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The components of the 55 4d Rydberg complex of £, and GD, have been studied by (8 1) photon
ionization spectroscopy and fragment fluorescence excitation spectroscopy following synchrotron radiation
VUV excitation. Thanks to the remarquable spectral resolution of the new synchrotron beam line SU5 at
Super-ACO (12 mA in the range 2485 nm), rotationally resolved spectra of Rydberg states of acetylene
could be observed through their photofragment visible fluorescence. Unlike the loweddiRydberg complex,

all Rydberg components of this complex exhibit rotational line widths typical of &Qlps predissociation.
Theld, 4ddq and*A, 4dry components have been characterized for both isotopic species. The relative electronic
band intensities of the REMPI spectra have been interpreted within a semi-united atom model and by taking
into account predissociation.

I. Introduction thorough investigation, as they can be considered prototype

Photolysis of acetylene has been widely studied in many fields state_s for all Rydberg series up to the ionization limit. Resonant
as combustion and astrophysics, in which it plays a crucial role MultiPhoton spectroscopy (3- 1 REMPI) has been able to
as a source of highly reactive radicals. Photodecomposition of comPIete the absorption data by 1a"°W'”9 obsergatlon of the
this molecule in the UV up to the far VUV domain has been 3% "®u componerftand of the 3¢ *A, component? Among

investigated theoretically and experimentally, using lamps, @ll components of this 3¢ 4s Rydberg complex, only the 3d
lasers, and synchrotron radiation. Fragment formation has been2u_ remains a dark state due to its symmetry. In their REMP
analyzed by using laser-induced fluorescence (E#fagment ~ analysis of the 3d- 4s complex of both g4, and GD», Fillion
emissior? multiphoton ionization detection (REMP3)and et all® could quantitatively interpret the observed relative
H-fragment translational spectroscapyWhen this molecule intensities and line widths of the various electronic components
is excited by VUV photons below the first ionization limit, i.e., 0of the 3d complex: they simulated the 3-photon excitation
11.4 eV, Rydberg states are primarily excited due to their very intensities with first and third rank transition tensors on one
strong absorption cross section. As shown earlier by high- hand, and introduced a predissociation rate for each electronic
resolution absorption spectroscopic analysis performed by state, on the other hand. This predissociation rate could account
Herman and Colif,most of these Rydberg states exhibit a very for both the observed intensities and rotational line widths. More
diffuse absorption structure due to predissociation. Therefore, recently, this complex has been studied by laser VUV excitation
these states can be considered as intermediate steps towardnd H-fragment translational spectroscdgyFinally, a very
hydrocarbon radicals formation from acetylene photolysis. This precise ab initio calculatidfhas predicted the energy structure
photolysis is of special interest in some astrophysical media asof this complex as well as the-sl mixing within the electronic

circumstellar envelopésr cometary atmospherésyhere the  components, in very good agreement with the REMPI observa-
UV radiation field is still important up to the 13.6 eV cutoff  tjons of ref 10.

energy. In this context, the understanding of the relaxation The next Rydberg complex 44 5s is not as well-known as
pathways of these Rydberg states over the excitation range ) .
8-11.4 eV is an astrophysical issue to address. the 3d+ 4s com_pl_ex. The absorption spectrum shows rotation-
The absorption spectrum of the Rydberg states converging ?Ily resolved orllgln bands cqrrequndlng to th‘? upper & 5s
to the ionic ground statdT, shows prominent s and d series, 11, and J, 46. .H” states, W|th.an increased diffuseness for
with various electronic components &~ andI1, symmetry® the J-X transition. Low-resolution R%MPI’ (3'_ 1) photon
Among these series, some show a moderate predissociation rat§Pectra were recorded by Orlando et'&ishowing the corre-
associated with resolved rotational structure while others show SPONding three-photor-iX and J-X bands as broad features.
strong predissociation resulting in a completely diffuse structure. "€ lack of rotational structure in these early REMPI spectra
Among all the Rydberg states, the electronic components of Was mainly due to laser power broaden_lng. Later on, Shafizadeh
the lowest Rydberg complex 38 4s have been the subject of €t al*® showed an overview of the high-resolution {3 1)
REMPI spectra of the 3d- 4s and 4e-5s complexes and gave
* To whom correspondence should be addressed. E-mail: dolores.gauyacq@a rough estimate of the Rydberg states lifetimes derived from

