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Resonance ion dissociation (RID) spectra are reported for cations of naphthalene and 2-
methylnaphthalene cooled in a supersonic beam. Discrete vibronic resonances were observed in
the ultraviolet region of both ions. A discrete red system was also observed for 2-
methylnaphthalene that is subject to strong degenerate vibronic interaction with an underlying
quasicontinuum associated with a lower energy electronic transition. This leads to effective
power broadening of the RID spectra at moderately low laser intensities. The red two-photon
dissociation process of 2-methylnaphthalene was successfully modeled by classical rate
equations applied to a four level system, consisting of a ground state, the directly excited state,
a lower energy excited state, and a final dissociative state.

I. INTRODUCTION

There is convincing evidence that multiphoton ioniza-
tion fragmentation processes in aromatic hydrocarbon mol-
ecules occur by sequential mechanisms.' The parent ion is
essentially formed instantaneously, when the neutral mole-
cule has absorbed the minimum number of photons required
to exceed the ionization threshold. Additional photons do
not effectively induce transitions between continuum or au-
toionizing states of the neutral molecule. Subsequent photon
interactions occurring in the parent ion and smaller frag-
ments are produced by sequential absorption in successively
smaller fragments, or by higher energy channels involving
the parent ion. (The latter possibility is important for the
ions because appearance potentials of successively smaller
ion fragments are clustered in a compressed energy range.)
The studies reported here seek to identify spectrally selective
fragmentation processes in aromatic hydrocarbon ions via
resonance ion dissociation (RID). This may prove valuable
for ultrasensitive detection applications and for selective
photochemistry. Our spectroscopic results for cold naphtha-
lene and 2-methylnaphthalene cations suggest a new model
for ion photofragmentation processes.

Fundamental to the understanding of laser induced ion
fragmentation is knowledge about the absorption of parent
and fragment ions. The spectroscopy of aromatic molecular
ions has interesting properties on account of their open shell
molecular orbital structure. In the simplest picture, there are
absorptions in the visible region, corresponding to transi-
tions between normally filled molecular orbitals. These are
well separated from the parent molecule absorption bands in
the near ultraviolet. In some instances, sequential multipho-
ton absorption, with vibrational redistribution between ab-
sorption of each successive red photon, should induce ion
dissociation. For many species, one ultraviolet photon ex-
ceeds the dissociation threshold. Therefore, ion absorption
spectra can be measured by monitoring dissociation.

Singly charged cations of numerous aromatics have
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been studied in a variety of low temperature matrices.>> In
many cases, corresponding spectra have also been recorded
by ion cyclotron resonance (ICR) spectroscopy under low
pressure gas phase conditions,*® where ionization is in-
duced by electron impact and spectroscopy is performed us-
ing laser or incoherent light sources. In this technique, the
absorbed light induces fragmentation of the parent ion,
thereby causing a loss of ICR signal. Similar results were
also reported for ambient temperature samples using multi-
photon ionization with laser induced ion fragmentation.”
Freiser and Beauchamp® proposed a mechanism for ion frag-
mentation studied by ICR whereby the ion absorbs a photon
in an electronic transition originating from the ground state.
Internal conversion then redistributes the energy into
ground state vibrational excitation. Additional photons are
then successively absorbed by the same electronic transition.

