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Abstract

Multiplex Integrated Cavity Output Spectroscopy (MICOS) is a new cavity-enhanced absorption method that allows the use of
broadband dye nanosecond pulsed laser sources and offers a sensitivity equivalent to CRDS. MICOS has been coupled to a pulsed
discharge slit nozzle to measure the spectra of the cold naphthalene (CoHy ), acenaphthene (C, :H,) and pyrene (Ci6H{,) cations in
the gas phase. A femtosecond relaxation timescale is measured for the Ds — Dy (0-0) transition of CisH7,. Spectra recorded at high
plasma energies also show evidence of fragmentation. The CH radical is observed and carbon nanoparticles are generated in the

plasma.
Published by Elsevier B.V.

1. Introduction

Polycyclic Aromatic Hydrocarbons (PAHs) are an
important component of interstellar dust and are found
in meteorites and interplanetary dust particles. PAHs are
thought to carry the infrared emission bands (UIBs) that
are detected in a wide variety of galactic and extraga-
lactic environments [1]. PAHs are also thought to carry
some of the diffuse interstellar bands (DIBs) seen in ab-
sorption in the near ultraviolet to near infrared spectra of
stars that are obscured by diffuse interstellar clouds [2,3].
Interstellar PAHs can be neutral or ionized depending on

| the environmental conditions (density and radiation

field). In the diffuse interstellar medium, however, PAHs

| are expected to be primarily present as free, cold, mo-
. lecular ions [4]. The identification of the carriers of the

DIBs has important implications for our understanding

f of the evolution of the interstellar medium and this issue
¢ has motivated an extensive laboratory effort over the
¢ past decade (for a recent review see [5]). New insights in
L the electronic {6-9] and vibrational [10, 11] spectroscopy
L and the intramolecular dynamics of free PAH ions have
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recently been gained through the application of state-of-
the-art laser-based techniques specifically developed to
address this challenging problem.

Here, we describe a new technique, Multiplex Inte-
grated Cavity Output Spectroscopy (MICOS) that we
have developed to measure the absorption spectrum of
free, cold, large carbon-bearing molecular ions and
discuss the new results that have been obtained with this
method. In our previous studies [7], we followed an
approach based on Cavity Ring Down Spectroscopy
(CRDS). CRDS is a time-domain method which moni-
tors the time dependence of photons escaping the cavity
after their injection in the cavity mode(s). The high
sensitivity of cavity-based methods rests upon the long
residence time of the photons trapped inside the high
finesse cavity. Recently, intensity-domain methods ex-
ploiting high finesse cavities have been introduced:
Cavity Enhanced Absorption Spectroscopy (CEAS) and
Integrated Cavity Output Spectroscopy (ICOS) [12,13].

A number of groups [14,15] have also taken advan-
tage of the use of a broadband source for injection of
photons in a high finesse cavity. We have adopted yet
another approach, and developed a MICOS spectrom-
eter that uses a broadband nanosecond pulsed dye laser
that is robust (a crucial requirement when coupled to a
pulsed discharge nozzle that is a recognized source of
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noise and instability), simple to setup and to operate,
and of moderate cost. Our technique combines the ICOS
detection scheme with the use of a spectrally broad light
source. In this design, the output of the cavity is sent
through a wavelength dispersing element (such as a
grating) to a linear CCD detector array. The operating
principle of this method was first demonstrated with
Ringdown Spectral Photography by measuring the weak
oxygen b-X (1-0) band [16]. In our implementation, the
broadband dye laser output coupler is absent and the
light is thus generated after only two passes in the active
medium. This optical configuration results in a modeless
laser emission. Although the broadband amplified
spontaneous emission spectrum is structured, it was
found that these structures are stable over time and can
be removed by dividing two consecutive spectra.

In this Letter, we report direct absorption measure-
ments in the gas phase of the electronic bands of the
cold naphthalene (CioHy), acenaphthene (Ci2HYy) and
pyrene (Ci¢Hj,) cations and describe the method de-
veloped for this specific purpose. The MICOS spec-
trometer is described in Section 2. The results are
discussed in the following section where they are com-
pared with CRDS measurements. The conclusions are
discussed in Section 4.