ppm.u-psud.fr. Fax: 33 1 69 15 67 77. observed line widths in absorption and REMPI studies. Surpris-
T Universidade Federal Fluminense. . 1 .
* Universifede Paris-Sud. ingly, the J, 4@ I1, state, which corresponds to the next
8 Universitede Cergy-Pontoise. member of thendd 1, series, does not exhibit such a strong
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predissociation as the first member, the H state, since it can be Two signals were simultaneously recorded: (i) The transmit-
observed by REMPI (3+ 1) photon spectroscopy. ted VUV light was recorded through the visible fluorescence
In the present work the 4d- 5s complex of GH, is of a coated sodium salicylate window and collected by a
investigated by using two excitation schemes, a one-photon photomultiplier tube (Hamamatsu R928, spectral range-950
VUV absorption or a three-photon excitation. The aim of this 185 nm), providing then an absorption signal. (ii) The fluores-
work is to understand the competition between the ionization cence from the excited fragments arising from the VUV
and the dissociation channels when REMPI is used to investigatephotodissociation of acetylene was collected by a sensitive
high Rydberg states of acetylene and to compare the differentfluorescence detection device described in detail elsewfiere.
behaviors toward predissociation between the first two com- The undispersed visible fluorescence was recorded by a photo-
plexes of this molecule. The experiment using VUV one-photon multiplier tube (Hamamatsu R928), as a function of the VUV
excitation was performed with a synchrotron radiation source excitation wavelength.
and by detecting both the absorption signal and the total
fluorescence of the photofragments in the visible. The very high Ill. Results and Discussion
spectral resolution of the synchrotron line allowed us to observe
rotationally resolved absorption. The REMPI spectra showed a
new weak band previously unassigned and not observed by one
photon absorption. From the analysis of thgbg&isotopomer,
we could assign unambiguously this band to a new electronic
component of the 4dt 5s complex. We finally present a
rotational intensity simulation involving all the related electroni
Rydberg components based on the semi-united atom model. In
this model, the predissociation channel has been taken into
account in a phenomenological way in order to fit both the
decrease of the ionization signal and the observed line widths.

