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High-resolution spectroscopy of the A+ 2�← X+ 2�+ transition of MgAr+ by
isolated-core multiphoton Rydberg dissociation

M. Génévriez, D. Wehrli and F. Merkt

Laboratory of Physical Chemistry, ETH Zurich, Zurich, Switzerland

ABSTRACT
We report on a newmeasurement of the A+ 2��′=1/2,3/2 ←X+ 2�+ electronic transition of MgAr+.
The experiment relied on the resonance-enhanced multiphoton dissociation of the isolated ionic
core of Rydberg MgAr molecules. The dissociation mechanism leading to the production of Mg
atoms in high Rydberg states was used to separate the dissociation signal from the background
and record background-free spectra. The rotational structure of themeasured vibrational bandswas
partially resolved, and values of the rotational constants and band origins were extracted from the
spectra.
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1. Introduction

The MgAr+ molecular ion has been studied in a series
of experiments by Duncan and coworkers [1–4] with
the aim of spectroscopically characterising this system
and investigating elementary processes in metal-ligand
interactions and metal-ion solvation [5]. These works
stimulated theoretical calculations which, in most cases,
fell in good agreement with experimental data and pro-
vided insights into the structure of the ground and first
electronically-excited states of the MgAr+ ion [6–10].
These efforts led to the understanding that, in MgAr+
and more generally in small metal-rare-gas ionic com-
plexes, the charge is localised on the metal atom and
bonding is predominantly the result of electrostatic
interactions [2,5,7], which are of charge-induced-dipole
nature in MgAr+.

We recently carried out a spectroscopic study of
the ground electronic state of MgAr+ (X+ 2�+) by

CONTACT M. Génévriez matthieu.genevriez@phys.chem.ethz.ch Laboratory of Physical Chemistry, ETH Zurich, CH-8093 Zurich, Switzerland

pulsed-field-ionisation zero-kinetic-energy photoelec-
tron spectroscopy (PFI-ZEKE-PES) [11]. Vibrational lev-
els from v′′ = 2 to v′′ = 9were observed for the first time,
which enabled the derivation of the potential-energy
function of the X+ state. In the present article, we extend
our work to the first electronically excited state ofMgAr+
(A+ 2�) and report data that complement those reported
in Refs. [1–4].

Extending our PFI-ZEKE-PES study of the X+ state to
the A+ state would require the use of vacuum-ultraviolet
(VUV) radiation. However, table-top VUV sources pos-
sess low fluences which are incompatible with the low
density ofMgArmolecules (<108 cm−3) produced in our
experiment. Another experimental scheme was there-
fore adopted, which relies on the resonance-enhanced
multiphoton dissociation (REMPD) of the ionic core of
RydbergMgArmolecules. REMPD [12,13] is a technique
widely used to study excited states of molecular ions (see
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[5,14,15] and references therein). In molecular Rydberg
states of sufficiently high principal quantum number
(n ≥ 80 in the present work), the ionic core behaves
independently of the Rydberg electron, i.e. it can be con-
sidered isolated. In this case, we expect the REMPDof the
ionic core to closely resemble that of the bare ion, with the
difference that the Rydberg electron may remain weakly
attached to the charged fragment after core dissocia-
tion [16,17]. In this case, one may use the term isolated-
core multiphoton Rydberg dissociation in analogy to
themethod of isolated-core-excitation spectroscopy used
to study autoionizing Rydberg states of alkaline-earth
metal atoms [18–21]. This property can be exploited
to discriminate dissociation products from background
ions (here Mg+), resulting in a background-free mea-
surement. This advantage was exploited, for example,
by Krause and Neusser, to determine the dissociation
energies of benzene-rare-gas dimers in mass-analysed-
threshold-ionisation (MATI) experiments [22,23].