2. Experimental

The experimental apparatus combines a pulsed dis-
charge slit nozzle (PDN) for the production of free, cold

aromatic ions with a MICOS spectrometer for the de-
tection and the measurement of the spectra of these ions.
The PDN component of the experimental system has
been modified from the original design of Saykally et al.
[17] and is described in detail in [7]. Fig. 1 shows a
schematic of the experimental setup. Briefly, in our
typical running conditions (1 atm backing pressure of
Argon, <1% PAH dilution) the PDN source produces
very intense, 500 ps-long, ionized gas pulses every
100 ms. The plasma expansion generated by the PDN is
probed by the spectrometer about 2 mm downstream :
the electrodes. The photon source is a broadband home-
made dye laser. The pump beam generated by the sec-
ond/third harmonic of a nanosecond pulsed Nd:YAG
laser (Spectra Physics GCR-130 with 6350 injection
seeder, 210 mJ at 532 nm and 100 mJ at 355 nm) is
focused into the dye cell with a cylindrical lens. The dye
laser consists of one 40-mm long side-pumped dye cu-
vette and one back mirror (Lambda Physik). The output
coupler is removed from the dye laser cavity because it
induces strong (~15% amplitude) periodic modulations
of the spectrum of the laser. As a consequence, light is 3
generated after only two passes in the active medium by |
amplified spontaneous emission precluding the emer-
gence of a dye laser modes comb. The output charac-
teristics of this modeless laser are intermediate between
a truly coherent laser oscillator and a completely inco-
herent thermal source. Dye solutions of a mixture of |
DCM (~450 mg/l dissolved in DMSO) and of Coumarin
440 (~300 mg/l in methanol) were prepared for the 640- |
680 nm and the 425-465 nm spectral regions, respec- |
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Fig. 1. MICOS-PDN experimental setup. The MICOS spectrometer relies on a broadband dye laser combined to a high finesse cavity, # < 20000, ]
and a medium resolution spectrograph. The optical configuration of the dye laser consists in one back mirror and a side-pumped dye cuvette, re-
sulting in a modeless broadband emission.
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tively. For pump energy above ~100 mJ, the conversion
efficiency is about 5%. The divergence of the- output
beam is ~4.2 mrad. The energy coupled into the cavity is
typically ~1 uJ (spread over 20.nm at half maximum)
equivalent to a number of photons in the 4-7 x 10'2
range depending on the wavelength window. The beam
is collimated to maximize the throughput of the cavity,
The cavity output mode pattern is imaged using a pro-
gressive scan high resolution camera (PULNIX TM-
1300) and a 8-bit frame grabber (PIXCI SV5) looking

g through the rear mirror of the cavity. The photons

leaking out the cavity are collected by a 68 mm spec-
trograph (Ocean Optics USB2000) in a Czerny—Turner
configuration. The spectrograph is equipped with a
50 pm entrance slit, a 1200, grooves/mm holographic
grating and a 2048 pixels linear CCD array with a 12-bit
A/D vertical resolution (Sony ILX511) that allows to
cover the whole 400-700 nm range with a typical 0.75
nm resolution. The acquisition is triggered by a digital
delay generator (SRS DG535) and the collection time
set to its minimum value of 50 us. The data is transferred
through a Universal Serial Bus to the PC for treatment
- by commercial software (Ocean Optics, OOIBase32).
The signal collected on the CCD array, and displayed in
Fig. 2, usually shows some asymmetry as the spectral
profile corresponds to the convolution of the dye gain
curve with the transmission curve of the high reflectivity
mirrors — and marginally with the response curve of the
spectrograph. The treatment of the signal is performed
in three steps. First a reference jet spectrum (R) is re-
corded that consists of 1000 averaged single beam
spectra with the gas jet pulse expanding and the plasma
off. A sample spectrum (S) is then recorded over the
same duration with the plasma turned on. The absor-
bance spectrum (A) is finally retrieved by dividing the
sample spectrum (S) by the reference spectrum (R). Note
that a dark spectrum (D) is subtracted from both the
reference and sample spectra.

