousfrom theprodud ion spectumshown in Fig. 6
collision-induceddissociaion of the clusterion produces
just two fragment ions, due to the two competing
dissociaibn reactionsshown in Egn (2). Thesecorrespad
to the protonated reference compound at m/z 77 and
protonatedPAN at m/z 122. This fragmentgéion behavior
under mild activation conditions is evidence for the
formation of the proton-tound dimer* The fact that both
monomes competesuccessfully for the protonrequiresthat
the PA of PAN be similar to that of mondluoroacetone?®
This reference compoun hasa PA of 190.2kcal/mol and
hencethe PA of PAN must be within 2 kcal/mol of this
value. (Note that newly revised® PA values are used
exclusivey here) This quantitaive concluson is basedon
prior measuementson mary sysems;if one assumesan
effective tempeature of 500 K (Egn (3)) one calculates
from themeasuedion abundaceratio, a PA value for PAN
of 191.5 kcal/mol The PA valueis betteresimated from
data for a number of different reference compounds.
Unfortunately, only five conpounds of 25 compounds
(with variousfunctionalgroups)studiedgaveproton-tound
dimerswith PAN. Otherseitherfailed to give adductionsof
the apprgriatemasspr gavesteble adductsvhich failed to
undergo significant dissociation upon CID, or yielded
covalentadductswhich are disaussedbelow. Data on the
proton bound dimers and other adducs from which
conclusionsaaredrawn,are sunmarizedin Table1.
Acetore behave analgously to fluoroacetone,but the
higher PA of the referaxce conpoundmeantthat the only
fragment observed upon dissocation was protonated
acetoneThis setsan upperlimit for the PA of PAN at the
valueof theacetonePA, i.e. 194.1kcal/mol. An upperlimit
is alo providedby ethyl acetateat 199.7kcal/mol The 2,3-
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Table 1. Product ions generatedfrom the adducts of peroxyacetyl nitrate and various reference compounds

Reference MW PA? (kcal/mol)
Fluoroacetone 76 190.2
Ethyl formate 74 191.3
2,3-Butanedione 86 192.1
Acetone 58 194.1
Ethyl acetate 86 199.7
Acetaldédyde 44 183.8
Propionaldehyde 58 187.6
Acrylonitrile 53 187.5
Butyraldehyde 72 189.5
n-Butylbenzene 134 189.3
Nitrobenzene 123 191.1
t-Butylalcohol 74 192.9
Butyronitrile 69 191.2
Valeronitrile 83 191.8
Dioxane 88 190.7

3 FromRef. 48.
b Protonated®AN and protonatedreferencearethe diagnosticions.

PAN (PA)°
Typeof adduct Diagnosticfragmentions® (kcal/mol)
PBD" 100%° m/z122> m/z77 (3.5:1) 191.5
PBDf 95%; m/z75> m/z122 (10:1) 189.0
PBD® 30%; m/z122> m/z87 (3:1) 193.2
PBD 100%;m/z59, no m/z122 <194.1
PBD 100%;m/z87,no m/z122 < 199.7
covdent” 10%; m/z122 dominanf > 183.8
covdent 85%; m/z59 ~ m/z122 ~ 187.6
covdent 30%; m/z122 dominant > 187.5
covdent 30%; m/z73,nom/z122 < 1895
covdent 30%; m/z135> m/z122 < 189.3
covdent 5%; m/z124> m/z122(4:3) 190.8
covdent 20%; m/z75,no m/z122 <1929
covdent 50%; m/z70,no m/z122 < 191.2
covdent 80%; m/z84,no m/z122 <191.8
covdent m/z89 only, nom/z122 < 190.7

¢ Conclusiordrawnfrom theindividualmeasurementjncertaintydependsnthefraction of thefragmention currentin thediagnostigpeakand otherfactorsdiscussedh

the text.
4 PBD = proton-bouncdimer.
¢ Diagnosticions asa percentagef total fragmentions.

fIn this casethereis evidencefor a contributionfrom a covalentisomer;thereare minor ions at m/z46 and 60 which makeincreasingcontributionsat higherenergy.

