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The excitation spectra of tHe 'I1,,, E A, andF '3 states of GH, in the 135.3—-130.8 nm range
are measured under jet-cooled conditions by detecting fluorescence emitted fH{A ATI) or
C,H(B 2A’) photofragments. In the photofragment emission yield spectra, the origin bands of the
D-X andF—X transitions are observed with Lorentzian profiles with bandw(fithof 58.94) and
66.72) cm 3, respectively. By identifying the bending progressions offtheX transition appearing
with narrower Lorentzian profiles with[~40 cmi !, the band previously considered to be the
origin band of theE—X transition is assigned to the transition to the second overtoge 3) level

in the neareis bending 5) mode. The transitions to the C—H stretch excited levels inthend

F states are observed using the infrared-VUV double resonance excitation schemi.3the
D 1} 3}, F 3!, andF 1] 3! bands are identified at 74 3@}, 74 1215), 74 5223), and 74 3883)
cm™ 2, respectively, with much broader bandwid#i>100 cn 1) than theD—X andF—X origin
bands, indicating that the dissociation is accelerated significantly in both Bf &relF states when

the antisymmetric C—H stretchv§) mode in theD andF states is excited. €002 American
Institute of Physics.[DOI: 10.1063/1.1485064

I. INTRODUCTION well as an excitation spectrum monitoring the yields of the

C,H photofragments produced in tAe’I1 andB 23 * states,
Molecular Rydberg states undergo complex bondy, the measurements were done at room temperature and
breaking processes originating from their mixing with othery,o resoiution of the spectrum was not sufficiently high to
Rydberg states.as well as with nearby valence states. AMONSoive the individual line shape of the overlapping vibronic
small polyatomic molecules, the Rydberg states of acetyleneands i thdd—X. E_X_ andE_X transitions. Later. Lfler

(C,H,) have been characterized relatively well by the recenp L i

- - t al1*12 measured the kinetic energy profiles of photofrag-
laser spectroscopic studies. It has been known that the elet! & hvd i th d identi
tronic transitions to the two Rydberg stat@s,andE, and MENt hydrogen atoms in the 133-121 nm range and identi-

~ . . fied two competing dissociation pathways which form, re-
one valenceE state overlap with each other in the vacuum peting b y

i i X 2s + A2
ultraviolet (VUV) wavelength region of 135-130 nm. The spect_wely, the 6H fragmenFs n t_he)( 27 andA“ll states.
B I, (1my—3doR) andE1SF (1m,—3dm,R) states Considering the complex vibronic structure composed of the
u u g u u [*]

are members of the Rydberg states which converge on thtgree overlapping band systems, it would be an important

. o0 _ X step to resolve these vibronic bands and derive their rate of
electronic ground state of J8, (X“II,) having a linear . - . L
L ! S dissociation from the respective vibrational levels for under-
equilibrium geometry. Therefore, their equilibrium geom

etries are expected to be linéaf.On the other hand, the standing the dissociation mechanisms.

E 1A state is k o h . ibri ; In the investigation of the photodissociation through
with Csase:merltr)y%n 0 have nears equiliorium geometry oo, electronically highly exited states, measurements of a
25y ' . . 6 high-resolution excitation spectrum using a tunable VUV la-
In spite of the previous spectroscopic effort&® only

fragmentary information has been obtained regarding thSe" light source is most promising especially when molecules

photodissociation mechanism through this Rydberg—valencgre prepared at ultralow temperature under Jet-coqled c-on.d|—
complex composed of tH, E, andF states. Suto and Le tions. As has been demonstrated for the photodissociation

; T [process of OCS via the 2% state, the high-resolving
measured using a synchrotron radiation light source an ab- wer of the method enabl o di bsorption K
sorption spectrum of £, in this VUV wavelength region as power of the method enables Us 10 discuss absorplion pea

profiles characteristic of molecules which dissociate in an
ultrashort time scal&’

dpresent address: Research School of Physical Sciences and Engineering, ; ot
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Csz(ﬁ,E,IE)chH(K,NBHH, (1) light was estimateq_to b§0.4 cmi ! by the peak width of
. _ _ o the rotational transitions in the LIF spectrum of the X (7,
are investigated by recording an excitation spectrumtC o) pand of CO.

