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Abstract

The electron impact ionisation of 2-heptanone between 13 and 78 eV is studied using mass spectrog@&i@) CHiCH,CH,CH,CH*
and fragment ions are produced with a total cross-section>olG ¢ cn? towards 50 eV. Two ions, identified as @EO* (43 amu) and
CH3;C(OH)CH,* (58 amu), contribute to about 60% of the total cross-section for electron energies above the ionisation threshold. The detected
ions are identified using ab initio calculations. for 14 eV, the ion of 58 amu is the most abundant followed by an ion of 59 amu identified
as being CHC(OH)CH;*; they result from a bond cleavage with one or two H atom rearrangements.>F48 eV, the ion of 43 amu is the
most abundant; it results from ancleavage reaction in the molecular ion.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction that the VOCs released in the atmosphere have to be reduced
by 35% before 2010. It has been shown that the combination
The 2-heptanone is an odorous molecule contained in var-of a pulsed electrical discharge with a catalyst is very promis-
ious foods such as blue cheese. It is available for commer-ing for atmospheric pollutant remov{#, 7]. Experiments on
cial use and results also from the partial oxidation of the 2-heptanone removal using a plasma-catalytic hybrid reac-
n-heptane in which the oxidation at the carbon atom in posi- tor have been performed by Ayrault et §#8] and a high
tion 2 predominategl,2]. It is one of many volatile organic  synergy effect between the oxidation catalyst used and the
compounds (VOC) released in the atmosphere, contributingnon-thermal plasma has been evidenced. A complete under-
to the formation of pollutants, especially in urban areas. The standing of the physical and chemical mechanisms involved
most important tropospheric reactional pathway for this ke- requires a detailed knowledge of the 2-heptanone conversion
tone is the reaction with the hydroxyl radical (OH) leading, kinetics in the gas phase. Data are needed concerning the
via an H atom abstraction, to different alkyl radicals. These electron collision processes on the pollutant molecule, i.e.,
radicals react with @to form peroxy radicals, ozone and or- the values of the cross-sections and the types of ionic and
ganic nitrates by reactions with NO. The rate constant of the neutral species formed via the dissociative excitation and
reaction of the OH radical with 2-heptanone has been mea-ionisation processes. A great variety of species should be
sured3,4], the mechanisms and the products of the different produced; they can react together through charge transfer or
reactions have been described by Atkinson €i54l. with oxygen atoms and with hydroxyl radicals produced by
These species are particularly harmful for the environ- electron collisions on the background gases of the polluted
ment and so more and more restrictive legislations have beereffluents, i.e., @and HO. In order to get an insight into the
adopted. In Europe, thed®eborg protocol (1999) stipulates gas phase reactivity, kinetic models are currently being de-
veloped to predict the conversion of VOCs and the formation
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Inthis paper, mass spectrometry measurements of the elecparison of these results allows to estimate an uncertainty of
tron impactionisation of 2-heptanone are reported, and cross-6% (70 eV) to 10% (15 eV) on the ionisation cross-sections
sections for the formation of fragmentions are measured. Par-of Xe; this does not involve any significant error in our mea-
tition processes leading to the observed ions are suggestedsurements. Concerning the intensity ratios measurements, the
We hope that these results will provide a better knowledge of background noise of the residual gas is recorded before each
the chemistry of the 2-heptanone cation, which already con- gas admission and is taken into account.
stitutes a rich area of research in organic mass spectrometry The transmission through the quadrupole strongly de-
[9]. pends on the analysed masses. The transmission factor mea-

sured for several masses was found to be inversely propor-
tional to the mass, which is common for a quadrupole mass

2. Experimental and theoretical method spectrometer. The cross-section for the formation of ion of
massM from 2-heptanone is given by:
The experimental apparatus and procedure have been pre-
. ) : : . I(M) Pp(Xe)0.283 M
viously described in detail elsewhef#0-12] Some im- o(M) = o(Xe) (M) PpXe) —

