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Electron impact ionisation cross-sections of 2-heptanone
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Abstract

The electron impact ionisation of 2-heptanone between 13 and 78 eV is studied using mass spectrometry. CH3C(O)CH2CH2CH2CH2CH3
+

and fragment ions are produced with a total cross-section of 5× 10−16 cm2 towards 50 eV. Two ions, identified as CH3CO+ (43 amu) and
CH3C(OH)CH2

+ (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. ForE= 14 eV, the ion of 58 amu is the most abundant followed by an ion of 59 amu identified
as being CH3C(OH)CH3

+; they result from a bond cleavage with one or two H atom rearrangements. ForE≥ 48 eV, the ion of 43 amu is the
most abundant; it results from an�-cleavage reaction in the molecular ion.
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. Introduction

The 2-heptanone is an odorous molecule contained in var-
ous foods such as blue cheese. It is available for commer-
ial use and results also from the partial oxidation of the
-heptane in which the oxidation at the carbon atom in posi-
ion 2 predominates[1,2]. It is one of many volatile organic
ompounds (VOC) released in the atmosphere, contributing
o the formation of pollutants, especially in urban areas. The
ost important tropospheric reactional pathway for this ke-

one is the reaction with the hydroxyl radical (OH) leading,
ia an H atom abstraction, to different alkyl radicals. These
adicals react with O2 to form peroxy radicals, ozone and or-
anic nitrates by reactions with NO. The rate constant of the
eaction of the OH radical with 2-heptanone has been mea-
ured[3,4], the mechanisms and the products of the different
eactions have been described by Atkinson et al.[5].

These species are particularly harmful for the environ-
ent and so more and more restrictive legislations have been
dopted. In Europe, the G̈oteborg protocol (1999) stipulates

that the VOCs released in the atmosphere have to be re
by 35% before 2010. It has been shown that the combin
of a pulsed electrical discharge with a catalyst is very pro
ing for atmospheric pollutant removal[6,7]. Experiments o
2-heptanone removal using a plasma-catalytic hybrid r
tor have been performed by Ayrault et al.[8] and a high
synergy effect between the oxidation catalyst used an
non-thermal plasma has been evidenced. A complete u
standing of the physical and chemical mechanisms invo
requires a detailed knowledge of the 2-heptanone conve
kinetics in the gas phase. Data are needed concernin
electron collision processes on the pollutant molecule,
the values of the cross-sections and the types of ionic
neutral species formed via the dissociative excitation
ionisation processes. A great variety of species shou
produced; they can react together through charge trans
with oxygen atoms and with hydroxyl radicals produced
electron collisions on the background gases of the pol
effluents, i.e., O2 and H2O. In order to get an insight into th
gas phase reactivity, kinetic models are currently being
veloped to predict the conversion of VOCs and the forma
∗ Corresponding author. Tel.: +33 169 157 497; fax: +33 169 1578 44.
E-mail address:jean-rene.vacher@pgp.u-psud.fr (J.R. Vacher).

of by-products in the plasma. However, for the 2-heptanone,
very little is known about the electron collision processes.
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In this paper, mass spectrometry measurements of the elec-
tron impact ionisation of 2-heptanone are reported, and cross-
sections for the formation of fragment ions are measured. Par-
tition processes leading to the observed ions are suggested.
We hope that these results will provide a better knowledge of
the chemistry of the 2-heptanone cation, which already con-
stitutes a rich area of research in organic mass spectrometry
[9].

2. Experimental and theoretical method

The experimental apparatus and procedure have been pre-
viously described in detail elsewhere[10–12]. Some im-
provements have been made by modifying the gas mixture
control, the data measurement and the vacuum system. The
measurements are made with xenon which has an ionisation
threshold of 12.13 eV[13], smaller than for argon (15.76 eV
[13]) which was used previously. The choice of Xe rather than
Ar allows the measurement of the evolution of cross-sections
between 13 and 16 eV; this gives useful information on the
nature of the ions. Moreover, the knowledge of the cross-
sections at low energies is very useful in the development
of kinetic models. The 2-heptanone (Aldrich, 98%) liquid
is introduced at room temperature, through a septum, into a
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parison of these results allows to estimate an uncertainty of
6% (70 eV) to 10% (15 eV) on the ionisation cross-sections
of Xe; this does not involve any significant error in our mea-
surements. Concerning the intensity ratios measurements, the
background noise of the residual gas is recorded before each
gas admission and is taken into account.