In addition to shot to shot cavity-input power fluc-
tuations (~10%) exemplified on Fig. 2a, each single
beam spectrum shows noise at the three CCD counts
level (<£0.3% of the peak envelope) that can be reduced
by averaging (Fig. 2b). Possible sources of noise are
inhomogeneities of the dye gain and seeding photon
noise. The latter phenomenon arises from the statistical
- nature of the spontaneous emission of photons from
excited levels. Noise cancellation is obtained after av-
eraging 1000 spectra leading to an absorbance noise le-
vel below 0.1%. This value translates into 0.1 ppm/pass
¢ for typical 100 ppm/pass high reflectivity mirrors or
E 5.75% 107%em/v/Hz for a /=55 cm long cavity. To
. account for multiplexing, the detection limit is divided
£ by the square root of the number of spectral elements
. that are sampled simultaneously. A spectral element
E' (active detector), defined by the extent of the coverage of
- the image of the slit on the grating, is about 6.5 pixels
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Fig. 2. Cavity output spectra of the broadband dye (DCM diluted in
DMSO) pulse with the plasma turned off. Displays result from the
averaging of 10 (full line) and 1000 (dotted line) single beam spectra.
(2) The spectral profile corresponds to the convolution of the dye gain
curve with the transmission curve of the high reflectivity mirrors and
with the response curve of the spectrograph. The output is affected by
shot-to-shot power fluctuations (~10%). (b) Close up of the off-peak
region of the cavity output spectrum. Top and bottom traces, slightly
shifted for convenience, show standard deviation of 1.05 and 0.108,
respectively. Note: a high quality‘dark spectrum has been subtracted
from all spectra shown here.

under the current design. This leads to an estimated
detection limit of 3.2 x 10~%/cm/v/Hz, a value that is
about one order of magnitude higher than the CRDS
detection limit measured under similar conditions. MI-
COS is, however, much less affected by the long term
fluctuations of the PDN source as all spectral data
points are recorded simultaneously. Moreover, our ex-
perimental studies show that it is extremely difficult to
achieve detection limits better that 0.1 ppm/pass with
either of those two techniques when coupled to a PDN
plasma source. The spectra are calibrated using Xe and
Ne emission lines (Oriel calibration lamps 6033 for Xe
and 6032 for Ne) placed before the entrance cavity
mirror to ensure the same light path. In contrast to
CRDS, MICOS is not an absolute measurement meth-
od. The absorption scale can be either inferred from the
mirror reflectivity curve (when available) or calibrated
using previously recorded CRDS spectra of the empty
cavity. For example, if the losses of the empty cavity are
of the order of 100 ppm/pass, a 1% absorbance spectral
feature will correspond to a ~1 ppm/pass absorption in
a first approximation. To be valid, this calibration
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procedure requires that measurements be performed
under very similar conditions with the two techniques.

3. Results and discussion

The electronic absorption spectra of gas-phase
naphthalene (CioHy), acenaphthene (Ci;H;) and py-
rene (CisH7;) cations were measured with the MICOS
technique. The D; — Dy (0-0) and (1-0) vibronic bands
of the naphthalene cation and the D; « Dy (0-0) vib-
ronic band of the acenaphthene cation are reported in
Sections 3.1 and 3.2, respectively. These first two PAH
cations were chosen because detailed CRDS data are
available for comparison with the MICOS data [7]. The
gas-phase spectrum of the Ds — Dy (0-0) band of the
pyrene cation is reported for the first time and is dis-
cussed in Section 3.3, Evidence for fragmentation and
soot formation is also seen at higher discharge energies
through the observation of the (A-X) (0-0) CH radical
absorption band and the detection of carbon nanopar-
ticles in the PDN source. These results will be discussed
separately [18].