Recently, Andrews and co-workers® reported helium
temperature matrix spectra of naphthalene ions that re-
vealed resolved vibronic structure. The linewidths were
broader than those normally observed for matrix isolated
neutral molecules. However, it was not known if this repre-
sented homogeneous intramolecular interactions, or inho-
mogeneous matrix induced broadening. This observation of
discrete structure motivated our studies of the visible and
ultraviolet spectroscopy of ultracold naphthalene and meth-
ylnaphthalene ions prepared in a supersonic molecular
beam. The results provide new information on the spectros-
copy of isolated ions and on the mechanism of multiphoton
ionization fragmentation. Ionization was performed using
excitation conditions that conserve the initial rotational and
translational energy distributions of the cold neutral mole-
cules, producing ions in the vibrationless level, or a single,
low energy vibrational level of the parent ion [ well below the
threshold for intramolecular vibrational relaxation (IVR)
processes in the S, state of the neutral molecule,® and pre-
sumably below the IVR threshold for the ground state of the
ion]. The selectively prepared ions were dissociated by a
moderately high intensity laser beam that was scanned
across the ion absorption spectrum. A time-of-flight mass
spectrometer was used to individually monitor both the par-
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ent ion and fragment ion species as a function of fragmenting
wavelength. Therefore, multiphoton excitation spectra of
cold ions are recorded by monitoring dips in the parent ion
signal or increases in fragment ion signals. (In previous
work in this® and other laboratories,'® nominally similar
dips in ion current were used to observe excited state transi-
tions of neutral molecules.) The naphthalene cation must
absorb four 600 nm photons in order to reach the minimum
energy dissociation threshold,® corresponding to either loss
of C,H, or loss of H. The methylnaphthalenes require ab-
sorption of two 600 nm photons to reach the minimum ener-
gy dissociation threshold,® which corresponds to loss of one
hydrogen atom.

Il. EXPERIMENTAL

A supersonic molecular beam time-of-flight (TOF)
mass spectrometer, depicted in Fig. 1, was constructed to
study resonance ion dissociation in cold aromatic ions. The
vacuum system consists of differentially pumped source and
ionization chambers. A third stage of differential pumping is
provided at the detector end of the TOF drift tube. A tem-
perature controlled magnetic solenoid pulsed nozzle'! in the
source chamber was used for the supersonic expansion
which enters the ionization chamber through a 1 mm skim-
mer. Typical expansion conditions were 50 psi He passing
over naphthalene at about 75 °C. Ions were accelerated into a
zero field drift region of length 1 m, where they are detected
by a Johnston multiplier. Space focusing conditions were
met by applying extraction and acceleration fields of 200 and
1800 V, respectively, across 1 cm grid spacing. For field sen-

sitive experiments, the extraction field was reduced to 50 V/
cm. A deflector plate system steered ions to the detector.
Conventional one-color photoionization spectra confirmed
that supersonic cooling was achieved. Gated TOF mass de-
tection was used to record the RID spectra.

Excitation sources consisted of two dye lasers which
were pumped by a frequency doubled Q-switched Nd:-YAG
laser. The w, ionizing laser closely resembles the grazing
incidence laser designs of Littman and Metcalf and by Sho-
shan, Danon, and Oppenheim.'? This source was amplified
by an external dye amplifier, frequency doubled, and aligned
to overlap with the w, dissociating beam (from a Quanta
Ray PDL-1 dye laser). Pulse durations of both beams were
about 5 ns. The amplified fundamental pulse from the graz-
ing incidence laser was 1 mJ or less in energy, the ultraviolet
beam from this laser was about 20 2], and the fundamental
from the commercial dye laser had energies typically rang-
ing from 1 to 10 mJ per pulse. The commercial laser beam
was either used directly, or was frequency doubled (20-200
pJ/pulse) and recollimated for ultraviolet scans. The inten-
sity of the red beam was controlled during spectral scans by
changing the Nd:YAG pump intensity incident on the dye
laser with a rotatable half-wave plate. Intensity was moni-
tored with a spectrally flat photodiode or a thermopile based
detector. Ultraviolet scans reported in this paper were per-
formed without active control of laser intensity. The ionizing
and dissociating beams were focused into the ionization re-
gion of the molecular beam by a 30 cm focal length lens. A
spherical lens was used for high intensity investigations, and
a cylindrical lens was used for routine measurements, where
minimum power broadening was desired.
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ili. RESULTS

Experiments are reported on 2-methylnaphthalene and
naphthalene. Some measurements were performed on 1-
methylnaphthalene, but the results do not contribute to the
findings. The methylnaphthalene ions dissociate at lower to-
tal energy; therefore they were better candidates for spectro-
scopic study in the red region, where two-photon dissocia-
tion is possible. Both naphthalene and 2-methylnaphthalene
RID spectra were studied in the near ultraviolet region. One-
photon absorption exceeds the dissociation threshold for the
methylnaphthalene ions, presumably inducing rapid predis-
sociation, whereas two-photon absorption is required to dis-
sociate naphthalene ions.