A. Dissociation and lonization Channels for the I'II, and
J MIu Rydberg States.The two'II, Rydberg states of the 4s
+ 3d complex, namely the G and H states, exhibit very different
lifetimes, as pointed out by ‘ifffer et all® and later on by
Shafizadeh et &f The lifetime of the H state, of about 30 fs,
c precludes observation of this state in the REMPI spectra
observed with typical nanosecond laser power densities. Ac-
cording to ref 18, these two states exhibit equal H atom yields
following VUV one-photon excitation, indicating that both states
predissociate mainly into4El + H products, but within different
time scales. Recently, dispersed fragment fluorescence, follow-
ing VUV excitation from a synchrotron radiation source, was
detected from these states, showing that the @agment is
The (3 + 1) REMPI experiments were performed in a produced in the A state and fluoresces in both the visible and
magnetic bottle electron spectrometer, described elsewhere. the infrared rangé?In the 9.6-11.4 eV (IP) region, dissociation
Acetylene, as well as its isotopomes[, was introduced into into excited GH fragments, with high bending excitation in the
a vacuum chamber throhga 2 mmdiameter hole. Typical A state, resulting in visible fluorescence, becomes significant.
background pressure was P0nbar in the interaction region, ~As a consequence, the total visible fragment fluorescence
so that an effusive beam condition allowed for moderate spectrum completely reflects the absorption spectrum in this
rotational cooling of the molecules. The total photoelectron energy rangé® This fluorescence signal can then be considered
signal was collected by a microchannel plate detection system,as an indirect measurement of the dissociation yield from the
through an appropriate time gate selecting only the electronsvarious Rydberg states lying in the high-energy region from
produced by the (3+ 1) ionization process in acetylene, and 9.6 eV up to the IP (11.4 eV).
accumulated over about 60 laser shots. Nevertheless, this total fragment fluorescence does not tell
Tunable radiation was generated by an excimer (XeCl, aboutthe detailed dissociation mechanism, which can vary from
LUMONICS PM 886) pumped dye laser (Lambda Physik one Rydberg state to another. The insight of the dissociation
FL2002) operating in the 360 nm spectral region (BMQ dye dynamics could be understood in the energy region of the G
solution), with a bandwidth of 0.3 cm. To minimize laser and H states thanks to H-translational detection experinfénts.
power broadening of the REMPI spectra, beam intensities wereIn this experiment, two different mechanisms could be inferred,
maintained at about 2Q@J per pulse and controlled during the giving rise to different H-translational time-of-flight spectra
scan by a micro joulemeter (Laser Precision Corporation RjP depending on the excitation light polarization: (i) a slow
700). The beam was focused into the ionization volume by a mechanism in the picosecond time scale, leaving thel C
150 mm focal length lens. fragment with large internal energy, in one hand, and (ii) a very
The experiment at the synchrotron radiation facility at Orsay fast dissociation within about 30 fs, leaving theHfragment
(Super-ACO) was performed by using two beam lines, SA63 with less internal energy and no bending vibrational excitation
and SU5. The SA63 beam line is equippedhnét 3 mEagle on the other hand. Both mechanisms occur in the H state with
normal incidence monochromator and a 1800 grooves/mm & similar probability.
grating tuned in the 15460 nm spectral region with a 0.08 The fast dissociation is responsible for the broad spectral
nm resolution. In the experiment performed with this beam line, bandwidth of the H-X absorption spectrum as well as for the
acetylene was introduced into a vacuum chamber by means oflack of ionization signal in the REMPI experiments. On the
a stainless needle with a 1Q0n internal diameter and was  other hand, the observed dissociation dynamics of the G state
excited by the VUV beam close to the gas apertarehe SU5 appears to proceed in a different way: this state shows a
beam light, dispersed by a high-resolution 6.65 m Eagle off- negligible probability toward the fast dissociation channel. The
plane normal incidence monochromator and a 2400 grooves/slow dissociation channel dominates, leaving thel @agment
mm grating, was tuned in the 2485 nm energy range with a  with large internal energy and high bending vibrational excita-
resolution of about 12 mAS Acetylene was introduced in a  tion.
supersonic jet expansion through a/5@ nozzle at right angle In the absence of polarization studies, both mechanisms occur
with the VUV beam. A background pressure of about“ibar but cannot be distinguished experimentally, except for the fact
was maintained in the vacuum chamber and a differential that the fast predissociation channel leads to a significant spectral
pumping system enabled to work without any window between broadening, both by one-photon or by three-photon excitation.
the interaction chamber and the high-vacuum monochromator. A large spectral broadening is indeed observed in thexH

Il. Experimental Section
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spectrum (observed intensity normalized to the laser intehgityby
a 1h.sef factor; (b) fragment fluorescence excitation spectrum (observed
intensity normalized to the synchrotron beam intenkifynby a 1syncn

Calculated factor); (c) calculated three-photon spectrum at 180 K with a rotational
N T line width of 2 cm? for the =X transition and 3 cm! for the J-X

85600 85500 85400 85300 85200 85100 85000 transition; (d) calculated one-photon absorption spectrum at 150 K with
p a rotational line width of 1.5 cm for the I-X transition and 3 cmt
Energy (cm') for the J-X transition. The rotationaB values for both I, and J

1 T —
Figure 1. (a) Fluorescence excitation spectrum and (b) absorption I%Lilstates have been fixed to théll, stateB value’, B = 1.099 55

spectrum of acetylene in the region of théll, and JII, states,

recorded at the synchrotron radiation with a resolution of 0.8 nm. (c)

