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A. Overview
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Small molecular doubly-charged ions (dications) are usually highly energy-rich and
reactive metastable species.1"3 However, despite their high internal energy content, several
molecular dications have recently been shown to display considerable chemical reactivity
with neutral species/""1 For example:

Initial studies of the chemical reactions of molecular dications were prompted by the
mass-spectromctric observation of product channels from dication-ncutral encounters which

involved the formation
of new chemical
bonds."1'17 Since these
early observations
many new chemical
reactions between
dications and neutrals
have been

documented.
However, more
detailed investigations
of the dynamics of
these reactions are

scarce and restricted to pioneering angular scattering measurements in Prague"1"*1" and studies
of intermolecular and intramolecular isotope effects at UCL.8""'16 The angularly resolved data
from Prague demonstrates the continued power of angularly resolved studies as a probe of
ionic reaction dynamics. Hence, we have developed a new experiment which will generated
angularly resolved data to probe die dynamics of dication chemical reactions. This new
experiment does not use the traditional technique employing a rotatable angularly restricted
detector. Instead we use the power of position sensitive coincidence (PSCO) experiments'8""
to detect in coincidence both of the charged products from a dication chemical reaction. Such
coincidence data should yield the initial velocity vectors of the charged products. From these
vectors the complete kinematics of the reactive scattering process should be accessible. This
poster will present the details of this new experiment and show that, as predicted, bimolecular
position sensitive coincidence experiments provide a hugely detailed probe of liic dynamics of
dication reactions.

Figure i Schematic of (he position sensitive coincidence
spectrometer used to study dicaiion reaction dynamics.

B. Exper imental details
The position sensitive coincidence apparatus is illustrated in Figure I. Briefly, o beam of

ions is extracted from a home-built ion source. The translation^ energy, and energy spread, of
the ions in the beam is controlled by a hemispherical energy analyser through which the beam
passes. The reactant dications of interest e.g. CVs* are selected from the ion beam and



collide in the source region of a time-of-flight mass
spectrometer (TOFMS) with the neutral reactant
and the reactions of interest occur. We generate
dication beams with excellent intensity and energy
distributions. Typical beam currents are I pA at an
energy of 4 eV in the source region with a
translational energy spread of 0.1 eV. Following
the interaction of the dication beam with the neutral
target the ionic products are detected and'analysed
by pulsing an extraction voltage (30-50 kHz) in the
source region of the TOFMS. The ions then fly
down the TOFMS and are detected at a position
sensitive detector interfaced to fast timing
electronics. This position sensitive data can be
interpreted to yield the initial velocity vectors of the
two charged fragments from a dication reaction.
From these velocity vectors the dynamics of the
reaction can be determined. Experiments can be
carried out with cither a pulsed (-0.5 us) or continuous beam of reactant dicntions. The
pulsed beam produces higher quality data at the expense of longer run times.

• « 3 *

Figure 2 Scattering diagram from a
PSCO spectrum of collisions of Nc : t with
Ar. The direction of the Nc2* velocity is
indicated by the arrow. The scattering
centre is marked by a doL

C Initial experiments
Initial experiments to lest the performance of the apparatus have been performed on tlie

atomic electron transfer reaction:

Ne"* + Ar -> Ne* + Ar (2)

From the position sensitive data we can extract, as predicted, key quantities which
characterise the dynamics of the reaction. For example:

the angular distribution of each of the product ions
the angle between the product ions as they separate
the translational and internal energies of the product ions
the scattering diagram
the electronic states of the products and reactants from the energy balance.

For the Ne2+/Ar reaction representative results are presented. Figure 2 shows the
scattering diagram which demonstrates that the Ne* product is strongly "forward scattered".

Figure 3 shows the individual angular
distributions of the product ions,
relative to the initial velocity of the
rcactant NeA" ions. For NeT this
distribution, as indicated in Figure 3, is
strongly peaked in the forward
direction (near 0"). with a few ions
back scattered. However, there is clear
evidence of a bimodal (twin peaked)
angular distribution even in the forward
scattered ions. Such a bhnodal angular
distribution has been observed before
for a electron transfer reaction of an
atomic dication.2" This bitnodal

Ar* «t

Figure 3 Centre of mass angular distributions of the
products of reaction .">.
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distribution is thought to result from the different angular scattering that occurs when the
curve crossing between the reactant and product surfaces occurs on the approach or separation
of the collision system.

In addition, from the energy balance of the reaction and the measured kinetic energies of
the products, we can deduce which electronic states of the singly charged product ions are
populated in the reaction.

D. Recent work
The above data shows that the potential power of the PSCO experiment to study ion

energetics has been realised. The next step is to use this experiment to study the dynamics of
chemical reactions of molecular dications and this poster will present the first studies of
molecular dication chemical reactions using the PSCO technique. In addition, the results
from PSCO studies of the electron transfer reactions of molecular dications with the rare
gases will be presented. Such studies will allow a determination of the energy levels of
previously uninvestigated dications from the energy balance of the electron transfer process.
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