Naphthalene ions were produced in single vibronic lev-
els by resonance two-photon ionization by ;. The b;, (8)
level (henceforth, *8 where the + sign refers to the cation)
was populated by the excitation process (8'8'—0,)

+ (*8,~8'8!) at », = 301.61 nm. A small contribution
( ~10%) of vibrationless ions, * 0y, is formed based on prior
measurements.’® Pure excitation of the *0, level of naphtha-
lene ion was achieved by (7' —0,) + (*0,«7') excitation
at @; = 302.96 nm. For 2-methylnaphthalene, lack of ade-
quate knowledge of Franck—Condon factors and mode as-
signments make vibrational excitation in the ion difficult to
assess. Two-photon threshold ionization studies'* and re-
ported S, excitation wavelengths'® of the methylnaphtha-
lenes indicate that the * 0, level of 2-methylnaphthalene ions
is exclusively produced by 2w, excitation at 310.8 nm. At
308.3 nm, *8, ion formation is energetically favored, al-
though some admixture of *0, is expected to occur.

The red induced ion dissociation spectrum of the 2-
methylnaphthalene ion is presented in Fig. 2. Spectra were
pieced together from scans over several dye gain curves. Ex-
citation pulse energy was maintained moderately constant
over the regions scanned. Both parent ion (M *) loss and
fragment ion ([M — 1] for loss of one hydrogen) forma-
tion displayed essentially the same spectral dependence, as
shown in the figure. (The ratio of [M — 11" to M * signal
intensity was maintained less than or equal to 0.3 in the red
dissociation region.) The spectra display vibronic structure
closely resembling that observed previously® in the low tem-
perature rare gas matricies, with a red shift of 200 cm ™' for
the origin in the matrix. Vibrational features were observed
at 422 + 15 cm ™" and 830 + 15 cm ™! above the origin, as
compared to intervals of 444 cm " and 875 cm ™! reported
by Andrews et al.® The red induced dissociation spectra in
the supersonic molecular beam show a continuum of consid-
erable amplitude (about 50% of the maximum dip ampli-
tude) that extends to the red of the origin, at least as far as
810 nm. The continuum fragmentation signals were also ap-
parent in spectra recorded using the {M — 1]* mass, as
shown in Fig. 2(b). Continuum absorption was not clearly
evident in the prior low temperature matrix spectra, presum-
ably because it is difficult to judge 100% transmission in
these measurements. The vibronic transition linewidths
were highly sensitive to intensity, and approached 200 cm ™!
at the lowest intensities employed, which is considerably
larger than the 160 cm ™! reported for an argon matrix. At
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FIG. 2. Resonance ion dissociation (RID) spectra of 2-methyinaphthalene
(2-MeN) cation via low energy electronic states. (a) M * molecular ion dip
spectrum, and (b) [M — 1]* fragment ion 1 formation spectrum. R2PI exci-
tation by @, at 308.3 nm populates the *8, state of the molecular cation
(insert): Delayed excitation by w, reveals a diffuse jon absorption at very
low energy and a structured absorption at higher energy. The w, ion dip
intensity in (a) is relative to full scale (which represents the ion signal in the
absence of ,). The unit of intensity in (b) is arbitrary. The spectra were
pieced together from 1 mJ constant energy scans involving several laser
dyes.

the red @, intensities normally used to optimize fragmenta-
tion, the spectra broadened to the extent that they resembled
those of uncooled ions. Parent M * loss and fragment
[M — 1]+ formation spectra, recorded at two different in-
tensities, are presented in Fig. 3. Dissociation was approxi-
mately linearly dependent on intensity for excitation in the
2-methylnaphthalene ion continuum region, as shown in
Fig.4.