The present paper reports a study of the A+
2��′=1/2,3/2(v′ = 0, 1, 5)← X+ 2�+(v′′ = 3) transi-
tions of 24MgAr+ and the A+ 2��′=1/2(v′ = 1)←
X+ 2�+(v′′ = 3) transition of 25MgAr+ by isolated-
core multiphoton Rydberg dissociation spectroscopy.
The experimental setup is briefly described in Section 2.
The experimental scheme for isolated-core multiphoton
Rydberg dissociation is discussed in detail in Section 3.
The measured spectra are presented in Section 4, along
with the analysis of the rotational structure of the vibra-
tional bands. Rotational constants of the initial and final
states, together with band origins, are reported and com-
pared to earlier data. The spectator nature of the Rydberg
electron in the core-excitation and dissociation processes
is verified experimentally.

2. Experimental setup

The experimental setup has been described in detail
previously [11]. Briefly, MgAr molecules are formed
by laser ablation of a Mg rod with the second har-
monic of a pulsed Nd:YAG laser within the nozzle of a
pulsed-supersonic-expansion source, with Ar used as the
carrier gas. The supersonic-expansion conditions allow
thesemolecules to be rotationally cooled and transported
toward the photoexcitation region. The molecular beam
is collimated, 8 cm downstream from the nozzle, by a
3-mm-diameter skimmer before it enters the pho-
toexcitation chamber. The MgAr molecules formed in
the source are almost exclusively in the metastable
Mg(3s3p)·Ar a 3�0(v = 0) state and their rotational tem-
perature is estimated to be 3K [11].

In the photoexcitation chamber, the molecular beam
is intersected at right angles by the pulses from two

Nd:YAG-pumped dye lasers. The first laser, hereafter
called laser 1, is operated with the dye Styril 8 and
its fundamental output is frequency tripled using two
β-barium-borate (BBO) nonlinear crystals. The wave
number ν̃1 of the frequency-tripled radiation can be
continuously tuned in the range from 38,700 cm−1 to
39,500 cm−1, its bandwidth is 0.15 cm−1 and the pulse
energy is 0.2mJ. The second laser, hereafter called laser
2, is operated with the dye DCM and its fundamental
output is frequency-doubled with a BBO crystal. The
frequency-doubled output has a bandwidth lying below
0.1 cm−1, its pulse energy is attenuated to below 50µJ to
reduce power broadening, and its wave number ν̃2 can
be continuously tuned in the range from 31,100 cm−1
to 32,600 cm−1. Both lasers are linearly polarised along
a direction perpendicular to the direction of propaga-
tion of the molecular beam. The wave numbers of the
fundamental outputs of both dye lasers are measured
with a commercial wave metre with a specified absolute
accuracy of 0.02 cm−1.

The photoexcitation of MgAr molecules occurs inside
a 5.8-cm-long stack of five equally-spaced and resistively-
coupled cylindrical electrodes. The stack is surrounded
by two concentric mu-metal shields to suppress stray
magnetic fields. After interaction with the lasers, a small
electric-field pulse of 1.7 V/cm is applied to the stack for
6µs, followed by a large extraction pulse of 130V/cm.
The extraction pulse accelerates all positively charged
particles into a linear time-of-flight (TOF) region, at
the end of which they are detected by a micro-channel-
plate (MCP) detector. The MCP signal is amplified
and recorded on a fast digital oscilloscope, itself con-
nected to a computer for data processing and anal-
ysis. The experiment is operated at a repetition rate
of 25Hz.

3. Isolated-core multiphoton Rydberg
dissociation

Previous experimental studies of the A+ 2��′=1/2,3/2←
X+ 2�+ transitions of MgAr+ were carried out by laser
photodissociation spectroscopy of MgAr+ molecules in
the v′′ = 0 and 1 vibrational levels of the X+ 2�+
state [1–4]. The dissociation of the molecular ions was
attributed to a (1+1) resonance-enhanced multiphoton
dissociation (REMPD) process in which ground-state
ionswere first excited to theA+ state and then dissociated
into Mg+ and Ar by absorption of a second photon. The
experiments were carried out using amass-selected beam
of ground-state MgAr+ ions. By monitoring the Mg+
yield as a function of the frequency of the excitation laser,
vibrationally and rotationally resolved spectra could be
recorded [4]. In the present experiment, a neutral beam
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Figure 1. (a) Schematic diagram of the energy-level structure and excitation scheme used to record the isolated-core multiphoton Ryd-
berg dissociation spectrum of the A+ − X+ transition of MgAr+. The potential energy functions of the relevant electronic states of the
neutral molecule and the ion are depicted by the solid black curves. The notation [MgAr+ X+, A+]nl denotes a Rydberg state of the
neutral molecule in which the ion core is in the X+ (A+) electronic state. The energy scale is relative to the energy of Mg(3s2 1S0). (b)
Electric-field pulse sequence used in the experiment. The positions of the Rydberg particles (red) and ions (purple) within the electrode
stack at different times are indicated on the upper part of the figure. A schematic view of the signal at the MCP detector is shown on the
upper right.