3.1. The naphthalene cation (CiHY)

Naphthalene was initially selected in this work be-
cause it is a prototype for linear PAHs. The first two
absorption bands of the vibrational progression of the
B3y (D>) — X2A,(Dy) electronic band system of the
naphthalene cation (Npt*) were measured at 670.7 and
648.9 nm, respectively, The widths of the two bands
before deconvolution, which include the contribution of
the complexes formed with argon atoms, are 1.5 nm in
both cases. The MICOS spectrum of Np™, displayed in
Fig. 3a, is well reproduced by the convolution of the
synthetic spectra of Np™, Np*—Ar and Np*-Ar; (in the
20:6:1 ratio derived from the CRDS spectra) with
the apparatus function (évepp ~0.75 nm FWHM
Gaussian lineshape). When accounting for extra losses,
one can derive the absolute absorption intensity at each
wavelength. By following this procedure, the maximum
absorption values are found to be 33 and 14 ppm/pass
for the (0-0) and (1-0) vibronic bands, respectively.
These values are in good agreement with the absolute
intensities derived from CRDS experiments performed

. under very similar conditions, the only exception being

that the temperature of the Np sample was slightly
higher in the MICOS experiments (80 °C instead of
66 °C). This should have no or little effect, however,
since all previous experiments show that there is an
optimum sublimation temperature for Np around 70 °C
beyond which point the number density of Np* tends to
stabilize. The small, 7 ppm/pass, discrepancy found for
the strongest band (40 ppm/pass in CRDS [7]) between
the two sets of experiments can be easily accounted for
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Fig. 3. Experimental and simulated MICOS spectra. (a) Spectrum of
the (0-0) and (0-1) vibrational bands of the 3B3g(Dg) — XZAU(DU)
electronic band system of the naphthalene cation (CioHg). Dotted line:
synthetic spectrum corresponding to the spectrum of Np*, Np™-Ar
and Np*-Ar; (in the 20:6:1 ratio derived from the CRDS spectra)
convolved with the apparatus function of the spectrograph. Insert:
Variation of the global extinction (dotted line) and of the absorption of
the D; — Dy (1-0) band at 648.87 nm of the naphthalene cation (solid
line) with the applied discharge voltage. (b) Spectrum of the (0-0) vi-
brational band of the B,(D;) — XA;(Dy) electronic band system of
the acenaphthene cation (Ci2Hj;). Dotted line: synthetic spectrum
corresponding to the spectrum of Ac™, Ac™-Ar and Ac™-Ar: (in the
7.5:3:1 ratio derived from the CRDS spectra) convolved with the ap-
paratus function of the spectrograph.

by the slight variability of the PDN source conditions
from one experiment to another. The derived value for
the relative intensity ratio of the two bands is 2.35 in
MICOS measurements, in very good agreement with the
value of 2.38 measured’in previous experiments [6,9].
Taking advantage of the multiplex aspect of the
MICOS spectrometer, we were also able to investigate
the variation of the absorption intensity of Np™ with the
pressure of its neutral precursor (i.e., the dilution factor
of Np in the carrier gas Ar) and with the discharge
voltage applied to the PDN source. For instance, Insert
of Fig. 3 shows that the Np™ absorption signal (full line)
reaches a maximum for a discharge voltage of about
-550 V. The decrease observed for the signal from this
point on is interpreted as due to the apparition of other
formation/destruction channels for Np™. An increase of
the global tosses with the discharge voltage is also si-
multaneously observed and is attributed to the combi-
nation of two factors: an increase in the extinction




caused by the formation of carbon nanoparticles in the
;plasma (major factor) and the plasma-induced desorp-
tion of the molecular species that are adsorbed on the
Lelectrodes and the walls of the chamber and recondense

on the mirrors (minor factor) [18,19].
£3.2. The acenaphthene cation (Ci:HY,)