Extensive studies were carried out in the near ultraviolet
region, in search of evidence for dissociation induced by dis-
crete one-photon absorption by the ion. We also found evi-
dence of autoionizing Rydberg features above the ionization
threshold, which will be discussed in a following publication.
For these mesurements, the @, and the w, lasers were each
capable, independently, of inducing strong ionization.
Therefore, these one-laser signals were identified and over-
looked in the search for ion signals that depend on the action
of both @, + @,. In the case of interest, the w, laser scans
over the various ionization thresholds (such as the lowest
ion zeropoint threshold, the *8 threshold at about + 450
cm™', and the *7 threshold at about + 1000cm™"), gener-
ating a continuum ionization signal. When @, becomes reso-
nant with an ion transition in the ultraviolet, parent ion dis-
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FIG. 3. Dependence on w, pulse energy for the vibrationaly-resolved RID
spectra of 2-MeN cation formed by R2PI at 308.3 nm (a) M * ion dip spec-
tra where full scale is the ion signal in the absence of w,. (b) [M — 117 ion
formation spectra. The unit of intensity in (b) is arbitrary, however the
intensity of the spectra relative to each other is accurate.

sociation increases, causing a dip in the otherwise spectrally
continuous parent ion signal. This dip is expected to be
slightly to the blue of 307.6 nm for the naphthalene cation,
and to the blue of 312.0 nm for 2-methylnaphthalene ca-
tions, based on low temperature argon matrix results.

We observed a prominent transition, centered at
@, = 308.8 nm, for the 2-methylnaphthalene ion, as shown
in Fig. 5, where the signal is displayed as the ratio
[M — 1]*/M * inorder to enhance sensitivity. Higher ener-
gy vibronic transitions were not observed, presumably due to
the limited signal-to-noise ratio. The corresponding transi-
tion for naphthalene, shown in Fig. 6, was observed in spec-
tral regions where ionization thresholds occur by v, + @,
excitation (where @, is scanned). Naphthalene ion dissocia-
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FIG. 4. Dependence on w, pulse energy for the M * and [M — 1]* RIDion
signals via excitation of the low energy diffuse state of the 2-MeN cation.
(A, = 308.3nm and A, = 765 nm.) The relative intensity scale for M * and
[M — 1]7 is approximate. The dashed line is provided for convenience.
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FIG. 5. RID spectrum of 2-MeN cation via w, UV excitation. R2PI excita-
tion by , at 310.8 nm populates the vibrationless level of the cation (i.e.,
+0,). Delayed excitation by @, reveals the rather broad *0j cation transi-

tion. The RID process involving H atom loss is conveniently monitored via
the ratio of ion signals, [M — 1]*/M *. The sharp features occur by acci-
dental @, R2PI of neutral 2-MeN followed by @, RID of the cation to give
[M — 1] ™. If a resonance absorption by M * to form [M — 117 did not
occur by the w, only route, then the sharp features would be negative going
in the ratio spectrum.

tion was recorded in terms of depletion of the parent ion
signal, relative to the continuum ion signals generated by the
sum of one color signals for @, plus @,. If there were no ion
dissociation, the spectrum would consist of only threshold
steps. For Fig. 6(a), this corresponds to w, crossing the
threshold for | *0) < |S;) (i.e., IP,). For Fig. 6(b), this cor-
responds to , exceeding the threshold for excitation of *8,
in the ion (i.e., IP;). The decrease in parent ion signal cen-
tered at about 304.7 nm in Fig. 6(a) and 6(b), is a conse-
quence of parent ion dissociation induced by w,. As a check,
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FIG. 6. RID spectra for different vibronic states of naphthalene cation. Ion
dip spectra for M *, along with the corresonding excitation scheme, are giv-
en for; (a) vibrationless * 0, cations formed by w, R2PI excitation at 302.96
nm, and (b) +§, cations formed by w, excitation at 301.61 nm. Jon forma-
tion by @, + @, is identifiable by ionization threshold. These are denoted by
1P, = @,(7' =0,) + @,(+0p7") and IP, = w,(8'8%0,)
+ w,(*8,—8'8"). The ion threshold response due to @, + w, only, with-
out fragmentation, is approximated for IP, by the dotted line in (a). The
extraction field in the ionization region was 50 V/cm.
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FIG. 7. Dependence on w, pulse energy for the 8! RID ion dip spectrum

of naphthalene cation formed by @, R2PI at 301.61 nm. Spectra are arbi-
trarily offset on the vertical scale.