The transmission through the quadrupole strongly de-
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
spectrometer. The cross-section for the formation of ion of
massM from 2-heptanone is given by:

σ(M) = σ(Xe)
I(M)

I(129)

Pp(Xe)0.283

Pp(2one)

M

129

whereI(M) is the measured intensity for massM, I(129) is
the intensity for mass 129 uma of Xe (chosen as a reference),
Pp(Xe) and Pp(2one) are the partial pressures of xenon and
2-heptanone, 0.283 is the measured fraction of xenon at mass
129 uma.

In order to estimate the precision of our results, we mea-
sured the ionisation cross-section of argon by using the above
formula with Ar substituted for 2-heptanone. Between 20
and 78 eV, we found fluctuations of±20% around the val-
ues given by Wetzel et al.[14]. Below 20 eV, our results are
h eV.
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a plot-
umped stainless-steel reservoir (back pressure 10Torr).
he vapour thus formed is introduced into a gas contain
partial pressure of less than 1 Torr so as to prevent the
ensation of the ketone. As it is important that the forma
f condensation droplets be avoided at cold spots, the s

ty of the pressure is checked before the addition of xe
Air Liquide, 99.995%) in the gas container. Pressures
easured with a precision of 0.001 Torr; the partial pres
f xenon is twice that of 2-heptanone. The gas mixture is
dmitted into a gas-holder at a controlled pressure of 0.3
nd then leaked, through a 50�m diameter hole, into the ana
sis chamber. To reduce water impurities, the inlet gas s
s baked and the background pressure is as low as 10−8 Torr.

Ions are formed in the ionisation chamber (at a con
ressure of 5× 10−6 Torr) by the impact of a focalised ele

ron beam over the energy range 10–78 eV. Based on a
arison with rare gas ionisation thresholds, the accura

he measured electron energy is estimated to be±0.5 eV. The
ons are then accelerated, focused and mass analyse
ibermag R 10–10 quadrupole mass spectrometer with
lution (M/�M) better than 400. The various ionic species
etected by means of a channel-electron multiplier follo
y a Faraday cup and the collected current then record
computer (which also controls all of the set-up functio
he intensity ratios of the ionic fragments of 2-heptan

o Xe+ ions give the cross-sections for the formation of
ragments relative to that of xenon ionisation[14], the par
ial pressures of 2-heptanone and of xenon being known
hoice of cross-sections given by Wetzel et al.[14] is due
o more detailed values near threshold than are availab
ther cross-sections[15–18]given by the literature. The com
igher than those of Wetzel, with an error up to 30% at 17
The geometrical optimisations and the total electr

nergies for all the studied molecules, radicals and
ere performed with the 6–31G(d,p) basic set using
artree–Fock (HF) theory. This medium level basic se

ows to compare the energies of the species. The ionis
nergies were computed as being the difference betwee

otal energies of the fully optimised neutral molecule and
orresponding radical cation. This HF ab initio method
erestimates the ionisation energies by 0.1–0.8 eV[19] for

he alkanes. Assuming a similar trend for the species list
able A.1for which experimental data are not quite availa
his method allows to choose the species having the w
st ionisation energy. It should be pointed out that the u

arger basic sets does not modify the relative energies
ignificant way. All the optimised geometries correspon
o a minimum point have real frequencies. Thermodyna
as-phase data were computed at 298.15 K and 1 atm w
se of the internal thermal energy and the absolute en
f each species. Ab initio calculations were carried out u

he Gaussian 98 series of programs[20].

. Results and discussion

Fig. 1 shows the total ionisation cross-section of
eptanone over an energy range of 13–78 eV. The c
ections for the formations of various CnHmO+ and CpHq

+

ons are shown inFigs. 2–5. We estimate, according to Sect
, that the uncertainty of the given values is 20% above 2
nd 30% below 20 eV. The total ionisation cross-section
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Fig. 1. Total ionisation cross-section for the formation of ions from 2-
heptanone with cross-section larger than 2× 10−18 cm2 at 78 eV.

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
cross-section for the ion formation from 2-heptanone shows
a threshold level at 10–15 eV, rising rapidly up to 30 eV
and reaching a maximum value of 5× 10−16 cm2 at around
50 eV before decreasing slightly to 4× 10−16 cm2 at 78 eV,
the maximum usable voltage.