is used instead of an ion beam. Other species present in
the beam, including Mg atoms and MgArn clusters, can
be nonresonantly ionised and dissociated by lasers 1 and
2. The large number of resulting Mg+ background ions
obscures the small Mg+ signal originating from REMPD
events. Therefore, the earlier REMPD scheme [1–4] can-
not be used in the present experiment. Instead, we fol-
low another approach in which [MgAr+ X+]nl Rydberg
states are first produced by photoexcitation of neutral
MgAr molecules in their a 3�0 metastable state. The
ion core is subsequently fragmented in a resonance-
enhanced multiphoton dissociation process taking place
within the Rydberg-electron orbit. For a sufficiently high
principal quantumnumber n of the Rydberg electron, the
ionic core of theRydbergmolecule can be regarded as iso-
lated and the excitation of the ionic core from the X+ to
the A+ state is expected to be equivalent to that of the
bare ion.

The excitation and dissociation scheme is depicted in
the left panel of Figure 1. In a first step, MgAr molecules
in themetastable a 3�0 state are excited to Rydberg states
belonging to series converging to a selected X+ 2�+(v′′)
state of the ion (v′′ = 3 for the data presented below). The
excitation is carried out with the light pulse from laser 1,
the wave number of which is set just below the v′′ = 3
ionisation threshold (39,027.1 cm−1 [11]). In a second
step, after ∼10 ns, the light pulse from laser 2 excites the
ionic core of the Rydbergmolecule from the X+ 2�+(v′′)

state to a dissociative state in a (1+1) resonant two-
photon excitation process via the A+ 2��′(v′) interme-
diate state. The time separation between the pulses from
laser 1 and 2 ensures that excitation occurs in a sequen-
tial manner. There are three possible decay mechanisms
for the core-excited Rydberg molecule in the dissociative
state: (i) autoionisation: the Rydberg electron is ejected
and the ion core relaxes to a lower-lying, non dissociative
state; (ii) dissociative autoionisation: the Rydberg elec-
tron is ejected and the molecular ion dissociates; (iii)
dissociation: the neutral Rydberg molecule dissociates
into a ground state Ar atom and a Mg atom in a Rydberg
state ([Mg+]nl). We include in mechanism (ii) the situa-
tion in which, after dissociation of the molecule into two
neutral fragments, the Mg atom is left in a core-excited
Rydberg state which rapidly autoionizes. If, instead, the
Mg core-excited Rydberg state decays by fluorescence of
the core to the ionic ground state, the decay mechanism
leads to the formation of long-lived Rydberg states of
Mg and is considered to contribute to mechanism (iii).
The branching ratios between thesemechanisms are gov-
erned by the relative magnitude of the autoionisation,
dissociation and fluorescence rates of the states under
consideration. Core-excited Rydberg molecules with the
ion core in the A+ state can also decay by autoionisa-
tion and predissociation. However, for the high n values
used in our experiments, these processes are negligible
(see Section 4).
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Mechanism (iii) results in the production of neutral
[Mg+]nl Rydberg atoms, whereas all other decay mecha-
nisms produce Mg+ or MgAr+ ions. This difference can
be exploited to detect the excitation from the X+ state to
the A+ state in a background-free manner bymonitoring
the delayed pulsed-field ionisation (PFI) of the [Mg+]nl
fragments. By applying a weak electric field of 1.7 V/cm
across the electrode stack after the interaction with the
laser pulses, all prompt Mg+ and MgAr+ ions are swept
out of the interaction region, regardless of how they
were produced, whereas [Mg+]nl Rydberg atoms remain
unaffected by the field (see right panel in Figure 1).
Indeed, a field strength of 1.7 V/cm is not large enough
to field ionise Rydberg states with n<120. After 6µs, the
large extraction electric-field pulse applied to the stack
(130V/cm) field ionises all Rydberg atoms andmolecules
and accelerates the resulting ions onto the detector. The
spatial separation between the ions generated by PFI and
background ions makes it possible to distinguish them
by their times of flight. By recording the Mg+ ions pro-
duced by delayed PFI as a function of the wave number
of laser 2, the resonance-enhanced photodissociation of
the MgAr+ core via the A+ intermediate state can be
recorded in a background-free manner.