a spectrum was recorded for total ion count (thereby sum-
ming M * and [M-m] ™), in which case the dip disappeared.
The decrease of M * was highly dependent on w, pulse ener-
gy. The 304.5 nm dip was not observed at low intensity,
whereas at high intensity, the step at 306 nm essentially van-
ished in the broadened 304.5 nm dip. For the argon matrix,
the ion transition occurs at 307.6 nm, corresponding to a red
shift of 300 cm ™. In the gas phase the linewidth is approxi-
mately 90 cm ™!, measured at the lowest intensities, which is
close (possibly within experimental error) to the 60 cm™"'
linewidth reported for the argon matrix. The intensity de-
pendence of the ion absorption feature (with ions prepared
in the * 8 state) is shown in Fig. 7. There is evidence of power
broadening and possibly a spectral shift, which may be in-
duced by intensification of the neighboring 303.5 nm ioniza-
tion transition of the neutral molecule.

RID spectra for fragment ion formation resulting from
UY excitation of naphthalene cation are given in Fig. 8. The
spectra, plotted as the ratio of fragment to parent ion signal,
compare the 03 and *8! transition for H atom loss. Direct
detection of C,H, loss is also illustrated for the *8! transi-
tion. All of these spectra are similar, within experimental
uncertainty.

IV. DISCUSSION

Cold ion dissociation spectra, measured at moderate in-
tensities, were spectrally continuous, essentially identical to
ambient temperature spectra observed previously by ICR
and MPI techniques. Discrete spectral structure was expect-
ed for the cooled ions, based on the two-photon model for the
dissociation process, which was initially proposed for the
methylnaphthalenes by Dunbar and co-workers,® and pre-
viously, for other molecules by Freiser and Beauchamp.® In
this model, the first photon excites the ion to an electronic
state that rapidly relaxes, by intramolecular vibrational re-
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FIG. 8. RID fragment ion formation spectra from state-selected naphtha-
lene cation. The H atom loss channel is monitored by the ratio [M — 1]/
M *. The C,H, dissociative channel is perceptible via direct detection of
[M — 26]* using the same resonance excitation process as in (b). Excita-
tion conditions are given in Fig. 6.

distribution, to vibrational excitation in the ground state.
The ground electronic state then absorbs a second red pho-
ton, via the same ground state electronic transition, and
thereby exceeds the dissociation threshold energy. The lack
of spectral structure in our spectra suggested a power broad-
ening mechanism, in which red transitions of the cool ions
are saturated, even relatively far from resonance. However,
the peak intensities typically employed in these experiments
were about 10° W/cm? We estimate an effective peak red
one-photon absorption cross section for cooled 2-methyl-
naphthalene to be <10~ '® cm?, based on Dunbar’s measured
peak red cross section at ambient temperature, of about
10~"7 cm? This implies a power broadened width of <2
cm ™! for the red system, assuming power broadening is ap-
proximately equal to the Rabi frequency for the transition.
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FIG. 9. Energy level diagram for the methylnaphthalene ion with the pro-
posed model for ultraviolet induced one-photon and red induced two-pho-
ton dissociation processes. One-photon ultraviolet induced dissociation, via
the excited doublet state D,, is shown in (a). Two-photon red induced dis-
sociation, via the dipole allowed D, ~ D, transition, is depicted in (b). This
excitation is accompanied by an IVR process that leads to non-Franck—
Condon active vibrational population in the D, Therefore, the D, « D, tran-
sition is weak, requiring high intensity to produce [M — 1]* fragment ions
efficiently.

This is much narrower than that observed in our beam mea-
surements.

A key to resolving this discrepancy is the observation of
strong continuum background fragmentation signal to
wavelengths longer than the red transition origin. This was
observed for all the naphthalene species studied and at all
experimentally accessible intensities. Furthermore, the mass
spectra, induced with the red beam tuned to the low energy
continuum, were essentially identical to those observed in
direct resonance with discrete red transitions. Apparently,
the prior low temperature matrix studies were not sensitive
to this continuum absorption.