Fig. 3. Cross-section for the formation of ions issued from 2-heptanone by
a C–C bond split with H atom rearrangement.

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 than 2× 10−18 cm2 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 the ions 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
[21] and thus reduces the cross-section for the formation of
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-

F amu
r

ig. 5. Cross-section for the formation of ions of 27, 29, 39, 41 and 55
esulting from the dissociation of 2-heptanone.
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Table 1
Cross-sectionsσ (10−16 cm2) 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. Ions are listed in order of decreasing cross-section at 78 eV

Mass (amu) 78 eV 48 eV 18 eV 14 eV

σ σ Relativity (%) σ σ Relativity (%) σ σ Relativity (%) σ σ Relativity (%)

43 1.47 36 2.32 40 0.39 24 0.039 8.2
58 1.15 28 1.29 22 0.66 41 0.22 47
71 0.27 6.6 0.29 5.0 0.15 9.2 0.035 7.4
27 0.22 5.4 0.29 5.0 – – – –
29 0.18 4.4 0.32 5.5 – – – –
59 0.17 4.2 0.19 3.3 0.12 7.4 0.055 12
41 0.17 4.2 0.34 5.9 0.010 0.62 – –
39 0.13 3.2 0.22 3.8 – – – –
42 0.081 2.0 0.15 2.6 0.008 2.1 – –

114 0.077 1.9 0.11 2.0 0.074 4.6 0.052 11
55 0.073 1.8 0.15 2.6 0.059 3.6 – –
72 0.035 0.86 0.052 0.90 0.034 2.1 0.021 4.5
99 0.031 0.76 0.055 0.95 0.039 2.4 0.019 4.0
57 0.023 0.56 0.046 0.79 0.009 0.55 – –
85 0.023 0.56 0.039 0.67 0.034 2.1 0.019 4.0
56 0.022 0.54 0.042 0.72 0.017 1.0 0.006 1.3

ability to produce kinetically energetic ions is small. This is
the case when the molecule is large and has many degrees
of freedom, as for 2-heptanone, and the fragment ion’s mass
is large as compared to the neutral counterpart[22]. Wash-
burn and Berry[23] have shown that for ions issued from
n-butane, only ions of 26, 27, 39 and 41 amu undergo a sig-
nificant discrimination. With 2-heptanone, we can see that
the lightest ions of 27, 29, 39 and 41 amu (Fig. 5) have cross-
sections around 310−17 cm2; this is six times higher than for
the heavier fragment ions of 85 and 99 amu (Fig. 2), which are
supposed to have weaker excess kinetic energies. We can thus
estimate that, for the selected masses inTable 1, no signifi-
cant discriminations due to a possible excess kinetic energy
occur.

All the ions listed inTable 1have two to seven carbon
atoms. The methyl ion CH3+ is observed at 78 eV but is very
minor and disappears when the electronic energy decreases.
The molecular ion C7H14O+ of M = 114 amu and the frag-
ment ion of 99 amu (M-15) are well observed from 78 to
13 eV. It is interesting to note that these results are different
from those obtained for two alkanes having the same molec-
ular weightM: n-octane[24] and iso-octane[12]. For the
first alkane, the ion ofM amu and the methyl ion are ob-
served whereas the fragment ion ofM-15 amu is missing.

For the second one, the ion ofM amu is missing whereas
CH3

+ and the fragment ionM-15 amu are observed over the
whole energy range. This suggests that the formation of an
appreciable number of ions from iso-octane results from pri-
mary processes: kinetic energy resulting from the electron
ionising collision is converted into internal energy that can
lead to the fast dissociation of the ion into a smaller one and
a neutral fragment.