E' Acenaphthene is a prototype for hydrogenated PAHs
g and it has been found in meteoritic samples [20]. Recent
fastrophysical models [21] predict that as much as 20% of
: the global PAH population found in the diffuse inter-
E stellar medium could be made of hydrogenated PAHs.
| Furthermore, recent laboratory studies show that the IR
 emission spectra of gas-phase, hydrogenated PAHs {11]
 produce a good match to the satellite UIB bands in the
£ 3.3-3.6 um range while making little contribution to
 the other UIB bands. The MICOS spectrum of the
b B>(D2) — XA;(Dy) (0-0) band of the acenaphthene
E cation (Ac™) has been measured at 646.3 nm. The MI-
 COS spectrum displayed in Fig. 3b is well reproduced by
 the convolution of the synthetic spectra of Ac* and the
F Act—Ar and Ac™-Ar, van der Waals (vdW) complexes
-with argon atoms (in the 7.5:3.0:1.0 intensity ratio de-
| rived from CRDS measurements [7]) with the apparatus
function of the spectrometer. Following a similar ap-
- proach as the one adopted for the naphthalene cation,
| absolute absorption intensities can also be derived for
¢ the acenaphthene cation. The conversion from the MI-
b COS absorbance scale to an absorption scale yields a
: 4-5 ppm/pass peak maximum absorption. This value is
E consistent with the 7 ppm/pass peak absorption value
measured with CRDS under similar experimental con-
¢ ditions [7]. Here too, the small difference found between
 the two sets of measurements can be attributed to the
b variability of the PDN source from one set of experi-
;ments to another.

3.3 The pyrene cation (CisH;,)

. Pyrene is a four benzenoid rings planar hydrocarbon.
-This molecule is considered as the prototype of compact
¥ PAH. Charged pyrene derivatives have been suggested
: as possible carriers for the strongest 4428 A DIB [22].
i This is the first time that the electronic absorptlon
L spectrum of the pyrene cation (and of a PAH ion as
E large as pyrene for that matter) is reported in the gas
phase and the laboratory results will be discussed in
 detail in this case. Pyrene belongs to the D,y symmetry
¢ group. In Fig. 4, we have adopted the geometry where
 the pyrene cation is oriented in the xy plane with the
long axis in the x direction. In this section, we report and
f compare MICOS and CRDS measurements of the
2 13(Ds) — XA, (Do) vibrationless electronic band of
¢ pyrene cation. Most of the analysis is based on the
¢ MICOS data.
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Fig. 4. (a) CRDS spectrum recorded at a backing pressure of 800 Torr
and a discharge voltage of ~450 V. (b) MICOS absorbance spectrum
recorded at a discharge voltage of ~500 V and a backing pressure of
906 Torr. (c) MICOS difference absorbance spectrum of the (0-0) vi-
brational band of the Ds «— Dy electronic band system of the pyrene
cation (CisH};). The absorbance spectrum results from the subtraction
of a medxum energy plasma spectrum (-679 V) from a high-energy
spectrum (~780 V) both recorded at the same backing pressure of 761
Torr. The asterisk denotes the absorption of the CH radical.

The MICOS and CRDS absorption spectra of the
discharge products formed in pyrene-seeded argon free
jet expansions are shown in Fig. 4. Two bands are ob-
served in the 425-465 nm spectral window. The strong
absorption band centered around 436 nm is associated
with the pyrene cation generated in the free jet and is
discussed in detail below (see Sections 3.3.1 and 3.3.2).
The weaker satellite band around 430.5 nm appears at
~=550 V and its amplitude increases with the energy of
the discharge. The variation of the relative intensities of
the two bands clearly indicates that these two bands do
not belong to the same molecular species. The weaker
band is attributed to the (A~X) (0-0) absorption band
of the CH radical formed by the fragmentation of the
pyrene in the discharge [18].

3.3.1. The 436 nm band.: analysis of the profile

The strongest feature that absorbs in the 436 nm
range is assigned to the (0-0) vibrational band of the
Ds «— Dy electronic band system of Py* (see Fig. 4).
Determining accurate band peak position and band-
width values for the free Py* requires taking into ac-
count the contribution of Py*-Ar complexes formed in
the jet to the profile of the measured band. It is a difficult
task considering that the band has an extremely broad
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profile. Based on previous spectroscopic studies on
PAH*-Ar complexes’[8,9,23], the vdW shift, 8, induced
by the attachment of one argon atom to a PAH ion is
expected to be less than 50 cm~'. The full width at
maximum of the 436 nm feature appears significantly
larger than n x & (with n = 1,2, is the number of Ar
atoms attached to the Py*) making it difficult to extract
the contribution of the complexes to the measured band
envelope contrary to the cases of smaller size PAHs
treated in our previous study [7]. The contribution of the
complexes translates into a red-shift in the band peak
position and a broadening of the band profile. The
methodology we have adopted to solve this problem is
to subtract a spectrum recorded at low plasma energy
(in the —500 V range) from a set of spectra recorded at
higher plasma energies (applied discharge voltage). The
idea behind this procedure is that the increase in mean
electron energy and electron number density (driven by
the high voltage values) in the discharge should promote
new paths of formation/destruction that enhance the
[Py"V[Py*-Ar,] number density ratio. In particular, the
probability of destruction of the weakly bound vdW
complexes increases with the rate of collisions with high
energy electrons. -