We propose that the background contribution to the
fragmentation spectrum is due to a quasicontinuous absorp-
tion system associated with a lower energy electronic transi-
tion of the ion. The lower transition will be denoted D, — Dy,
where D, represents the ground doublet state of the ion, and
D, represents the first excited doublet state of the ion.
D, — D, corresponds to a formally forbidden transition of the
naphthalene cation, between the highest energy completely
filled orbital and the half-filled highest energy orbital. This
one-photon transition will be vibronically active in the re-
gion of the red transition, which is denoted D, — D, in Fig. 9,
the energy level diagram describing the model. There will be
a high density of vibronically active modes of D, in the vicin-
ity of D,, which is about 4000 cm ' above the expected D,
origin. By analogy with neutral naphthalene and other aro-
matic species which display strong resonant vibronic inter-
action between the S, and S, states,'® we expect a near con-
tinuum of vibronic background absorption in the region of
D,. Thus, the real source of broadening will be degenerate

J. A. Syage and J. E. Wessel: lon dissociation spectroscopy

vibronic interaction between D, and D, rather than simple
power broadening of a Lorentzian D, « D, transition. The
first photon effectively excites highly excited D, vibrational
levels. If this state has a substantial lifetime, the second pho-
ton will induce a D, — D, transition that may have a spec-
trum drastically altered, relative to D, D,. Thus, much
higher intensities may be required to drive this second ab-
sorption step efficiently within the short duration of the w,
laser pulse. At the high fluence required, effective saturation
will occur for both the D, D, absorption peaks and the
background continuum transition.

The saturation process can be modeled qualitatively by
a simple rate equation treatment. We assume that excitation
via D, « D, results in the immediate production of vibration-
ally excited D, states, atarate, R, _,, given by the product of
the cross section, o,_, and the w, intensity. The correspond-
ing rate for the second transition is denoted R,,_,, and the
populations are denoted N, for the ground state, N, for the
D, state, and N, for the dissociated ion, where it is assumed
that the parent ion state, D, dissociates rapidly, relative to
the excitation process. Given these assumptions, the inco-
herent rate equations are:

N(): —tho xNo, (1)
N1=R2«0XN0—£T]" (2)
N,=R,_, XN, (3)

In the case of interest, we assume that T is large relative to
the other terms in Eq. (2), and we assume that the effective
T, for the level excited by the first photon is extremely short,
as is expected for IVR processes in naphthalene excited with
over 4000 cm ! excess vibrational energy. The laser pulse
duration was taken to be 5 ns and o, __,, the cross section for
the second transition, was assumed to be spectrally indepen-
dent, with a value of 1 X 10~ '8 cm?.

The population N, , calculated as a function of the cross
section o, _,, is shown in Fig. 10, for various o, intensities.
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FIG. 10. Calculated population of the final ion fragment as a function of
cross section for the (2+0) transition. Results are plotted for several ex-
perimental intensities, using the experimental laser pulse duration of 5 ns
(2) 1X10°W/cm?, (b) 3 106 W/em?, (c) 1X 10" W/em?, (d) 3X 10" W/
cm?, and 1 10® W/cm?.
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FIG. 11. Power broadening of a simulated methylnaphthalene D, D,
spectrum with continuum background calculated as a function of w, inten-
sity: (a) OW/em?, (b) 1X 106 W/cm?, (c) 3X 10° W/em?, (d) 10" W/em?,
and (e) 3X 10" W/cm?. The fragment ion signals (population of |#) ) are
normalized at 662 nm in order to facilitate comparison of line shapes.