One must however suppose that discrimination effects
due to excess kinetic energy may occur for the methyl ion.
Fiegele et al.[25] have observed, using propane, that the ki-
netic energy distribution presents two groups of ions: one
with a quasi-thermal energy and one with a kinetic energy
around 3 eV. These two groups result from two different for-
mation processes. From the kinetic energy distribution, they
corrected the measured partial ionisation cross-sections for
CH3

+ by multiplying by a factor of 5.
The fact that the molecular ion is observed over the whole

range of ionisation energy suggests that the formation of an
appreciable number of ions results directly from the frag-
mentation of the molecular ion via a simple C–C bond split
process or via a C–C bond split followed by a H atom rear-
rangement between the two fragments. The data inFigs. 2–4,
with low onset energies and a rapid increase in cross-section,

T
D e C–C

O

( 2CH2C
( (43)

( CH2CH
( )CH2C
( )CH2C
( )CH2C

M

able 2
issociation reactions of the molecular ion (OE+•) resulting from a simpl

E+• EE+

1) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → C(O)CH
2) CH3(CO)CH2CH2CH2CH2CH3

+
(114) → CH3CO+

3) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → CH2CH2

4) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → CH3C(O
5) CH3(CO)CH2CH2CH2CH2CH3

+
(114) → CH3C(O

6) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → CH3C(O

asses are given in amu.
bond split process and listed by increasing carbon order

R• �G◦ (kcal mol−1)

H2CH2CH3
+

(99) CH3(15) +7.3
CH2CH2CH2CH2CH3(71) +14.1

3
+

(57) CH3C(O)CH2(57) +24.6
H2

+
(71) CH2CH2CH3(43) +16.0

H2CH2
+

(85) CH2CH3(29) +36.5
H2CH2CH2

+
(99) CH3(15) +34.6
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exhibit such a formation. The data inFig. 5shows the cross-
sections for the other ions listed inTable 1.

In the following, we will explain the formation of most of
the ions considered inTable 1as the result of a simple bond
splitting of the molecular ion (Table 2) or a bond splitting
with rearrangement (Table 3). We will then try to understand
the nature of some of the other ions.

3.1. Formation of ions from simple bond split

The molecular ion, with one unpaired electron and an even
mass number, noted OE+• as usual, can decompose via a C–C
bond cleavage, into a lighter ion with an even number of elec-
trons and an odd mass number, noted EE+, and an odd mass
number radical noted R•. Table 2lists, in order of increasing
C, the six C–C bond split processes and also the masses of
the corresponding ions and radicals. In such a process, not
any rearrangement into the ion and the radical after the cleav-
age is supposed. According to Stevenson’s rule, the fragment
of lowest ionisation energy is favoured to retain the charge
and become the ionic product; the positive charge is thus as-
signed with respect to the calculated ionisation energy given
in Table A.1. Corresponding Gibbs energies gas phase data
for dissociation reactions are computed using the previously
defined theory, and are given in the right column ofTable 2.
T he to-
t d the
f ate.
I sary
f is not
t

s:
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i
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the C1 methyl, the second one from the bond splitting process
(6) with loss of the C7 methyl. We note, according toTable 2,
that reaction (1) is approximately five times less endothermic
than reaction (6) and about two times less endothermic than
reaction (2). Reaction (1) can thus occur with an electron en-
ergy lower than for reactions (2) and (6). At low ionisation
energies, the ion of 99 amu, which has the lowest calculated
ionisation energy (Table A.1), can be described as EE+ given
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 85 amu inFig. 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
99 amu issued from reaction (6). Reactions (5) and (6) have
also similar changes in the Gibbs energy. Their formation
results from a similar mechanism and the cross-sections for
their formation are thus similar.

The cross-sections for the formation of observed ions of
43, 57 and 71 amu below 30 eV decrease faster than for ions
of 85 and 99 amu. These ions issued from reactions (2)–(4)
via bond dissociation, are listed inTable 2. The Gibbs en-
ergy changes for these reactions are larger than for reactions
(1) and lower than for reactions (5) and (6). The calculated
ionisation energies are slightly lower than for 85 and 99 amu.
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t could be possible that an activation energy is neces
or the occurrence of these splitting processes, but this
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he adjacent C2 atom with an electron issued of one o
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ult from the dissociation of the molecular ion. For the i
ssued from both�-cleavages, the acylium ion CH3C≡O+

43 amu), remains the most abundant over a wide ran
onisation energies; this results from the loss of the lar
lkyl radical in the molecular ion. However, the data for

on in Fig. 2shows that this cross-section decreases qu
elow 28 eV and reaches the cross-section value for a
f 71 amu at 14 eV and the cross-section values for ion
5 and 99 amu at 13 eV. Two ions correspond to mass 9
rst one issued from the�-cleavage reaction (1) with loss

able 3
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7) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → CH3

8) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → CH2

9) CH3(CO)CH2CH2CH2CH2CH3
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(114) → CH3

10) CH3(CO)CH2CH2CH2CH2CH3
+

(114) → CH2
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mong these reactions, reaction (3) results from the m
ion of the charge and an inductive cleavage leading to
ormation of the alkyl ion of 57 amu. As this process requ
Gibbs energy larger than for a simple bond dissociation
ross-section for the formation of this alkyl ion is thus we
articularly for electron energies lower than 15 eV as sh

n Fig. 2.