Absorption spectrum calculated in the semi-united atom approximation (1.5 cn1? for the fluorescence excitation spectrum) and 3tm
(see text). for the J-X band. Simulated spectra shown in panels b and d

of this figure correspond to the three-photon excitation prob-

VUV absorption band, while no such broadening is observed ability (b) and to the one-photon VUV absorption probability
in the G-X absorption band, in agreement withffler et al. (d), respectively. The comparison between these simulations and
analysis® In this case, all possible relaxation mechanisms other the observed spectra assumes that the ionization probability, in
than dissociation must remain negligible (such as Rydberg statethe case of the REMPI experiment, and the dissociation
fluorescence to the ground state, or subsequent Rydberg stat@robability, in the case of the fluorescence excitation spectrum,
ionization by a further VUV photon). Therefore, the molecule do not depend on the rotational quantum number J, which seems
will dissociate sooner or later and the dissociation yield should to be the case. The best simulations have been obtained with
exactly reflect the absorption probability. This was observed an average rotational temperature of 150 K in the fluorescence
indeed for the G and H states, which both exhibit the same H excitation spectrum and 180 K in the REMPI spectrum. The
atom yield® and the same £ fragment fluorescenc®, in 180 K temperature used in the simulation of the REMPI
agreement with their equal absorption cross seé#din such experiment is consistent with the temperature found from the
nonpolarized experiments, these two states only differ by their (3 + 1) REMPI spectrum of the €X transition performed
different spectral line width in their absorption or fragment Within the same experimental conditions (not shown here).
fluorescence excitation spectrum. Comparison between intensities of the simulated three-photon
The 111, and J1, upper members in the 55 4d complex spectrum and the experimental REMPI spectrum indicates that
show a similar behavior in the fluorescence experiment carried predissociation is present and competes with ionization, inducing
out at the synchrotron radiation, as shown in Figure 1. The a weakening of the REMPI signal. Observed line widths in the
absorption and total visible fluorescence excitation spectra spectra of Figure 2 confirm predissociation of both | and J states,
shown in this figure have been recorded at low resolution (about in the picosecond time scale, that is, a lifetime of the same order
1 A) on the SA63 synchrotron beam line. Panels a and b of of magnitude as that of the &I, state in the 4s- 3d complex.
this figure show identical profiles for the fluorescence excitation Recent fragment dispersed fluorescence spectra recorded after
spectrum and for the absorption spectrum with a ratio of about VUV excitation of Rydberg states of thes + (n — 1)d series
0.6 between the-JIX band and +X band intensities. The  converging to the first IP showed a general trend with increasing
calculated absorption spectrum shown in panel ¢, based on theexcitation energy: the £1 fragment is formed with increasing
semi-united atom approximation (see paragraph C below), internal energy, especially in the bending excitafi®# From
presents the same ratio, in complete agreement with thethe analysis of the two mechanisms observed by H-fragment
experiments. Th&l1, states of this Rydberg complex obviously translational spectroscopy performed in thet48d complex,
predissociate completely into thelT + H fragments as they it can be concluded that “slow” dissociation mechanisms taking
do in the 4st+ 3d complex. Nevertheless, as shown in the higher place in the picosecond time scale are accompanied by a large
resolution spectra of Figure 2a,c, the J state does not undergaamount of internal energy in the heavy fragment, involving
such a fast predissociation as the H state. In this figure, both especially large bending excitation. The very fast dissociation
REMPI and fluorescence excitation spectra exhibit similar observed only in the HIT,, 3dd state, seems to be accidental
rotational line widths of the order of 2 crhfor the I-X band among thendd Rydberg series converging to the first IP.
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B. Observation of a New Electronic Component of the 5s

+ 4d Complex: The 4d!®, State. The 3dd component of : {\J

1®, symmetry was first observed by Ashfold et &l.who \J\% ’/\[L‘_’
pointed out that this component was little affected by predis- —J ,’w . . . . .
sociation. This was later confirmed by Fillion et #.who ) ', (5s0) ® ', (5sc)
calculated the (3+ 1) REMPI spectrum intensity of the |

corresponding transition as compared to the other members of] (4d) Wﬁ . Jm, e K 0, (45)
the 4s+ 3d complex. In the REMPI spectrum of the $s4d f\le NQ&J N
Rydberg complex shown in Figure 3, a weak feature appears at'—_———"—"— i —=3 o - —
the expected position for the 4d'®, transition, in the origin . 4

band region and in thes2band region of gH, (see panel a). o

. : Figure 5. C;H; and GD; 5s+ 4d Rydberg complex in the region of
This band is much weaker than the | and J bands of the SaMEge 000 orrls (a), (d) observed (3 1) photon ionization spectrum of

complex in GH, and does not exhibit a clear rotational profile C:H. and GD;, respectively: (b), (e) calculated three-photon spectrum
as the lower member of the same symmetry did. To positively ysing the semi-united atom approximation of eq 2 (see text); (c), (f)
confirm the assignment of this weak band to ¥#g component, simulation of the REMPI spectrum by introducing predissociation (see

the isotopomer gD, REMPI spectrum was recorded under the text).