(Our typical experiments employ approximately 10’ W/cm?
effective intensity in TEM,, at @,. In the discussion we refer
to intensities, whereas fluence is a more appropriate variable
for the model. Analytical expressions for similar situations
are given by Koplitz and McVey'".) Clearly, the N, popula-
tion, and thus, the fragmentation signal, are effectively satu-
rated under moderate intensity excitation conditions. In this
case, the slope of the population N, vs g,_,, is nearly zero.
Reducing intensity to the range of 10’7 W/cm? for the as-
sumed 5 ns pulse duration, reduces saturation markedly for
the expected range of cross sections. The above model was
then used to calculate the spectral effect of power broaden-
ing for the intensities used in our experiments. Figure 11 was
calculated based on an artificial low power spectrum, con-
sisting of two Lorentzian lines, centered at the ion transition
wavelengths, and superimposed on a continuum back-
ground of amplitude equal to the peak contribution of the
Lorentzian 03 component. The intrinsic linewidths were as-
sumed to be equal to the approximate measured low power
linewidths of 270 cm ™" for the 09 transition and 230 cm ™'
for the 400 cm ~! transition. (A linewidth of 160 cm ™' was
reported for 2-methylnaphthalene in the argon matrix at 20
K.) The calculation predicts the qualitative observations of
decreased modulation amplitude and increased spectral
width at high intensity. In addition, it correctly predicted
significantly greater dissociation at 652 nm, between spec-
tral peaks, than for the long wavelength continuum baseline,
beyond 680 nm. When smaller values were assumed for the
intrinsic linewidth, calculations predicted the dissociation
amplitude at 652 nm should be close to that observed at 690
nm, regardless of intensity. In Fig. 12, the power broadened
spectrum is calculated based on an intrinsic (low power)
spectrum, free of background absorption [Fig. 12(a)] and
the result is compared to the spectrum calculated with a
continuum background contribution, where both cases are
subject to an intensity of 1xX 10’ W/cm?. Under our experi-
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FIG. 12. Power broadening at 10’ W/cm? of 2-methylnaphthalene ion dis-
sociation calculated for (a) simulated D, « D, spectrum without contin-
uum background, and (b) simulated D, D, spectrum with continuum
background. The fragment ion signals (population of |n)) are normalized
at 662 nm in order to facilitate comparison of line shapes.

mental conditions, noise features would largely obscure
spectral structure in Fig. 12(b), whereas structure would be
casily resolved in the background free case of Fig. 12(a).
This strongly supports the continuum background absorp-
tion model.

In prior work with the naphthalene ions, there is no
evidence of radiatively stable D, states. This is consistent
with the proposed model, which would predict vibronically
induced emission from the D, state, rather than D,. No
search has been made, to our knowledge, for emission from
D, states, which would occur in the 1.4 um region. Partial
support for the model is provided by the large linewidths
observed for the D, « D, systems, in both molecular beam
and matrix isolation studies.

This model also suggests that similar resonant vibronic
interactions should occur for the ultraviolet transition sys-
tem, here denoted D; «— D,,. This one-photon transition is en-
ergetically capable of inducing dissociation into the
[M — 1] + H species for 2-methylnaphthalene. This may
account for the substantial linewidth observed for this tran-
sitions. Power broadening is expected to be less important
for the ultraviolet system of 2-methylnaphthalene than for
the red transitions, because dissociation is a one-photon pro-
cess, thereby avoiding the need for high intensity to drive the
second absorption step. Evidently, power broadening isnota
major problem for naphthalene ions in the ultraviolet either,
because the measured linewidths were about the same as
observed for the substituted species. Therefore, we conclude
that the two-photon process is relatively efficient in the
naphthalene ion, probably due to a substantial cross section
for absorption of the second photon. Nonetheless, there is
evidence of power broadening for both ion species in the
ultraviolet. This is attributed to the background continuum
oscillator strength present in the region of the ultraviolet
transitions, combined with the requirement for intensities
sufficient to dissociate a substantial fraction of the ions by
the laser pulse. Our limited attempts to observe higher ener-
gy D, — D, vibronic transitions were unsuccessful. However,
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these transitions are expected to be weak and overlapped by
one-laser transitions. Therefore, it is not surprising that they
were not resolved.

V. CONCLUSION

This study provides a framework for future studies of
aromatic species by resonance ion dissociation techniques.
Clearly, direct confirmation of the model will require more
complete spectroscopy of the D, state. Ideally, D, lifetime
measurements and D, — D, excited state absorption mea-
surements will confirm the suggested kinetic model. Near
infrared ionization—dissociation experiments will directly
characterize the D, state. Presumably D, will be moderately
stable, thereby permitting high resolution D, « D, spectros-
copy. Low energy, vibronically induced, D, — D, transition
should provide the ideal basis for future selective ionization—
dissociation detection methods.
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