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Fragmentation and Kinetic Energy Release of Ions
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The high resolution double focusing mass spectrometer of reversed Nier�Johnson geometry was used in research
of ionization and fragmentation processes of ethanol molecules C2H5OH. Using the mass-analyzed ion kinetic energy
technique, fragmentation paths and kinetic energy release distributions were examined for the four fragmentation
reactions: C2H6O

+ → C2H5O
+, C2H6O

+ → C2H3O
+, CH3O

+ → CH2O
+ and CH3O

+ → CHO+. For all fragment
ions from these reactions mean values of kinetic energy release 〈ε〉 were determined. We calculated mean values
of 〈ε〉 as 22.70 meV, 62.15 meV, 30.25 meV, and 117.20 meV for C2H5O

+, C2H3O
+, CH2O

+, and for CHO+ ions,
respectively.
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1. Introduction

Ethanol as one of the most popular solvents, is widely
used in chemical industry, where it is a component of
fuels [1], founds, paints, lacquers or perfumes. Due to
its �avor properties and simple production process (i.e.
fermentation of sugar), ethanol is applied in the food
industry. In medicine it is used for disinfection and ster-
ilization.
Due to the above applications, a number of C2H5OH

molecules, ions and free radicals is present in the atmo-
sphere where they can undergo ion�molecule and frag-
mentation reactions. We can study these processes in lab-
oratory conditions and observe how molecules and their
fragments decline in the ionosphere, as a result of decay
processes of the parent ions.
Ions and free radicals of C2H5OH can interact with

each other. As a �nal result there is possibility of the for-
mation of particular ions and compounds causing green-
house e�ect. For this reason it is useful to determine the
behavior of ions under conditions ionization and fragmen-
tation processes of C2H5OH can occur.
Pilling et al. measured dissociation channels of double

ionized ethanol [2] employing soft X-ray photons from
a toroidal grating monochromator beamline and time-of-
-�ight mass spectrometer TOF-MS. They obtained mean
kinetic energies, abundances and dissociation pathways.
In our earlier studies we examined ionization and frag-

mentation processes of acrylonitrile, acetaldehyde and
methanol [3�6]. In the experiment reported here, we
obtained fragmentation pathways for single ionized ions,
created as a result of collision of the electron beam with
the molecules of ethanol (C2H5OH). Moreover, we as-
sessed the values of mean kinetic energies of fragmented
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ions created as a result of spontaneous fragmentation of
parent ions.

2. Experimental

Using the double focusing mass spectrometer of the
Nier�Johnson (B�E) geometry allows us to obtain ba-
sic information about ionization processes, recorded mass
spectrum of primary ions, and assessed appearance en-
ergies. Moreover, we can use the mass-analyzed ion ki-
netic energy (MIKE) technique for the parent and frag-
mented ions. On the basis of the MIKE spectra, we can
determine decay channels of the ionized molecule, the
life time of fragmenting ions as well as kinetic energy
release and kinetic energy release distributions for the
fragmented ions [3�7]. This spectrometer was described
in detail previously, and in this work it is described brie�y
[3�5, 8]. The apparatus contains the Nier-type electron
impact ion source and the channeltron-type based detec-
tion system. The vacuum system allows to obtain the
background pressure of 4 × 10−8 mbar in the measure-
ment system.
The vapor of heated ethanol (purity 98%) is introduced

into the ionization chamber in the ion source through
a capillary leak gas inlet system. In that chamber the
electrons of approximately 100 eV energy, colliding with
C2H6O molecules produce ions. Electrons are emitted
from the heated cathode and focused into a beam by the
magnetic �eld parallel to the electron beam axis. Dur-
ing measurements the electron current was constant and
was set to 0.3 mA. The ions created in the ion source are
extracted from the ionization chamber by a weak elec-
tric �eld. Ions are formed into a beam and accelerated
to the required energy by the system of electrodes with
appropriately selected potentials. For the present results
the accelerating voltage (Uacc) was set to 4 kV. After-
wards the focused and accelerated ion beam is de�ected
by the 90◦ magnetic �eld, where the ions are separated
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due to their momentum. Then the ion fragments pass
through the second �eld-free region (ff2) and again they
are de�ected by the 90◦ electric �eld. Finally, the ion
beam is registered in the detection system by using the
channeltron-type electron multiplier [3�5].