The present photoexcitation and photodissociation
scheme is closely related to the technique of fragment-
photoinduced-Rydberg-ionisation (fragment-PIRI) spec-
troscopy [24]. In both cases, neutral molecules are first
prepared in a Rydberg state and their ionic core is later
photodissociated. In fragment-PIRI spectroscopy, how-
ever, photodissociation occurs after the separation of the
prompt ions by the small discrimination electric-field
pulse. This detection scheme has the advantage that it is
applicable tomolecules forwhichmechanism (iii) is weak
or even nonexistent. However, it does not allow back-
ground ions with the same mass as the fragment (here
Mg+) produced by the dissociation laser to be separated
from the dissociation signal. The present method uses an
electric-field pulse sequence identical to the one used in
MATI spectroscopy [25]. Previousworks dedicated to the
study of Rydberg dissociation with MATI dealt only with
the ion core in its ground electronic state [22,23]. Pho-
toexcitation was therefore carried out to the dissociative
Rydberg state directly, by single- ormulti-photon absorp-
tion. In the present case, we study the electronic excita-
tion of the ion core after the molecule has been excited
to a Rydberg state, and therefore use two appropriately
delayed laser pulses to excite the Rydberg electron and
the ion core sequentially. The excitation of the neutral
molecule to a Rydberg state prior to the photodissocia-
tion of the isolated core offers the additional advantage
that the ion core can be prepared in a selected vibrational
state.We exploited this advantage by recording spectra of

the A+ − X+ transitions from a selected level (v′′ = 3) of
the X+ state.

4. Results and discussion

We have recorded the spectra of transitions from the
X+ 2�+(v′′ = 3) state to the A+ 2��′=1/2,3/2(v′) states
of 24MgAr+ with v′ = 0, 1 and 5. An example of such a
spectrum is shown in Figure 2 and corresponds to v′ = 1
and �′ = 3/2. It depicts the yield of 24Mg+ ions pro-
duced by delayed pulsed-field ionisation as a function of
the wave number of the core-excitation laser (laser 2).
The spectrumwas recorded after excitation of the neutral
molecule to [MgAr+ X+(v′′ = 3)]nl Rydberg states with
the wave number of laser 1 set to ν̃1 = 39,018.54 cm−1,
corresponding to principal quantumnumbers of theRyd-
berg electron around 110.

The rotational structure of the spectrum is partially
resolved and consists of four rotational branches corre-
sponding to the transitions from rotational levels of the
X+ 2�+ state, described by Hund’s coupling case (b) and
labelled by the quantum number N′′ associated with the
total angular momentum without spin, to rotational lev-
els of the A+ 2�3/2 state, described by Hund’s coupling
case (a) and labelled by the total-angular-momentum
quantumnumber J′. The branches are denoted by the dif-
ference�J′N′′ = J′ − N′′ in Figure 2. The line positions ν̃

were determined by fitting individual lines with Gaussian

Figure 2. Measured and calculated spectra of theA+ 2�3/2(v′ =
1)← X+ 2�+(v′′ = 3) band of 24MgAr+. The assignment bars
shown above the spectra give the positions of the transitions to
levels of the A+ state of successive values of J′.
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Table 1. Rotational constants of the X+ 2�+(v′′ = 3) and A+ 2��′(v′ = 0, 1 and 5) states of MgAr+ determined from the isolated-
core multiphoton Rydberg dissociation spectra. The present results for v′ = 5 are compared to the results of [4]. The band origins of
the corresponding transitions are also given and compared to available data (see text). The numbers in parentheses correspond to one
standard deviation in units of the last digit. All values are in cm−1.