]

provements have been made by modifying the gas mixture I(129)  Pp(20ne) 129
control, the data measurement and the vacuum system. Thevherel(M) is the measured intensity for malsk 1(129) is
measurements are made with xenon which has an ionisatiorthe intensity for mass 129 uma of Xe (chosen as a reference),
threshold of 12.13 eY13], smaller than for argon (15.76 eV Pp(Xe) and Pp(2one) are the partial pressures of xenon and
[13]) which was used previously. The choice of Xe ratherthan 2-heptanone, 0.283 is the measured fraction of xenon at mass
Ar allows the measurement of the evolution of cross-sections 129 uma.
between 13 and 16 eV, this gives useful information on the  In order to estimate the precision of our results, we mea-
nature of the ions. Moreover, the knowledge of the cross- sured the ionisation cross-section of argon by using the above
sections at low energies is very useful in the development formula with Ar substituted for 2-heptanone. Between 20
of kinetic models. The 2-heptanone (Aldrich, 98%) liquid and 78 eV, we found fluctuations &f20% around the val-
is introduced at room temperature, through a septum, into aues given by Wetzel et gl14]. Below 20 eV, our results are
pumped stainless-steel reservoir (back pressuré Torr). higher than those of Wetzel, with an error up to 30% at 17 eV.
The vapour thus formed is introduced into a gas container at The geometrical optimisations and the total electronic
a partial pressure of less than 1 Torr so as to prevent the con€nergies for all the studied molecules, radicals and ions,
densation of the ketone. As it is important that the formation were performed with the 6-31G(d,p) basic set using the
of condensation droplets be avoided at cold spots, the stabil-Hartree—Fock (HF) theory. This medium level basic set al-
ity of the pressure is checked before the addition of xenon lows to compare the energies of the species. The ionisation
(Air Liguide, 99.995%) in the gas container. Pressures are energies were computed as being the difference between the
measured with a precision of 0.001 Torr; the partial pressure total energies of the fully optimised neutral molecule and the
of xenon is twice that of 2-heptanone. The gas mixture is first corresponding radical cation. This HF ab initio method un-
admitted into a gas-holder at a controlled pressure of 0.3 Torr, derestimates the ionisation energies by 0.1-0.8¥ for
and then leaked, through a péh diameter hole, intothe anal-  the alkanes. Assuming a similar trend for the species listed in
ysis chamber. To reduce water impurities, the inlet gas set-upTable A.1for which experimental data are not quite available,
is baked and the background pressure is as low a8 Tdr. this method allows to choose the species having the weak-

lons are formed in the ionisation chamber (at a constant est ionisation energy. It should be pointed out that the use of
pressure of 5 106 Torr) by the impact of a focalised elec- larger basic sets does not modify the relative energies in a
tron beam over the energy range 10-78 eV. Based on a comsignificant way. All the optimised geometries corresponding
parison with rare gas ionisation thresholds, the accuracy ofto a minimum point have real frequencies. Thermodynamic
the measured electron energy is estimated th®® eV. The gas-phase data were computed at 298.15 K and 1 atm with the
ions are then accelerated, focused and mass analysed in &se of the internal thermal energy and the absolute entropy
Ribermag R 10-10 quadrupole mass spectrometer with a res-of each species. Ab initio calculations were carried out using
olution (M/AM) better than 400. The variousionic species are the Gaussian 98 series of prograj2g].
detected by means of a channel-electron multiplier followed
by a Faraday cup and the collected current then recorded by
a computer (which also controls all of the set-up functions). 3. Results and discussion
The intensity ratios of the ionic fragments of 2-heptanone
to Xe' ions give the cross-sections for the formation of the Fig. 1 shows the total ionisation cross-section of 2-

fragments relative to that of xenon ionisatifi@], the par- heptanone over an energy range of 13—78eV. The cross-
tial pressures of 2-heptanone and of xenon being known. Thesections for the formations of various;,€nO* and GHq*
choice of cross-sections given by Wetzel et[a#l] is due ions are shownifigs. 2-5We estimate, according to Section

to more detailed values near threshold than are available for2, that the uncertainty of the given values is 20% above 20 eV
other cross-sectiori$5—18]given by the literature. The com-  and 30% below 20 eV. The total ionisation cross-section plot-
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Fig. 1. Total ionisation cross-section for the formation of ions from 2-
heptanone with cross-section larger tharn 20~18cnm? at 78 eV.
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Fig. 2. Cross-section for the formation of ions issued from 2-heptanone by
a simple C-C bond split.

ted in Fig. 1 is the sum of all the cross-sections listed in
Table 1 As the electron impact energy increases, the total
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Fig. 4. Cross-section for the formation of the molecular ion and of the ion
of 59 amu issued from 2-heptanone.