3. Theoretical interpretation of MIKE spectra

The used MIKE technique gives the possibility to ob-
serve and interpret spontaneous fragmentation of the par-
ent ions (zp, mp) into the fragment ions (zf , mf), which
are created in the second �eld-free region (ff2). It also
gives the opportunity to get information about the ki-
netic energy carried by the fragment ions, as well as the
mutual sharing of energy between the fragments, during
the fragmentation process [3, 4].
MIKE spectra are recorded by tuning the magnet to

transmit only the parent ions and changing the value of
the electric sector voltage. The electric sector transmits
fragment ions (zf , mf) if the sector voltage for fragment
ions (Uf) is set to the following condition:

Uf =
mfzp
mpzf

Up, (1)

where Up is the voltage between the electrodes of the elec-
tric �eld sector for the observed maximum of the parent
ions signal and Uf is the voltage for fragment ion, respec-
tively.
During the measurements reported here, the observed

MIKE peaks have the Gaussian shape. In this case the
analysis of MIKE spectra and calculation of 〈εMIKE〉 are
relatively simple [7]. When the peaks shapes are slightly
di�erent, the complex methods of analysis must be used.
The mean kinetic energy carried by ions, that are created
as a result of fragmentation processes occurring in the ff2
sector, can be calculated from formula (2), based on the
width at half maximum of the Gaussian approximation
of the MIKE spectra for the fragment ions [9, 10]:

〈εMIKE〉 = 2.16
z2f (mp)2Uacc

16zp(mf)(mp −mf)

(
∆U

Up

)2

, (2)

where ∆U is the width at half maximum (FWHM) of
the MIKE peak of the fragment ions, formed during the
fragmentation of the parent ion.
The value of the kinetic energy release can be also

obtained by using kinetic energy release distributions
(KERDs) [11]. Based on the de�nition of mean value, the
average kinetic energy 〈εKER〉, obtained from the KER
diagrams, is de�ned as the �center of gravity� below the
graph of KERD.

4. Results and discussion

Figure 1 presents the mass�ion spectrum of ethanol.
The most intensive peak belongs to the ion CH3O

+, al-
though the molecular ion is C2H6O

+. Very low intensity
of the molecular peak observed in the mass spectrum,
con�rms the rapid disintegration into the fragments oc-
curring directly in the ion source.

Fig. 1. The mass spectrum of the primary ions of
C2H5OH.

Fig. 2. The MIKE spectrum for the parent ions
C2H6O

+ and their fragments: C2H5O
+ and C2H3O

+.

We observed four fragmentation reactions occurring in
the ff2 region, see below Eqs. (3)�(6). For all these re-
actions the MIKE spectra were obtained and they are
presented in Figs. 2 and 3. First two fragmentations are
the decay of the molecular ions C2H6O

+ → C2H5O
+ and

C2H6O
+ → C2H3O

+ with the loss of one or three hy-

Fig. 3. The MIKE spectrum for the parent ions
CH3O

+ and their fragments: CH2O
+ and CHO+.
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drogen atoms, respectively. The other two processes are
fragmentations of the parent ions CH3O

+ into two frag-
ments CH2O

+ and CHO+:

C2H6O
+ → C2H5O

+ + H, (3)

C2H6O
+ → C2H3O

+ + 3H, (4)

CH3O
+ → CH2O

+ + H, (5)

CH3O
+ → CHO+ + 2H. (6)

For these reactions, the kinetic energies of the frag-
ment ions were calculated by using Eq. (2). The values
of 〈εMIKE〉 energies, determined from this formula are
presented in Table.

Fig. 4. The kinetic energy release distributions for the
ions C2H5O

+, C2H3O
+, CH2O

+ and CHO+ created as
a result of fragmentation reactions (3)�(6).

TABLE

The values of mean kinetic energy release 〈ε〉.

Reaction
Values of 〈ε〉 [meV]

〈εMIKE〉 〈εKER〉
(3) 22.6 22.8

(4) 62.7 61.6

(5) 33.6 26.9

(6) 125.4 109.0

For all the observed fragmented ions, also KERDs were
obtained [7, 11], and they are presented in Fig. 4. In order
to compare energies 〈εKER〉 assessed on the basis of the
KER diagrams, the results are also presented in Table.
It is worth mentioning that the 〈εMIKE〉 values obtained
directly from formula (2) and the energies determined
from the KER diagrams 〈εKER〉 are almost the same.

5. Conclusions

We studied ionization and fragmentation processes,
induced by collisions of the electron beam with the
molecules of ethanol C2H6O.

On the basis of MIKE spectra, fragmentation decay
channels for two metastable parent ions: C2H6O

+ and
CH3O

+, which were created inside the ion source as a
result of the electron beam ionization, were determined.
The four fragmentation reactions were examined (reac-
tions from Eqs. (3)�(6)). For these fragmentations the
mean values of the kinetic energy release 〈ε〉 for the
four fragmented ions: C2H5O

+, C2H3O
+, CH2O

+ and
CHO+ were received using two methods. These energies
were calculated to: 22.70 meV for C2H5O

+ ions, that
were created as a result of fragmentation reaction (3),
62.15 meV for C2H3O

+ ions, 30.25 meV for CH2O
+ ions,

and 117.20 meV for CHO+ ions. As far as we are con-
cerned the KERDs were obtained for the �rst time for
the single-ionized ions of this molecule.
In the earlier studies we have calculated appearance

energies and values of 〈ε〉 for example for acrylonitrile
or methanol [3�6, 8]. The results of those studies were
consistent with the literature, which testi�es to the ad-
vantages and accuracy of all our measurements.
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