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Abstract

Absolute total cross sections for the dissociation of the CO* beam to C* and O [CO™ + H, (or N,, SFg) — C* (or C) + O (or O*)] in the energy
range from 1.0 to 9.0keV were measured. We found values of the order from 107!° to 10~!7 cm? for the dissociation to channel C* + O with all
targets used herein. While for the dissociation through channel C + O* the absolute total cross section show overall decreases of at least one order
of magnitude. The measurements reported here are not found in the literature and the increasing availability of the data on these systems may

stimulate work in this direction.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In any collisional interaction between ions and neutral
molecules, the perturbation of the projectile ion with the neutral
target molecule leads to the collisional excitation of the former.
If the vertical excitation energy is much larger than the dissoci-
ation energy of projectile ions, then projectile ion could result
in its fragmentation. Collision-induced dissociation (CID) can
be used to study different fundamentals aspects. CID has been a
widely used ion-molecule collision technique for structure deter-
mination and fragment pathway analysis, has also been useful in
identifying the electronic states of the dissociation products, as
well as to measure cross section of dissociation process [1-8].

Collision of fast molecular ions with target atoms or
molecules is a subject of fundamental interest as well as of
importance for fields such as astronomy, chemical reactions,
and most importantly plasma injection heating. In collisions of
molecular ions with target atoms, several competing reactions
are involved such as dissociation, ionization, and electron cap-
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ture. The importance of each of these reactions is dependent
upon the initial state of the molecular ions as well as on the
collisional energy.

Carbon monoxide is the second most abundant molecule in
the universe after molecular hydrogen, and is present in wide
variety of astrophysical environments. Therefore, it is important
the investigations about CO* ion for the knowledge of phys-
ical and chemical processes taking place in the atmospheres
of planets. However, singly charged carbon monoxide has been
less observed in those environments [2]. Studies about collision-
induced dissociation of CO" ion are scarce; however, the studies
about photoionization as well as dissociative recombination and
excitation of CO* ion are very abundant [9—15].

Studies about ion-molecule and ion-atom with CO* are
scarce, however several experiments related with the interaction
between CO™ ion with atoms and simples molecules have been
reported [16-23]. These investigations have allowed obtaining
fundamental information about its electronic structure. The first
work about the collision of CO* with molecules appeared in
1957 [16]. In this work, Melton and Wells studied the induced-
collision dissociation of CO* with Hy, Dy, Np and CO. They
measured the relative cross section for dissociation of CO* with
respect to dissociation with He from 1 to 5 keV projectile energy.

Dowek et al. [6] studied the He*—CO and He—CO collision
to know different electronic states of CO and CO*. Their results
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show a Rydberg series from 11 to 14 eV in the CO. They also
could identify the excited states A’I1, B2X*, C?x*, DI y
F2* of CO*. Krishnamurthi et al. [23] used the CO*—H, col-
lision to study the excitation to states B2x*, C2x* and D211,
with energies of projectile of 1.8 keV. Dentamaro and Katayama
[24] studied the transition between A2I1(v =0) and BZX*(v=0)
states of CO* using CID. Moran et al. [24] measured the thresh-
old of dissociation of CO to C* and O using CID form 0.65
to 3.2keV, their results show a threshold of dissociation at
19.54+1.0eV. Luetal. [5] studied CO* + CO reaction and found
the appearance potential of C* at 2.5 +0.1eV. The fragmenta-
tion of CO* has been also studied using multicharged heavy
impact ion [25-27].

In this work, we have measured the absolute total cross sec-
tion of the dissociation of CO* to C* + O and C + O™ in collision
with Hp, N and SFg, in the range from 1 to 9 keV and 5 to 9 keV,
respectively.

2. Experimental

The present apparatus is practically the same used previously
[28-30]. A schematic diagram of the experimental apparatus is
showninFig. 1. The CO* beam was electrostatically accelerated,
momentum analyzed by means of a magnetic mass spectrome-
ter, and passed through a series of collimators before entering
the gas cell. The dissociation cross sections were measured by
passing the CO* beam through the gas cell. The beam inter-
acted with the gas in the cell and is dissociated to C* and O
or C and O*. The dissociation products entered the detection
chamber and were mass/charge separated by an electric field
produced by the appropriate voltage applied to a pair of plates.
This field diverted the charged fragments 12° from the path of
the undeflected beam direction. On one side, a parallel-plate
electrostatic analyzer was located 20cm away from the edge
of the plates and oriented at 45° between the charged fragment
direction and the field. A channel electron multiplier (CEM)
was positioned at the exit of the analyzer. A rectangular slit of
0.3 mm width and 10 mm long was placed in front of the CEM,
and a collimator of 2.8 mm diameter at the entrance of the energy
analyzer provided the energy analysis of the charged fragments
by sweeping the applied voltage between the plates of the ana-
lyzer. These conditions result in an energy resolution (AE/E) of
0.04. In this work, the parallel-plate analyzer was not used. On
the opposite side from the undeflected beam direction, a CEM
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with a 0.9-cm-diameter active area was located to register the
total fragment count rate. A retractable Faraday cup was placed
at the exit of the target cell to measure the total current of the
ions beam. The detectors and the analyzer were shielded to pre-
vent unwanted events. This setup allows the measurement of
the laboratory energy distribution of the charged fragments, the
current intensity of the initial ion beam, and the total intensity of
the fragments, all necessary for the measurement of the absolute
total cross sections. Due to the energy liberated in the dissocia-
tion process, and to ensure the detection of all particles, the cross
sections were measured under different conditions. The diam-
eter of the entrance aperture of the collision cell was reduced
from 1 to 0.45 mm, and the distance from the exit aperture to the
detectors was decreased by 10 cm; no significant change in the
measurements for the total cross sections was found. The data
from which the cross sections were calculated were obtained
under “single collision condition” by the well known expres-
sion:

ey

where Fj is the ratio of the intensity of the fragment j to the
intensity of the initial beam with single charge i, o;; the cross
section for the dissociation to the fragment j, where i is the charge
state of the beam particle before interaction, j the fragment after
the interaction, P the gas cell pressure, and « is given by the
expression:

Nyl
o= —
RT

where Ny is the Loschmidt’s number, R the gas constant, T the
absolute temperature, and / is the effective length of the gas cell.