Measurements performed at a fixed backing pressure
of p = 906 Torr show that the band peak position shifts
linearly to the blue (from 436.8 to 436.2 nm) when the
magnitude of the applied discharge voltage varies from
-550 to -850 V. The same measurements also show a
reduction in the total bandwidth Av, from 4.1 to 2.8 nm
with the augmentation of the magnitude of the voltage
(the band profile is fitted by a Lorentzian lineshape,
after deconvolution with the apparatus function -
dvapp ~ 1 nm). Based on the considerations detailed
above, we adopt the value that is the most shifted to the
blue, i.e. 436.2 £ 0.2 nm, for the band peak position and
the smallest bandwidth i.e. 2.8 nm (or 145 cm™') as the
intrinsic values for Py™. Having demonstrated in our
previous experiments that the PAH cations formed
through discharge are very efficiently cooled down in the
supersonic expansion [7], we believe that the values
obtained for the band profile and the bandwidth at high
applied discharge voltage (i.e., high electron energy) are
the closest to their intrinsic values.

The gas-phase position of the (0-0) Ds « Dy ab-
sorption band of Py* is shifted to the blue by 172 cm™!

- (0.76%) and 352 cm~! (1.56%) from its corresponding
values in neon and argon solid matrices, respectively
[22]. These shifts in energy are consistent with the
values of 159 and 278 cm~! derived from photodeple-
tion measurements of the Dy« Dg (0-0) band at
480.3 nm [23].

The large bandwidth of 145 cm~' measured for the
Ds « Dy (0-0) transition cannot be accounted for by
vibrational heating or by unresolved rotational structure
as we discussed previously [7]. It is, instead, character-

istic of an ultra-fast relaxation mechanism that is asso-
ciated with internal electronic conversion (IC) followed
by intramolecular vibrational redistribution (IVR). This
mechanism has already been observed for several PAH
cations [7-9,24]. In the frame of the statistical limit of
the radiationless transitions theory, the value of the re-
laxation time (~36 fs) depends on the gap energy (2106
cm') between the electronic level that is probed (Ds
here) and the closest level that lies below (Dyg) [23].
Strictly speaking however, the statistical limit might not
hold anymore in this case as the Ds — D4 gap energy is
small. Other mechanisms of interactions might come
into effect and explain the departure of the profile from a
perfect Lorentzian bandshape. This might also explain
why the bandwidth of the Ds « Dy (0-0) transition is
close to the one measured for the Dy «— Dy (0-0) tran-
sition {23} whereas the bandgap energy AEp,_p, ~ 6800
cm~' is more than three times larger than the one be-
tween Dy and Ds. Finally, we note that the relaxation
time is very close to the physical limit of 30 fs that
corresponds to the average half-period of oscillation of
the active vibrational modes (i.e, minimum time re-
quired to redistribute the energy stored in a vibrational
mode).

A 16:1 maximum absorbance ratio between the
Ds « Dy (0-0) 436.2 nm and the Dy — Dq (0-0) 480.3
nm bands is found in Matrix Isolation Spectroscopy
(MIS) measurements. An absorption cross section value
of 6 = 1.6 x 107'% cm? for the 436.2 nm band can be
extrapolated from the value measured by photodeple-
tion for the 480.3 nm band. It translates into a
a/6 ~ 4.4 x 10°/cm® pyrene ion number density for a
7 ppm/pass absorption. With a dilution factor of pyrene
in argon of the order of 1.7 x 1073 (the vapor pressure of
pyrene is ~1.3 Torr at a reservoir temperature of 160 °C
[25]), and a number density of Ar of 5 x 10'"/em” in the
probing zone 3.5 mm downstream the nozzle (as derived
from flow simulations [26]), the ionization yield ( is es-
timated to be about 5 x 107, a value very close to the
equivalent value of 1 x 107> derived for the naphthalene
cation [7]. ,