.2. Formation of ions from bond cleavage with
earrangement

The molecular ion, OE+• can also be decomposed, vi
–C bond splitting and a H atom rearrangement, into a lig

on with an odd number of electrons and even mass nu
OE+•), and a neutral alkane or alkene notedM. Table 3lists,
ccording to decreasing cross-sections, the four observe
hose formation can be described by such a mecha
he positive charge is assigned with respect to the mea

onisation energy[13] given inTable A.2.
The ion of 58 amu (reaction 7) is the result of a two s

rocess. First, the formation of the O–H bond occurs; th

lit with H atom rearrangement and listed in order of decreasing cross

M �G◦ (kcal mol−1)

CH2
+

(58) CH2CHCH2CH3(56) +3.0

) CH3CH2CH2CH2CH3(72) +17.5
CH2CH2

+
(72) CH2CHCH3(42) +6.9

+
(56) CH3CH2CH2CH3(58) +11.1
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atom is transferred by a sterically favourable six-membered-
ring transition state. It results a change in the position of the
radical site now localised on the C5 atom. The second step
is an�-cleavage by a splitting of the C3–C4 bond yielding
the even mass ion and a stable molecule. The resonance of
the radical site stabilises the product ion which is similar
to an alkyl radical. This specific mechanism is well known
and is usually referred to as the “McLafferty rearrangement”
[26,27]. The formation of the resulting propene-2-ol ion and
1-butene is associated with a lower Gibbs energy change and
reaction (7) requires a weak excess of energy. Thus, the cross-
section for the formation of this ion is one of the largest over
the whole ionisation energy range and is the largest for the
low energies as shown inTable 1.

The ion of 42 amu can be described by the radical cation
CH2=C=O+•; it results from�-cleavage with a H atom rear-
rangement, before or during the C2–C3 cleavage, yielding a
very stablen-pentane molecule. However, one can note from
Fig. 3, that the cross-section for the formation of this ion
clearly decreases below 50 eV. This tendency can be com-
pared to the one observed for the ion of 57 amu inFig. 1.
Reaction (8), like reaction (3), is associated with a variation
of the Gibbs energy which is appreciably higher than the pre-
vious reactions; this can thus explain the weak cross-section
measured in this range of energies.
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cyclopropanone yielding a more stable H2CCH2C≡O+• rad-
ical cation. The calculated Gibbs energy change associated
to reaction (10) confirms this assumption; the ion of 56 amu
could thus be produced by such a process.

The ion of 59 amu can be regarded as resulting from two
H atoms rearrangements. In a first step, one H atom is trans-
ferred from the C5 atom to the O radical site. As for the ion of
58 amu, the C5 radical site can initiate an�-cleavage reaction
resulting in the fragmentation of the C3–C4 bond, the frag-
mentation being then followed by a H atom rearrangement
from the C6 to the C3 atom during the bond cleavage. This
process, which is usually observed in the decomposition of
esters or amides, is referred to as the “McLafferty + 1 rear-
rangement”[27,29]. It can lead to the CH3C(OH)CH3 cation
and a 1-buten-3-yl radical:

CH3C(O)CH2CH2CH2CH2CH3
+•

→ CH3C(OH)CH3
+ + C4H7

• (11)