B′v′ ν̃v′3

v′ �′ B′′3 Present Present Literature [4] Present Literature [2,4]

24MgAr+
0 1/2 0.127(3) 0.195(3) 31,153.7(1) 31,170.7(18)
0 3/2 0.128(4) 0.192(4) 31,230.7(1) 31,246.6(18)
1 1/2 0.125(1) 0.190(1) 31,419.8(1) 31,437.8(18)

1/2a 0.125(1) 0.190(1) 31,419.8(1)
1 3/2 0.126(2) 0.191(2) 31,496.1(1) 31,515.0(18)
5 1/2 0.127(1) 0.181(1) 0.1836(8) 32,419.3(1) 32,431.6(18)
5 3/2 0.127(1) 0.182(1) 0.1836(8) 32,493.8(1) 32,505.6(18)

25MgAr+
1 1/2 0.126(3) 0.188(2) 31,418.7(1)
aData from a spectrum recorded following excitation to Rydberg states with principal quantum numbers around n = 78, instead of around n = 110.

functions. The rotational constants B′′3 and B′v′ of the ini-
tial and final states, respectively, and the origin ν̃v′3 of the
band were then obtained using

ν̃ = ν̃v′3 + B′v′
[
J′(J′ + 1)−�′2

]
− B′′3N

′′(N′′ + 1)
(1)

in a least-squares fit, with �′ = 1/2 and 3/2 for the
A+ 2�1/2 and 2�3/2 spin-orbit components, respec-
tively. The lines below 31,500.5 cm−1 consist of several
blended rotational lines and were not included in the fit.
The fit results are given in Table 1 along with the cor-
responding 1σ statistical uncertainties of the rotational
constants. The statistical uncertainties �ν̃v′3 of the band
origins determined in the least-squares fits are very small.
A more conservative estimate of �ν̃v′3 is given by the
standard deviation of the values extracted from several
independent spectra of the same vibrational transition,
as reported in Table 1. The systematic uncertainty of the
band origins is 0.04 cm−1 and corresponds to the abso-
lute accuracy of the wave-number calibration. The lower
panel of Figure 2 shows the spectrum calculated using
the fit results and the rotational line factors for transi-
tions from a state described by Hund’s coupling case (b)
to a state described by Hund’s coupling case (a) [26]. The
rotational levels of the initial X+ state were assumed to be
thermally populated at a temperature of 4 K. Overall, the
agreement between the measured and calculated spectra
is good. However, the intensity of the bandhead of the
�J′N′′ = −1.5 branch at lower wave numbers is underes-
timated by the calculation, and so is the intensity of the
first line to its right. These differences may be attributed
to the fact that the ions are prepared by photoexcitation
from the neutral molecule. Consequently, the real rota-
tional population of the initial state does not follow a
pure thermal distribution but is, instead, the result of the
interplay between the rotational population of the neu-
tral molecule, the bandwidth of the excitation laser and

the rotational line strengths of the transitions involved in
the preparation of the ion.