More than 60 different masses are observed but only 16
of them have been selected: those whose ionisation cross-
section is greater than210-8cm? at 78 eV {Table 1. All
the relative cross-sections are larger than 0.5% of the total
cross-sections at different voltages. The first two masses in
Table 1(43 and 58 amu) contribut to about 60% of the total
cross-section at this maximum voltage, a value that remains
over the whole range of electron energies above the ionisation
threshold. It should, however, be noticed that the most abun-
dant ion at 78 eV (43 amu) does not remain so when energy
decreases.

Discrimination effects may result from the extraction pro-
cess of theions out of the ion source and from the introduction
of the ion beam into the mass analyser. This discrimination is
due to the formation of some ions with an initial kinetic en-
ergy of several electron volts and with a velocity component
normal to the axis of the system. This discrimination reduces
the number of ions of a given mass which can be detected

cross-section for the ion formation from 2-heptanone shows 21 and thus reduces the cross-section for the formation of

a threshold level at 10-15eV, rising rapidly up to 30eV
and reaching a maximum value o8&10-16cn? at around
50 eV before decreasing slightly tod10-16cn? at 78 eV,
the maximum usable voltage.
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this ion. Our experimental device does not allow the effect of
this excess energy on the mass spectra to be distinguished.
However, it must be pointed out that, in many cases, the prob-
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Fig. 3. Cross-section for the formation of ions issued from 2-heptanone by Fig. 5. Cross-section for the formation of ions of 27, 29, 39, 41 and 55 amu

a C—C bond split with H atom rearrangement.

resulting from the dissociation of 2-heptanone.
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Table 1
Cross-sections (1016 cr?) for the formation of the main ions from 2-heptanone at 78 eV (maximum usable voltage), 48 eV (maximum total cross-section)
and two smaller voltages. lons are listed in order of decreasing cross-section at 78 eV

Mass (amu) 78eV 48eV 18eV 1l4eV
o o Relativity (%) o o Relativity (%) o o Relativity (%) o o Relativity (%)

43 147 36 232 40 039 24 0039 82
58 115 28 129 22 066 41 022 47
71 027 66 0.29 50 0.15 92 0.035 74
27 022 54 0.29 50 - - - -
29 018 44 0.32 55 - - - -
59 017 42 0.19 33 0.12 74 0.055 12
41 017 42 0.34 59 0.010 062 - -
39 013 32 0.22 38 - - - -
42 0081 20 0.15 26 0.008 21 - -

114 Q077 19 011 20 0.074 46 0.052 11
55 0073 18 0.15 26 0.059 36 - -
72 0035 086 0052 Q90 0034 21 0.021 45
99 0031 Q76 0055 Q95 0039 24 0.019 40
57 0023 056 0046 Q79 0009 Q55 - -
85 0023 Q056 0039 Q067 0034 21 0.019 40
56 0022 054 0042 Q72 0017 10 0.006 13

ability to produce kinetically energetic ions is small. Thisis For the second one, the ion bf amu is missing whereas
the case when the molecule is large and has many degree€Hz* and the fragment ioM-15 amu are observed over the
of freedom, as for 2-heptanone, and the fragment ion’s masswhole energy range. This suggests that the formation of an
is large as compared to the neutral counterf22}. Wash- appreciable number of ions from iso-octane results from pri-
burn and Berry[23] have shown that for ions issued from mary processes: kinetic energy resulting from the electron
n-butane, only ions of 26, 27, 39 and 41 amu undergo a sig- ionising collision is converted into internal energy that can
nificant discrimination. With 2-heptanone, we can see that lead to the fast dissociation of the ion into a smaller one and
the lightestions of 27, 29, 39 and 41 anfig(. 5) have cross-  a neutral fragment.