same conditions and is shown in Figure 3c. The other three-photon transition, not observable in the one-
In the later spectrum, the red sideband at 85 150'¢cshown photon absorption spectrum, concerns ther,4d\, Rydberg

in Figure 3c, exhibits a larger intensity than the corresponding component. In the observed spectrum of Figure 3b, a very weak

one in the GH spectrum and could therefore be compared to feature appears on the red side of theXJtransition. At this

a three-photon rotational band profile simulation, as shown in point, it is difficult to conclude about the location of th&,—X

the next section and in Figure 5. The most convincing argumentband. To positively locate this transition, we examined the

for such an assignment still rests on the small and positive isotopic GD, spectrum and performed electronic band intensity

isotopic shift of+34 cnt, typical of a @° origin band in the  calculations for the entire Rydberg complex. As will be shown

Rydberg spectrum of acetylene (see Table 1). Furthermore, therdn the next section, we could indeed predict a very weak band

is no evidence of a similar band in the one-photon absorption corresponding to thisA, component in this region, confirmed

spectrum, as expected from the one-photon selection futes. by the isotopic spectrum (see Table 1 below).

has to be noted here that the intensity of thé 4@, transition Table 1 summarizes the observed quantum defects for the

in C,D; is nevertheless unexpectedly strong as compared with various observed components of thetsdd Rydberg complex

our intensity calculations shown in the next section. An as well as those of the 45 3d complex in GH, and in GD,.

overlapping vibronic band in the isotopic spectrum could be These quantum defects show a slight variation from the 3d to

responsible for this observed intensity. the 4d Rydberg states, but nevertheless, confirm the assignment
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TABLE 1: Term Values, Quantum Defects and Isotopic
Shifts for the Observed Components of the 4s- 3d and 5s
+ 4d Rydberg Complex

C2H2 C2D2

Campos et al.

in the absorption spectrum of neon leads to the same radial factor
for the electronic transition moments toward the 5s and 4d
Rydberg states of acetylene. Molecular Rydberg state symmetry
is further taken into account through the angular electronic factor

isotopic ! - - - : -
state Tem?d) 6  Tm?d o6  shift(cm?d) included in the transition moment. This approximation can be
Erip, 3dég 79931 —0.019 79976 —0.020 45 applied very easily to the one-photon absorption spectrum of
G 1, 435y 80111 0.958 80149 0.958 38 acetylene, as has been done in the calculated spectra of Figures
H 111}1 %%ffc gg gig —8-2% 28 gg? —8-2%‘ %I 1c and 2d. When three-photon excitation is considered, some
Us —Y. Y. it i it i - i -
F’1<I>u, 3dég ;=12 81605 —0011 81612 —0018 g3 transition intensities involve both one-rank and third-rank

tensors, and in this case no direct comparison with three-photon

GUl, 4wgv,=1° 81925 0.960 81794 0.958 —131 ¢ : : .
line strengths in Ne is available so far. Nevertheless, one can

H 1y, 3ddg v2 =1 82260 —0.084

1<11>u, 4dyg 85131 —0.0053 85165 —0.0050 34 still use the semi-united atom approximation in order to predict

L 4513? 20200 D905 RS 096 ¥ the relative intensities involving the different members of the
u g —Y. —Y. . 1 1 1

1A, Adrgd 85367 —0.076 85402 —0.076 35 4d complex: thendog (1), thendzg (*Ay), and thendd (1)

states. The three-photon line strengths can then be written as

1P, 4dag vy =14 86 959 —0.0051
follows:

T4y, 55g0,=1¢ 87054  0.967
J1,, 4ddg v, =19 87250 —0.093

aReference 20° Reference 6¢ Reference 10¢ This work.