The spectra of 25MgAr+ and 26MgAr+ can also be
measured with the present technique because the differ-
ent isotopes of Mg (m = 24, 25 and 26 u) are resolved in
the experimental time-of-flight spectra and can thus be
recorded separately. The spectrum of the A+ 2�1/2(v′ =
1)← X+ 2�+(v′′ = 3) transition of 25MgAr+ is shown
as an example in Figure 3(d). The wave number ν̃1 of
laser 1 was changed to 39,009.60 cm−1 to account for the
isotopic shift of the X+ 2�+(v′′ = 3)← a 2�0 Rydberg-
excitation transition. This wave number corresponds to
the excitation of the Rydberg electron to a principal
quantumnumbern ∼ 90. The lower signal-to-noise ratio
results from the lower natural abundance of 25Mg (10%)
with respect to 24Mg (79%). The rotational constants of
the initial and final states, along with the band origin, can
be determined following the method described above,
yielding the results given in Table 1. The isotopic shift of
the band origin with respect to 24MgAr+ is 1.1(2) cm−1.
Using this value, we could assign the vibrational band to
v′ = 1 following a standard isotopic-shift analysis (see,
e.g. Ref. [2]). This assignment confirms the assignment
reported in Ref. [2] for the A+ 2�(v′)← X+ 2�+(v′′ =
0) transitions when taking into account the energy differ-
ence of 284.8(15) cm−1 between the v′′ = 0 and v′′ = 3
vibrational levels of the electronic ground state reported
in Ref. [11].

To verify that the Rydberg electron does not influence
the core-excitation process, wemeasured the spectrumof
the A+ 2�1/2(v′ = 1)← X+ 2�+(v′′ = 3) transition of
24MgAr+ for two different values of the principal quan-
tum number n. The spectra, shown in Figure 3(a,b),
were recorded after setting the wave number ν̃1 of
the Rydberg-excitation laser to 39,018.54 cm−1 (n ∼
110) and 39,009.60 cm−1 (n ∼ 78), respectively, and are
very similar. The band origins and rotational constants
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Figure 3. Measured (a, b, d) and calculated (c, e) isolated-core
multiphoton Rydberg dissociation spectra of the A+ 2�1/2(v′ =
1)← X+ 2�+(v′′ = 3) band of 24MgAr+ (a−c) and 25MgAr+
(d−e). The spectra (a) and (b) were measured for values of the
principal quantum number of the Rydberg electron around 110
and 78, respectively. The assignment bars shown above the spec-
tra give the positions of the transitions to levels of the A+ state of
24MgAr+ of successive values of J′.

derived from their analysis are indistinguishable within
the error bars (see Table 1). The widths of individual
lines are about 0.2 cm−1 in both spectra, which indi-
cates the absence of significant line broadening caused
by autoionisation from the A+ core-excited state. The
line widths of autoionizing core-excited Rydberg states
are indeed known to scale as 1/n3 [27], in which case
the line width for n ∼ 80 should be larger by a factor
of 2.6 compared to n ∼ 110. In the presence of a static
electric field with a magnitude large enough to strongly
mix the different orbital angular momenta l of the Ryd-
berg electron, a process known as l-mixing, this factor
increases to 3.6 because the scaling of the line widths
changes to 1/n4 [27]. This large change of the line widths
with n is clearly not observed in the measured spec-
tra. The widths of the lines in the spectra are, however,
larger than the bandwidth of laser 2 (<0.1 cm−1) and are
attributed to power broadening, based on the observation
that the widths increase when the pulse energy of laser 2
is increased.

The stability of core-excited Rydberg states against
autoionisation has been observed and analysed for the
Mg atom [20]. When excited in the presence of a static
electric field, the dominant decay mechanism of core-
excited Rydberg states with principal quantum numbers
above n ∼ 75 is not autoionisation but instead the flu-
orescence of the excited ionic core, with a rate of 2.6×
108 s−1 for Mg+(3p) [28]. The line broadening caused
by autoionisation is therefore smaller than the natu-
ral line width of the isolated-core transition, which is
0.0087 cm−1 for the 3s−3p transition in Mg+ [28]. The
A+ state of MgAr+ correlates at large internuclear dis-
tances with the 3p state of Mg+ and the ground state of
Ar. Provided that core-excited Rydberg states of MgAr
behave like those ofMg, autoionisation from the A+ state
is expected to be slower than fluorescence and, conse-
quently, should not induce a significant line broadening.
This observation is consistent with the present finding
that autoionisation from the A+ state does not affect
the recorded spectra. Although no static electric field is
applied during the laser excitation in the present exper-
iment, we expect that the stray electric fields generated
by the background ions formed by the first laser pulse
are sufficient to induce l-mixing and thus to suppress
autoionisation until the ion core is dissociated. If the Mg
fragments are produced in core-excited Rydberg states,
their dominant decay mechanism is also core fluores-
cence, which explains their detection by PFI after more
than 6µs.