9 Thereis evidenceof a contributing covalention.

" In the caseof the covalentcompoundsthe natureand abundancesf ions otherthanprotonated®AN (m/z122) and protonatedreferencgM +1], arenot indicated

explicitly.

butanedionecaseis interesting, since both fragmentsare
obsevedandapplyingthe 500K assumgbn gives a PA for
PAN of 193.2kcal/mol. Ethyl formate also gavea proton-
bound dimer, but in this casethe ratio of fragment ion
abundaceswasstrongl depen@nton the collision enepy.
The protonaéd esterpeakhad ten times the abundace of
protoratedPAN at 2eV andthis translateso a PA for PAN
of 189 kcal/mol, againmakingthe sameassumgbns.Taken
togeher, these data indicate that the PA of PAN is
apprximately 192 kcal/mol, with an uncetainty of about
2 kcal/mol

In orderto testthis result attemps were madeto form
protortbounddimerswith othe compounls.Of thosewhich
gaveadductof the apprgriate mass¢hargeratio, tenwere
covalentcomplexes(or mixturesof loosely boundclugers
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Figure 7. Collision-induceddissociation(MS/MS) spectrumof the
mass-selectegroton-boundlimer(m/z245)of PAN andnitrobenzene.
Activation wasachievedwith 2 eV collisionsusinganargontargetata
nominal pressureof 0.4 mtorr.
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and covalentcomgdexes)which nevethelessyielded NH
andbr AH' (Egn. (2)) on CID. The data for these
compoundsis included in Table 1. Note that the evidence
that thee were covalently bound adducs lies in the
presence of othe fragment ions. Figure 7 showstypical
CID datafor the adductof protonaed PAN and nitroben-
zene, m/z 245. Fragmenation gives principally m/z 177,
indicative of a covalently bound structure however, the
expected protonatedmonomes, m/z122 and 124 are also
pregnt and are observedin low and similar abundaces.
This providestentative evidencethat the PA of PAN is
similar to that of nitrobenzene(191.1kcal/mol), a conclu-
sionin agreenentwith thedataontheproton-tounddimers.
Note, however that the abundace of the fragmention at
m/z177makesthisresultlessreliable In applicatonsof the
kinetic method, it is generally preferdle to examire
disociationsof loosely boundcluster ions** The fact that
mary of the systens repoted onin Table 1 are covalently
bound is not unexpetedin view of the high reactvity of
protonatedPAN. In othercasesstronglyboundcluser ions
havebeenusedto esimatethermocherital values®>°and
in the caseof PAN they provide valuabk confirmaion of
the estmatedPA, sincefew protonbounddimers could be
formed The data for thee ten additional reference
compoundssetupperand lower limits for the PA of PAN
which areconsisentwith thevalueof 191obtdanedfrom the
proton-bownd dimers althoughthe uncertanty is widened
to £+ 3 kcal/mol. Notethattheindividual measuementdead
to the PAN PA valuesgiven in the last column of Table 1.
The measurements uncertaindueto uncertainties in the
literature PA value$® (which are often 1-2 kcal/mol), the
fact that reference compounds with a wide variety of
functional groupswere used,and becauseso many of the
complexeswere covalenly bound.In otherwords,thisis a
paricularly difficult casein which to appl the kinetic
method.Howeve, we havecompensted for thesedifficul-
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ties by making measuementswith a large numker of
referencecompoundsand are confidert that the estimated
PA is correct,within the estimated3 kcal/mol uncerténty.

The estimatedprotonaffinity for PAN is highe thanthe
valuesreportedn theliteraturefor the estersof nitric acic®
andrelaed compound®>*which arein therangel75-177
kcal/mol. On the otherhand, it is similar to the valuesfor
carlbonyl compoums such as formate esters The most
electronegéive site in PAN is therefore probaly the
carlbonyl oxygen.This makesit likely thatthe protonbinds
there. A possibé strucure of the proton-bownd dimer is
shown in the caseof fluoroacetoneasstrucure ll. CID of
the proton-lound dimer of PAN and ethyl acetategives
exclusively the protonated monamer of ethyl acente
(PA=199.7 kcal/mol, see Table 1). This obsewation
indirectly suppots the assumgbn that Il is a likely
strucure of the proton-lound dimer of PAN and monc
fluoroacetor. Structuresin which binding is through the
nitro group are possibé but lesslikely given the low PA
valuesfor nitrate esters

HaC CH
3 \ ® - / 3

O C—O .......... H .......... O_C

\ /

N——0——0 CHzF

/ (€]
0]
©

This studyhasdemorstratedthat PAN canbe monitored
using postive or negative ion mass spectometry with
sanple introduced by MIMS. This capability has been
appied to the estimaton of its PA. Futurework will focus
ontheuseof MIMS to performtraceanalyss of PAN butno
estmateson the sensilvity or detecton limits of the MIM S
methodareyet avaiable. However,the responsdimesare
appr@riately short (lessthan 1 minute) for applicationto
atmosyheric monitaring and the method clearly provides
very high specificty, espea@lly if tandemmas spectre
metryis used.
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