|Tkp(e)|
12 vz ON(TI)(QRI + 1)(23" + 1) Z
of the weak red bands in the spectra of Figure 3 to théd4gd 2k + 1
component in both isotopic species. Isotopic shifts for these I ' ,
Rydberg states transitions are also given in this table, as they zT (/4)( k 1”)(‘] ) k ‘]’”) (2)
provide unambiguous assignments for the Rydberg origin bands. ATIN-AT g A
Indeed, all @ origin bands exhibit a rather small positive
isotopic shift in the range 1745 cnT1, while vibrational bands ~ whereN(T,J") is the temperature dependent rotational population
involving nonzero vibrational quanta in the Rydberg state of the ground state and where the first bracket includes the light
correspond to a negative isotopic shift on the order-aD0 polarization factor. In the present work, light was linearly
cm~1 or more. polarized, i.e.p = 0, leading to polarization weight factors of

Finally, a question can be addressed about the weakness of/s and /35 for the first-rank tensor and the third-rank tensor
this transition as compared to the corresponding well-resolved contribution, respectivel§? Within the semi-united atom ap-
transition in the lower complex. This has been examined by proximation, the ground-state orbital is considered as arpital
simulating the REMPI spectra for all components of thetss ~ Wwith I” = 1 and1” = £1. The ground staté&%;" molecular
4d Rydberg complex by using the semi-united atom approxima- Symmetry is given byA” = 0 in eq 2 above. The vibronic
tion, as discussed in the next section. tensors Tku) are restricted to two parametef® and T3

C. REMPI (3 + 1)-Photon Intensity Calculations for the containing the radial part of the three-photon transition moment.
5s + 4d Rydberg Complex in the Semi-United Atom Since these parameters involve contributions of various unknown
Approximation. According to Mulliken?! the electronic prop- three-photon routes in the molecule, their relative weight has
erties of a molecule are in many respects similar to those of the to be fitted. Nevertheless, the semi-united atom approximation
corresponding semi-united atom, i.e., the atom having the sameimplies thatT* and T* should keep the same values for all
number of electrons as the valence electrons of the molecule.transitions to the 4d states, whatever their molecular symmetry
In this description, the 10 valence electrons of acetylene areis. This symmetry is taken into account by the electronic and
compared to those of the neon atom with the following rotational angular factors given by the 3-j symbols in the second
correspondence between their ground-state configurations: ~ bracket of eq 2. Finally, in this approximation, the relative
intensities of the three-photon bands involving tHéll, 5sug,

JUT, 4ddg, 1@, 4ddg, andA, 4drg can be simulated all together
by fitting only one parameter, thE3/T? ratio.

Following the approximation leading to eq 2, the rotational
intensity profile of the +X transition only involves the first
Comparison between these two configurations suggests a “p”rank tensor, while the-dX transition intensity involves both
atomic character for thes, orbital. Therefore, the absorption T! and T2 tensors, although both transitions have the same
spectrum of acetylene toward its Rydberg states is expected tosymmetry!I1,—1%4". The three-photon transitions ending in the
be dominated by transitions t andnd states, which is indeed 1@, 4ddg and?A, 4drg states only involve th&? tensor, which
the case with four intense series involving excitatiomnsfy the value of which is equal to that of the-X transition,
(M1y), ndog (1), ndrrg (=, ™), andnddg (*I1,).6 In the case of according to our simple model. Figure 4 shows the separated
three-photon spectra, other molecular symmetries are allowedcontributions of both tensors for the case of tHélJ—X 4"
by the selection rules, andtlzy (*Ay) andnddg (*®,) Rydberg transition, which is the only one to involve both rank tensors
states can also be observed. in this model. With ar3/T? ratio equal to 1, the contribution of

By using the semi-united atom approximation, one can theT3tensor to the rotational line strengths of theXJtransition
evaluate not only the rotational profile of each Rydberg is negligible. Therefore, the-X transition is expected to show
transition, but also the relative electronic radial angular a rotational profile similar to that of the-X transition and no
transition moments within a givens + (n — 1)d Rydberg preciseT3/T! ratio can be extracted from the analysis of the
complex. This approximation allows us to predict the relative J—X transition. On the other hand, observation of the weak
electronic band strengths of all members belonging to the sametransitions to thé®, 4ddy4 and*A, 4dry states indicates that
Rydberg complex, including s and d orbitals. Concerning the the third rank tensof 2 has a nonzero value. We therefore have
5s+ 4d Rydberg complex, comparison with observed intensities set theT3/T? ratio to 1 in the three-photon transitions involving