3.3.2. Comparison of MICOS and CRDS data

The electronic spectrum of the pyrene ion was also
recorded with CRDS. A typical CRDS spectrum mea-
sured at low discharge voltage (—450 V) and at moderate
generation pressure (~800 Torr) is reported in Fig. 4
where it is compared to MICOS spectra measured at
both low and high discharge energy. The CRDS spec-
trum shows a 21 ppm/pass maximum absorption band
with a 4.2 nm bandwidth. There is good agreement be- |
tween the MICOS and CRDS band profiles recorded at |
low voltage. Absolute absorption values vary, however,
between CRDS and MICOS spectra that were measured
under slightly different backing pressures (800 and 906 |
Torr, respectively) and discharge voltages (-450 and
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=500 V, respectively) all other parameters being equal
(dilution, time-window probe). MICOS spectra re-
corded at ~500 V typically show a 0.02 peak absorbance
that is equivalent to a 7 ppm/pass absorption. In this
particular case, the differences in the experimental con-
ditions may well be the main cause of the discrepancy in
absolute absorption values. As noted above, the slightly
varying running conditions of the PDN source from one
experiment to the other might impact the dynamical
behavior of the plasma and might also contribute to this
difference (e.g., the variation of the amount of soot de-
posited on the electrodes affects the electronic energy of
the discharge).

4. Conclusion

A new variant of the ICOS technique, Multiplex
ICOS (MICOS), has been developed, coupled to a
pulsed discharge nozzle, and applied, for the first time,
to the measurement of the gas-phase spectrum of large
aromatic cations (up to 16 carbon atom PAHs) and to
the detection of small carbon nanoparticles. The main
conclusions that can be derived from this study and
from a comparison with CRDS data are that:
¢ MICOS can achieve detection limits close to pulsed

CRDS. MICOS however presents the additional,

main advantage of multiplexity. In particular, MI-

COS allows real-time optimization of the absorption

signal (1 s) and reduces dramatically the acquisition

time (down to 30 s).
¢ MICOS is suitable for the investigation of broad

spectral features and is thus particularly well adapted

to the study of large carbon-bearing molecules and
ions in the gas-phase. Higher fluxes might be needed

in the case of weak narrow lines that require the use a

high-resolution spectrograph (i.e., small entrance slit

width and high dispersion).

¢ The successful operation of MICOS demonstrates
that it is possible to use a broadband dye laser source
for the injection of photons into the optical cavity.

¢ The first measurement of the vibronic spectrum of the
pyrene cation in the gas phase is reported. A proce-
dure has been developed to retrieve the intrinsic pro-
file for the Ds — Dy (0~0) vibronic band of Pyrene*

(CieHJy). The band peaks at 436.2 nm with a FWHM

of 2.8 nm (145 cm™'). The broadening of the spec-

trum that is not accounted for by vibrational heating
or rotational structure is due to internal electronic
conversion followed by intramolecular vibrational re-
distribution as it has been shown for the naphthalene
and acenaphthene cations. Py* initially excited in the

Ds electronic level relaxes on an ultrafast timescale

(~36 fs).
¢ We also identify CH as one of the high-energy plasma

fragmentation products formed in the PDN through

the measurement of the CH (A-X) (0-0) absorption
band. The yield of the CH fragmentation channel
of pyrene is one order of magnitude higher than the
ionization yield under high-energy conditions making
the CH radical absorption a potential probe of the
plasma.

* Finally, the plasma induced formation of carbon
nanoparticles is observed for the first time — to our
best knowledge- in a PDN source. This preliminary
finding holds some potential for exploring the forma-
tion (and destruction) processes of carbon bearing
molecules in astrophysically relevant environments
(i.e., low temperature, non-collisional interstellar en-
vironments) and will be discussed in detail in an
upcoming Letter [18].
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