sections around 3167 cn; this is six times higher than for One must however suppose that discrimination effects
the heavier fragmentions of 85 and 99 arhig( 2), which are due to excess kinetic energy may occur for the methyl ion.
supposed to have weaker excess kinetic energies. We can thuBiegele et al[25] have observed, using propane, that the ki-

estimate that, for the selected masse$dhle 1 no signifi- netic energy distribution presents two groups of ions: one
cant discriminations due to a possible excess kinetic energywith a quasi-thermal energy and one with a kinetic energy
occur. around 3 eV. These two groups result from two different for-

All the ions listed inTable 1have two to seven carbon mation processes. From the kinetic energy distribution, they
atoms. The methyl ion C4t is observed at 78 eV butis very  corrected the measured partial ionisation cross-sections for
minor and disappears when the electronic energy decreasesCHs* by multiplying by a factor of 5.

The molecular ion @H140" of M=114 amu and the frag- The fact that the molecular ion is observed over the whole
ment ion of 99 amuNI-15) are well observed from 78 to  range of ionisation energy suggests that the formation of an
13eV. Itis interesting to note that these results are different appreciable number of ions results directly from the frag-
from those obtained for two alkanes having the same molec-mentation of the molecular ion via a simple C-C bond split
ular weightM: n-octane[24] and iso-octang12]. For the process or via a C—C bond split followegt B H atom rear-
first alkane, the ion oM amu and the methyl ion are ob- rangement between the two fragments. The dafégs. 2—4
served whereas the fragment ionMf15 amu is missing.  with low onset energies and a rapid increase in cross-section,

Table 2

Dissociation reactions of the molecular ion (Ofresulting from a simple C—C bond split process and listed by increasing carbon order

OE** EE R® AG® (kcalmol 1)
Q) CHz(CO)CHCHaCHCHaCH3™ (114 — C(O)CHCHpCH2CHyCH3 (g9 CHs(15) +7.3

@] CHa(CO)CH,CH2CHaCHaCHa ™ (114 - CH3CO" (43 CH2CH2CH2CH,CHg (79 +14.1

?3) CHz(CO)CHCHaCHCHaCH3™ (114 — CH2CH2CH>CH3* (57 CH3C(0)CHy(s7) +24.6

4) CHa(CO)CH,CH2CHaCHoCHa ™ (114 — CH3C(O)CHCHy* (71 CH2CH,CHgz 3 +16.0

(5) CHz(CO)CHCHaCH2CHaCH3 ™ (114 — CH3C(O)CHCH2CH,* (g5, CHzCHga ) +36.5

(6) CHa(CO)CH,CH2CHaCHoCHa ™ (114 — CH3C(O)CHCH2CH2CH, " (gg) CHz(15) +34.6

Masses are given in amu.
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exhibit such a formation. The datakig. 5shows the cross-  the C1 methyl, the second one from the bond splitting process
sections for the other ions listed Table 1 (6) with loss of the C7 methyl. We note, accordingtble 2

In the following, we will explain the formation of most of  that reaction (1) is approximately five times less endothermic
the ions considered ifable 1as the result of a simple bond than reaction (6) and about two times less endothermic than
splitting of the molecular ionTable 2 or a bond splitting reaction (2). Reaction (1) can thus occur with an electron en-
with rearrangemenil@ble 3. We will then try to understand  ergy lower than for reactions (2) and (6). At low ionisation
the nature of some of the other ions. energies, the ion of 99 amu, which has the lowest calculated
ionisation energyTXable A.J), can be described as EBiven
by reaction (1). Of course, for higher energies (above 30 eV),
the two ions of 99 amu could be present.