Ne  (1sf(2s¥(2p)
CH, .(2)%20)%30)°(1m)" (1)
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TABLE 2: Parameters Used for the Relative Intensity of the observed transitions is significantly weaker and follows
Calculation of the (3 + 1) Spectrum of the (5s+ 4d) an approximate scaling law of abouts}3, as observed in the
Rydberg Complex of GH (See the Text) absorption spectrum of neon and expected for molecular
5s 11, 4d JU1, 4d1®, 4d A, Rydberg states.
T! 1 1 0 0 In addition to this weakening of the REMPI signal with
T3 0 1 1 1 increasing principal quantum numbey predissociation also
kil (ki + kp) 1 0.5 1 1 contributes to the decrease of the ionization signal from the

acetylene Rydberg states. To explore the structure and the
stability of the higher members of the s and d Rydberg series,
a better approach than one-color REMPI spectroscopy consists
of detecting the photofragmentation products by their fluores-
cence. This technique has been applied here by using a very
high-resolution VUV excitation by synchrotron radiatith,
allowing for rotational resolution of the Rydberg bands and
rotational spectral line width measurements. The use of the
synchrotron line beam allowed us to observe over a very large
spectral range the complete Rydberg series of acetylene
converging to the first IP, as shown elsewh&&

all members of the 4d Rydberg complex, since this ratio leads
to reasonable intensities for the various electronic components
of the 5s+ 4d complex.

Figure 5 shows the resulting simulated three-photon spectra

in comparison with the observed spectrum, in panels a, b, and
c for GH,. Similar results are shown for,D, in Figure 5d-f.
The calculated band intensities without considering any pre-
dissociation effect are shown in Figure 5b,e. In Figure 5c,f,
predissociation has been taken into account by artificially
including a damping factor for the ionization signal as follows:

i@ K; Predissociation is more the rule than the exception for all
s=I KTkp () Rydberg states of acetylene. Most of the electronic components
of the 4s+ 3d and 5st+ 4d Rydberg complexes predissociate

wherel® is given by eq 2 ané; andk, are the ionization rate N @ time scale of £10 ps, except for the HII, 3d) state,

and the predissociation rate, respectively. The parameters used/Nich dissociates in the femtosecond time scale. This very fast
for the simulations of Figure 5 are given in Table 2. decay probably proceeds through an accidental crossing in the

As shown in Figure 5, the three-photon transitions to'thg potential energy surface of the H state and should be confirmed
4dd, and'A,, 4d, states are expected to be weak and are very by accurate ab initio caIguIanns in the 10 eV region. The other
weak indeed in the observed REMPI spectrum. As said above, Rydberg states converging to the first IP seem to show a smooth
theA, 4dry—X 154" transition barely shows up in the red tail behavior toward predissociation, leading tgHfragments in
of the J-X transition of GH, (Figure 5a) and of ¢D, (Figure their excited A state, which fluoresce in the infrared and visible
5d). The small variation of the quantum defect for this electronic "égion. In astrophysical media, as circumstellar envelopes, the
component as compared with the lower Rydberg member 3d VUV photodissociation of acetylene between 8 and 11.4 eV
is responsible for the partial overlap of the corresponding (Which is the most relevant spectral region for the interstellar
transition with the 3X band (see Table 1). Once again, the fluX) iS then mainly producing €1 and H. We have shown
isotopic shift (given in Table 1) is a signature of an origin band Nere that this fragmentation mostly proceeds through predisso-
and confirms unambiguously our assignment. ciation of Rydberg states and essentially leads to an electroni-

In Figure 5c, the intensity of the=X transition has been  Cally éxcited and vibrationally hot ethynyl radical, which further
divided by a factor of 2, as compared to the other transitions, "€laxes radiatively into the ground state.
especially the+X transition. We have assumed here, as shown ] ]
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