This process is not in competition with the single H re-
arrangement process which remains dominant. However, the
data inTable 1shows that at 14 eV, the cross-section for the
formation of the ion of 59 amu, is the largest after that of the
ion of 58 amu. It is interesting to compare the cross-sections
for the formation of these two ions as they are issued from
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ing. One can moreover note fromTable 3, that the Gibb
nergy associated with this reaction remains low, as fo
ction (7). The cross-section for the formation of this io
pproximately 1% of the total cross-section at high ion

ion energy and it is 4.5% at low ionisation energy (Table 1).
herefore, the ion of 72 amu can be formed by suc
echanism.
The cross-section for the formation of the ion of 56 a

n Fig. 3 is similar to that of the ion of 72 amu for energ
igher than 30 eV and becomes much smaller at weake
rgies. However, this cross-section remains larger tha

he ion of 42 amu and accounts for more than 1% of th
al cross-section at 14 eV as shown inTable 1. If we make
he assumption that this ion is formed from a cleavage
earrangement, the Gibbs energy change associated wi
ormation should be included between that of reaction (8
hat of reaction (9). A C3–C4 bond splitting via a H-atom
rrangement from C1 to C4 can lead to then-butane molecul
nd the unstable cation CH2C(O)CH2

+•. A C atom rearrange
ent can then be considered through a transition by th
he same first step of rearrangement.Figs. 3 and 4show tha
he cross-sections are practically constant from 28 to 7
he values for the ion of 58 amu remaining approximately
ime higher than that of the ion of 59 amu. Below 28 eV, b
ross-sections strongly decrease, slightly faster for the i
9 amu. Assuming that the common first step is relatively
nd requires a weak activation energy, the second ste
ifferent: (i) for the ion of 58 amu, the process consists
imple�-cleavage, (ii) for the ion of 59 amu, the migrat
f a H atom is necessary: this requires an additional en
nd slows down the formation of this ion. The cross-sec

or the formation of this last ion is thus lower than that of
on of 58 amu.

.3. Formation of the other ions inTable 1

The cross-section for the formation of the molecular ioM
Fig. 4) at 78 eV is 20 times smaller than that of the predo
ant ion (43 amu), but it becomes larger at 14 eV (Table 1). As

his predominant ion results from an�-cleavage reaction, i
ormation obviously requires an energy higher than 9.18
he threshold for ionisation of the 2-heptanone[30]. Accord-
ng to the decrease of the ionisation energy, the cross-se
or the ionisation of the 2-heptanone thus decreases
lowly than that of the formation of the ion of 43 amu.

Fig. 5 shows cross-sections for the formation of
ons which together account for 19% of the total cro
ection at 78 eV. As the electron energy increases, the c
ections rise relatively slowly and reach their maxim
round 40–50 eV. This trend is different from what is
erved (except for the ion of 42 amu) inFigs. 2–4, for which
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the cross-sections remain appreciably constant beyond 30 eV.
Table A.3lists the formulas corresponding to these masses.
Whereas the ions of 27 and 39 amu are identified as vinyl and
propargyl ions, there is an ambiguity for the other three ions.
We can observe that, with weak ionisation energies (<10 eV),
these three ions have a cross-section clearly larger than that
of the ion C2H3

+ and C3H3
+.

4. Conclusion

The electron impact ionisation of 2-heptanone produces
molecular ions and fragment ions with a total cross-section of
5× 10−16 cm−2 towards 50 eV. Cross-sections for the forma-
tion of the major species are measured between 13 and 78 eV.
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
over the whole range of electron energies above the ionisa-
tion threshold. At low energy (14 eV), ions of 58 and 59 amu
are predominant and result from a bond cleavage with one
or two hydrogen atoms rearrangement. The most abundant
ion at high energies (≥48 eV) is the ion of 43 amu which
results from a simple�-cleavage reaction in the molecular
ion. The calculated ionisation energies as well as the calcu-
lated free energies of dissociation reactions of the molecular
i nic
s

T
C

M )

4
4
7
7
2
8
1
9
9
5
5

T
I

M )

4
4
7
7
5
5
5
5

Table A.3
Possible formula and corresponding ionisation energy for the species of
Fig. 5

Mass Ion Name of the radical I.E. (eV)a

55 C3H3O+ Propenoyl 7.00
55 C4H7

+ 1-Butene-3-yl 7.49
41 C2HO+ Ethynyloxy 9.50
41 C3H5

+ Allyl 8.10
29 CHO+ Formyl 8.12
29 C2H5

+ Ethyl 8.13
39 C3H3

+ Propargyl 8.67
27 C2H3

+ Vinyl 8.25
a From[13].

Appendix A

Supporting information available: Ionisation energies cal-
culated for the species issued from a simple C–C bond split-
ting (Table A.1) and ionisation energies given by the literature
(Tables A.2 and A.3).
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