The data for the ion of 85amu iRig. 2 are similar to
those of 99 amu at all energies. This ion is issued from the
bond dissociation (5) with loss of the terminal ethyl group.
The calculated ionisation energy is close to that of the ion of
number_radical noted‘RT_abIe 2lists, in order of increasing giirrs]:]nﬁzl:i?] ;?;;ﬁictt&n é?%'bsee?:%;? _(I_Er;)eziarngjfﬁ)af:g\;e
C, the six C-C .bon.d split Processes and also the masses oflesults from a similar mechanism and the cross-sections for
the corresponding ions and radicals. In such a process, NObeir formation are thus similar.
any rearrangement into the ion and the radical after the cleav- The cross-sections for the formation of observed ions of
age is supposed. According to Stevenson's rule, the fragment43, 57 and 71 amu below 30 eV decrease faster than for ions

of lowest |on|sat|_o N energy 1s favoureql _to retain th_e charge of 85 and 99 amu. These ions issued from reactions (2)—(4)
and become the ionic product; the positive charge is thus as-

. : N > ““via bond dissociation, are listed fable 2 The Gibbs en-
signed with respect to the calculated ionisation energy given

in Table A1 C ding Gibb X h q ergy changes for these reactions are larger than for reactions
In 1able A.1 Lorresponding GIbDS energies gas phase ata(1) and lower than for reactions (5) and (6). The calculated

for dissociation reactions are computed using the previously ionisation energies are slightly lower than for 85 and 99 amu.

?_Efmed ‘he"Fy' and are g|v§r: |rlr':he dl_’]ifght colurt?ﬁtrable 2th ¢ Among these reactions, reaction (3) results from the migra-
ese energies correspond 1o the difterence DEWEEN e 034 o the charge and an inductive cleavage leading to the

tal free energy of the final species in the ground state and theformation of the alkyl ion of 57 amu. As this process requires

Kee elr:jekr)gy of th.illmgialtmolecut!art|_on in the gr.ound state. 3 Gibbs energy larger than for a simple bond dissociation, the
could be possibie that an activation energy IS NECessary .,qq_saction for the formation of this alkyl ion is thus weak,

for the_occurrence (.)f these splitting processes, but this is r‘Otparticularly for electron energies lower than 15 eV as shown
taken into account in the present results. in Fig. 2.

Reactions (1) and (2) result from-cleavage reactions:
the oxygen atom looses a non-bonding electron during ion-
isation and this odd electron then forms a new bond with 3.2. Formation of ions from bond cleavage with
the adjacent C2 atom with an electron issued of one of the rearrangement
two adjacent bonds. An even-electron ion and a radical re-
sult from the dissociation of the molecular ion. For the ions ~ The molecular ion, OF can also be decomposed, via a
issued from bothx-cleavages, the acylium ion GB=0O* C—C bond splitting and a H atom rearrangement, into a lighter
(43 amu), remains the most abundant over a wide range ofion with an odd number of electrons and even mass number
ionisation energies; this results from the loss of the largest (OE**), and a neutral alkane or alkene nokdTable 3lists,
alkyl radical in the molecular ion. However, the data for this according to decreasing cross-sections, the four observedions
ion in Fig. 2shows that this cross-section decreases quickly whose formation can be described by such a mechanism.
below 28 eV and reaches the cross-section value for an ionThe positive charge is assigned with respect to the measured
of 71amu at 14 eV and the cross-section values for ions of ionisation energy13] given inTable A.2
85 and 99 amu at 13 eV. Two ions correspond to mass 99: the The ion of 58 amu (reaction 7) is the result of a two step
first one issued from the-cleavage reaction (1) with loss of  process. First, the formation of the O—H bond occurs; this H

3.1. Formation of ions from simple bond split

The molecular ion, with one unpaired electron and an even
mass number, noted OEas usual, can decompose viaa C—-C
bond cleavage, into a lighter ion with an even number of elec-
trons and an odd mass number, noted FEad an odd mass

Table 3
Dissociation reactions of the molecular ion (OFEresulting from a C—C bond split with H atom rearrangement and listed in order of decreasing cross-section
for 78 eV