The interaction cell contained the molecular gas targets (Hp,
N> or SFg) at a constant pressure of less than 0.2 mTorr, thereby
guaranteeing single collision conditions.

Fj = er,-jP

@

3. Results and discussion

When CO is ionized, CO" is formed, and in collisions with
target, the CO™ may undergo the following processes:

COt+X,— CT+0°+X, (3)
COT+X;—» C'+0" +X, “)
COT+Xy—» CO'4+0%+X,+ (5)
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Fig. 1. Experimental apparatus.
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Fig. 2. Absolute total cross section for the dissociation of CO* through C* + O
channel, in collision with H, (H), N, (@) and SF¢ (A).

and
COT+X,— CT+0T+Xs+e (6)

However, the main dissociation paths of CO" leading to the
production of ionic fragments are the channels (1) and (2).

The CO™ ions were produced, accelerated, focused, and
allowed to pass through a set of collimators into the target cell
that was maintained at a constant pressure. Both parent ions
as well as fragments resulting from the dissociative excitation
in collision with the target were registered on one of the open
channeltrons by setting the required voltage on the electrostatic
deflection plates. These measurements were conducted at differ-
ent distances between the electrostatic deflection plates and the
detector. Following that, the distance was chosen to be 14 cm,
in which the total collection of both ions was achieved.

The cross sections were determined by the standard method
based on the measurement of the growth of the intensity of the
fragments as a function of the target pressure in the reaction cell.
We applied the first- and second-order approximations for the
solution of the coupled differential equations that describe the
growth of the intensity of each fragment as a function of the
pressure. The difference between both values being less than
3%. Then the cross sections were determined from the linear
regression of the growth of the intensity of each fragment as a
function of pressure.

Fig. 2 shows the absolute total cross section of the dis-
sociation of CO* to C* and O in collision with Hp, N> and
SFg, with the error bars representing the reproducibility of the
data. The values of the cross section, over the energy range
under study, are very similar to the different targets (Table 1).
Fig. 3 shows the absolute total cross section of the dissociation
through the channel C + O™, in collision with H, and N». It was
not possible to measure the cross section at projectile energies
lesser than 5 keV with our experimental system. At low projec-
tile energies, <5SkeV, it is not possible distinguish between the
signals of the fragments and the noise. With SFg target only
was possible to measure the cross section at 8 and 9keV pro-
jectile energies, the results were of 5.37 4 0.064 x 10~'® and
7.56£0.29 x 10718 cm?, respectively (Table 2). Considering

Table 1
Absolute Total cross sections for the formation of C* ions coming from the
collision of CO* ion on Hy, N; and SFg

Energy (keV) o (x10717 cm?)

H N, SF¢
1 0.03 0.02 0.05
2 0.14 0.19 0.23
3 0.62 0.56 0.61
4 1.32 0.94 1.01
5 1.83 1.20 1.33
6 2.34 0.11 1.57
7 2.72 1.77 2.17
8 3.13 1.96 2.52
9 3.06 2.02 2.64
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Fig. 3. The absolute total cross section of the dissociation of CO* through C + O*
channel in collision with H, (l), and N, (@).

the targets used in this work (molecular system), we assumed
that during the collision, part of the kinetic energy of the CO™ is
transferred into internal excitation energy of the target as well as
projectile, yielding X3 and CO™ in dissociative or metastable
states lying at different energies above the C* + O or C + O* dis-
sociative limits. The quantum structure of the target determines
the value of energy transferred into the projectile.

On the other hand, the channel C + O is reached at 10.5eV
according Ref. [23] and we assumed that at projectile ener-
gies lesser than SkeV it is not possible obtain the necessary
energy transfer. Fig. 4 shows some of the states of CO*, which

Table 2
Absolute total cross sections for the formation of O* ions coming from the
collision of CO* ion on H,, N, and SFq

Energy (keV) o (x10717 cm?)

H; N, SFg
5 1.24 - -
6 2.26 1.89 -
7 3.56 3.30 -
8 3.89 4.36 0.54
9 4.60 5.90 0.76
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Fig. 4. Potential energy curves of CO* [23].

could be excited in the collision process. It is reasonable, there-
fore, to suppose that at low kinetic projectile energies the CO*
highly excited states are not populated (2 Iy, My, 2Ty, 2=ty
and E’2X), therefore, is less likely to open the channel C + O*.
Finally, we assumed that when the collision occur with a com-
plex target (complex quantum structure) it is possible that the
energy is transferred into the target in place of into the projec-
tile. Therefore, we have not observed O* fragments at projectile
kinetic energies lesser than 8 keV when used SFg as target.

4. Conclusions

Absolute total cross sections for the dissociation of the CO*
beam to C*+0 and C+O" in the energy range from 1.0 to

9.0keV has been measured. Absolute total cross section for the
dissociation of CO* through the channel C+O" is preferred.
However, the type molecular target has a strong influence in the
dissociation of CO*.
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