The present values of the band origins are com-
pared to values obtained from data available in the
literature [1–4] in Table 1. The latter were calcu-
lated, for v′ = 0 and 1, from the wave numbers of the
A+ 2�(v′)← X+ 2�+(v′′ = 0) transitions reported by
Pilgrim et al. [2], using the corrected value of the elec-
tronic origin given in Ref. [4] and the X+ 2�+(v′′ = 0)−
X+ 2�+(v′′ = 3) energy difference of �03 =
284.8(15) cm−1 from Ref. [11]. The band origins for
v′ = 5 were calculated from the values of the spin-orbit-
averaged band origin and spin-orbit splitting reported
inRef. [4] and�03. The uncertainties given in the last col-
umnofTable 1 are the combined uncertainties of the elec-
tronic origin quoted in Ref. [4] and of�03 fromRef. [11].
The present values of the spin-orbit splittings and relative
spacings between the vibrational levels of the A+ state are
in good agreement with the values reported in Refs. [2,4].
However, the values of the absolute transition wave num-
bers are systematically lower by about 10 to 20 cm−1.
We checked for a systematic error in our experiment by
calibrating the wave number of laser 2 using two differ-
ent wave metres. Both results agreed within the specified
accuracies. As discussed above, we also verified that the
isolated-core transition wave numbers are not affected by
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the choice of the range of principal quantum numbers
initially excited (see Table 1).

The spin-orbit-averaged value of the electronic origin
obtained from the present analysis is 31,477.0(15) cm−1
and lies 108 cm−1 below the value calculated by Bauschli-
cher and Partridge [7], and 426 cm−1 below the theo-
retical value of Gaied et al. [10]. The present values of
the rotational constants for the v′′ = 3 vibrational level
of the electronic ground state of 24MgAr+ and 25MgAr+
agree within the error bars with the values reported
by Wehrli et al. [11]. There is also a good agreement
between the rotational constants we obtained for the
A+ 2�1/2,3/2(v′ = 5) states of 24MgAr+ and the values
reported by Scurlock et al. [4].

5. Conclusion

We have presented a new experimental method to study
electronic transitions of molecular ions which combines
the advantages of REMPD with those resulting from a
background-free detection of the fragment ions by PFI of
high Rydberg states. The method is closely related to the
method of fragment-PIRI spectroscopy [24], fromwhich
it differs through the different order inwhich photodisso-
ciation and discrimination of prompt ions are carried out.
Our method benefits from the versatility and strength
of REMPD for studying electronically-excited states of
molecular ions without requiring the use of ion-beam
techniques. Moreover, the initial photoexcitation to high
Rydberg states allows the preparation of the ionic core
in selected (ro)vibrational states. In contrast, ion-beam
measurements are typically limited to the quantum states
thermally populated in the ion source. In the present
study, we exploited this advantage to study the rotational
structure of the A+ 2�(v′ = 0) state of MgAr+, which
can be efficiently excited from the X+ 2�+(v′′ = 3) state,
whereas the Franck-Condon factor governing its excita-
tion from the X+ 2�+(v′′ = 0) state is very small (see
Ref. [2]).

The success of the isolated-core multiphoton Ryd-
berg dissociation technique depends on the facts that
(i) Rydberg dissociation is an important decay channel,
(ii) the autoionisation rate of the intermediate state is
smaller than, or comparable to, the excitation rate to
the dissociative state, and (iii) the Rydberg fragment,
if in a core-excited state, radiatively decays to a sta-
ble state faster than it autoionizes, so that it can still
be detected by pulsed-field ionisation several microsec-
onds after photodissociation. These conditions are ful-
filled in the case of MgAr+. By applying this method to
study the A+ − X+ band system, we could record spec-
tra with a resolution high enough to resolve the rotational

structure and to determine improved values for the band
origins.
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