OE** OE** M AG® (kcal mott)
©) CH3(CO)CHZCH2CH2CH2CH3+(ll4) — CH3C(OH)CHZ+(58) CHCHCH,CHg(sg) +3.0
®) CH3(CO)CHCH,CHoCH,CHa ™ (114 - CHCO az) CHaCH,CHCH,CHs(rz) +175
9) CH3(CO)CHZCH2CH2CH2CH3+(ll4) — CH3C(OH)CHZCH2+(72) CH2CHCHg(42) +6.9
(20) CI—b(CO)CI—bCH2CH2CH2CH3+(114) — CH2CH2CO+(56) CH3CHzCH2CHg(sg) +111

Masses are given in amu.
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atom is transferred by a sterically favourable six-membered- cyclopropanone yielding a more stableGCH,C=0"* rad-
ring transition state. It results a change in the position of the ical cation. The calculated Gibbs energy change associated
radical site now localised on the C5 atom. The second stepto reaction (10) confirms this assumption; the ion of 56 amu
is ana-cleavage by a splitting of the C3—C4 bond yielding could thus be produced by such a process.
the even mass ion and a stable molecule. The resonance of The ion of 59 amu can be regarded as resulting from two
the radical site stabilises the product ion which is similar H atoms rearrangements. In a first step, one H atom is trans-
to an alkyl radical. This specific mechanism is well known ferred from the C5 atom to the O radical site. As for the ion of
and is usually referred to as the "McLafferty rearrangement” 58 amu, the C5 radical site can initiatesatleavage reaction
[26,27] The formation of the resulting propene-2-ol ion and resulting in the fragmentation of the C3—C4 bond, the frag-
1-butene is associated with a lower Gibbs energy change andnentation being then followedyba H atom rearrangement
reaction (7) requires a weak excess of energy. Thus, the crossfrom the C6 to the C3 atom during the bond cleavage. This
section for the formation of this ion is one of the largest over process, which is usually observed in the decomposition of
the whole ionisation energy range and is the largest for the esters or amides, is referred to as the “McLafferty + 1 rear-
low energies as shown ifable 1 rangement[27,29] It can lead to the CEC(OH)CH; cation
The ion of 42 amu can be described by the radical cation and a 1-buten-3-yl radical:
CH,=C=0"*; it results froma-cleavage wit a H atom rear- .
rangement, before or during the C2—C3 cleavage, yielding aCH3C(O)CHCH2CH2CHCHg™
very stablen-pentane mole(_:ule. However, one can note from — CH3C(OH)CHs* + CaH7* (11)
Fig. 3 that the cross-section for the formation of this ion
clearly decreases below 50 eV. This tendency can be com- This process is not in competition with the single H re-
pared to the one observed for the ion of 57 amuFig. 1 arrangement process which remains dominant. However, the
Reaction (8), like reaction (3), is associated with a variation data inTable 1shows that at 14 eV, the cross-section for the
of the Gibbs energy which is appreciably higher than the pre- formation of the ion of 59 amu, is the largest after that of the
vious reactions; this can thus explain the weak cross-sectionion of 58 amu. It is interesting to compare the cross-sections
measured in this range of energies. for the formation of these two ions as they are issued from
The formation of the ion of 72 amu can be described by the same first step of rearrangemetigs. 3 and 4how that
a process similar to the formation of the ion of 58 amu with the cross-sections are practically constant from 28 to 78 eV,
reaction (9). A H atom would be thus transferred from the the values for the ion of 58 amu remaining approximately six
C6 atom to the O radical site, then arcleavage reaction time higher than that of the ion of 59 amu. Below 28 eV, both
could initiate, from the new radical site, a C4—C5 cleavage Cross-sections strongly decrease, slightly faster for the ion of
with the loss of a propene molecule. In this process, the H 59 amu. Assuming that the common first step is relatively fast
atom would be transferred by a seven-membered-ring transi-and requires a weak activation energy, the second steps are
tion state and no resonance stabilisation would occur from different: (i) for the ion of 58 amu, the process consists of a
the C4 radical site in the product ion. Jorand et[aB] simplea-cleavage, (ii) for the ion of 59 amu, the migration
have shown that the reaction rate rearrangement via a six-0f a H atom is necessary: this requires an additional energy
membered-ring is similar to the one via a seven-membered-and slows down the formation of this ion. The cross-section
ring. One can moreover note froffable 3 that the Gibbs for the formation of this last ion is thus lower than that of the
energy associated with this reaction remains low, as for re-ion of 58 amu.
action (7). The cross-section for the formation of this ion is
approximately 1% of the total cross-section at high ionisa- 3.3. Formation of the other ions ifable 1
tion energy and it is 4.5% at low ionisation energdglfle J).
Therefore, the ion of 72amu can be formed by such a  The cross-section for the formation of the moleculambn
mechanism. (Fig. 4) at 78 eV is 20 times smaller than that of the predomi-
The cross-section for the formation of the ion of 56 amu nantion (43 amu), butitbecomes larger at 14 €ste 1. As
in Fig. 3is similar to that of the ion of 72 amu for energies this predominant ion results from ancleavage reaction, its
higher than 30 eV and becomes much smaller at weaker enformation obviously requires an energy higher than 9.18 eV,
ergies. However, this cross-section remains larger than forthe threshold for ionisation of the 2-heptan¢&@]. Accord-
the ion of 42 amu and accounts for more than 1% of the to- ing to the decrease of the ionisation energy, the cross-section
tal cross-section at 14 eV as shownTiable 1 If we make for the ionisation of the 2-heptanone thus decreases more
the assumption that this ion is formed from a cleavage and slowly than that of the formation of the ion of 43 amu.
rearrangement, the Gibbs energy change associated with this Fig. 5 shows cross-sections for the formation of five
formation should be included between that of reaction (8) and ions which together account for 19% of the total cross-
that of reaction (9). A C3—C4 bond splitting via a H-atom re- section at 78 eV. As the electron energy increases, the cross-
arrangement from C1to C4 can lead tothleutane molecule  sections rise relatively slowly and reach their maximum
and the unstable cation GB(O)CH,**. AC atomrearrange-  around 40-50eV. This trend is different from what is ob-
ment can then be considered through a transition by the ionserved (except for the ion of 42 amu)higs. 2—4 for which



J.R. Vacher et al. / International Journal of Mass Spectrometry 240 (2005) 161-168 167

the cross-sections remain appreciably constant beyond 30 eVIable A.3
Table A.3lists the formulas corresponding to these masses. Possible formula and corresponding ionisation energy for the species of

Whereas the ions of 27 and 39 amu are identified as vinyl and™9-> _

propargyl ions, there is an ambiguity for the other three ions. Mass lon Name of the radical LE. (&V)

We can observe that, with weak ionisation energies (<10 eV), 55 GgH30* Propenoyl 7.00

. . +
these three ions have a cross-section clearly larger than thaﬁi 83& é‘tEUteTe'&y' 97;‘09
. ; | 2 ynyloxy :

of the ion GH3™ and GH3™. a1 CaHo" Allyl 8.10
29 CHO Formyl 8.12
29 GHs* Ethyl 8.13

. 39 GHs* Propargyl 8.67
4. Conclusion 27 GoHa* Vinyl 8.25
a From[13].

The electron impact ionisation of 2-heptanone produces
molecular ions and fragment ions with a total cross-section of
5 x 10~ cm~2 towards 50 eV. Cross-sections for the forma- _
tion of the major species are measured between 13 and 78 eVAPPENdix A
Two ions of 43 and 58 amu contribute to about 60% of the
total cross-section at 78 eV and this trend remains the same  SUPpOrting informatipn availabldaonis_ation energies cal- _
over the whole range of electron energies above the ionisa-culated for the species issued from a simple C—C bond split-
tion threshold. At low energy (14 eV), ions of 58 and 59 amu ting (Table A.J) and ionisation energies given by the literature
are predominant and result from a bond cleavage with one (Tables A.2.and A.B
or two hydrogen atoms rearrangement. The most abundant
ion at high energies<48eV) is the ion of 43 amu which
results from a simple-cleavage reaction in the molecular References
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