under jet-cooled conditions by using a tunable VUV laser  The tunable IR laser output of an optical parametric os-
light source. The excitation spectra recorded in the preserdjjjator and amplifie OPO/OPA laser (Continuum Mirage
study are those called photofragment emission yBIHOF- 3000 pumped by an injection-seeded Nd:YAG lag€on-
REY) spectra and IR-VUV double-resonant@R) PHOF-  tinyum Powerlite 800pwas used to prepare,8, in its spe-
REY spectra via the; and vy + v5 levels, in which the yield  cific rotational levels of thev, (\=3.03 um) and v/ + %]
of the visible fluorescence emitted from thgHCphotofrag- (A\=1.52 um) vibrational states. The fundamental=1064
ments in theirA andB state$®~*®are monitored. Through a nm) and frequency-doubled\=532 nm) outputs of the
band-shape analysis of these PHOFREY spectra, we investid:YAG laser were introduced into the IR laser which con-
gate(i) how the electronic configuration and the geometricalsists of one OPO crystal and two OPA crystal pairs. The
structure effect the photodissociation process in the energetbutput pulse energy of the signal radiation from the first OPA
cally closely spacef), E, andF electronic states, andi) was typically 25 mJ/pulse at0.8 um. This signal beam was
how the vibrational excitation accelerate or decelerate théequency-doubled in a KDP crystal and led to a wavemeter
dissociation depending on the excited vibrational mddé®  (Burleigh WA-5500 to monitor the wavelength. On the other
hand, the idler radiation from the first OPA is guided to the
Il EXPERIMENT secon.d OPA crystgl pair and_used as an oscillator. The output
energies of the signal and idler radiation from the second
A pure acetylene gas with the stagnation pressuredf OPA were typically 15 mJ/pulse at1.5 um and 4 mJ/pulse
atm was expanded through a pulsed valve with 0.2 mm oriat ~3 um, respectively. These two mid-IR beams were sepa-
fice diameter(General Valve 9-279-900into the vacuum rated from each other by a 45° anhydrous-quartz prism.
chamber to form a pulsed supersonic free jet. The back- The wavelength of the signal or idler radiation of the
ground pressure in the vacuum chamber was kepsecond OPA signal was locked on a rotational line of the
<10™* Torr. The vacuum pumping system of the chambervibrational band of GH, by monitoring the photo-acoustic
was the same as that described previotfsijhe rotational  spectrum. The spectral linewidth of the IR radiation was es-
temperature of ¢H, in the free jet was estimated to bés K timated to be 0.07 cit from the IR-VUV double-resonance
by measuring laser induced fluorescefick) spectra of the  excitation spectra obtained by scanning the wavelength of
A—X transition of GH, under the same jet-cooled con- the IR light.
ditions3! The collimated VUV beam was introduced into the The visible fluorescence from the,8 (A,B) fragments
main vacuum chamber and crossed the free jet at rightroduced by the photolysis of,8, in the VUV region was
angles, 15 mm downstream from the orifice of the pulsedetected by a photomultiplier tubéHamamatsu R928
valve. In the IR-VUV double resonance experiment, thethrough a light collection lens pair located in the direction
collimated IR beam was counterpropagated colinearly withperpendicular to both the laser beams and the free jet. The
the VUV beam. At the laser beam-jet interaction region,signal from the photomultiplier tube was preamplified
the diameters of IR and VUV beams werés and 2 mm, and averaged by a boxcar integrat&tanford SR250 and
respectively. was sent to a personal computer through an analog/digital
Tunable VUV laser light with the wavelength region of converter.
A=130.8—135.3 nm was used to exciteH3 to the D, E,

and F states. The apparatus used to generate the cohereft, RESULTS AND DISCUSSION
tunable VUV light was described previousR/Briefly, the - )
VUV laser light was generated by a four-wave differenceA. Assignment of the D, F, and E states

frequency mixing (2, w,) technique in a Kr gasl5-70 In the upper and lower panels of Fig. 1, the observed

Torr) using two dye lasereLambda Physik FL2002 oy ppoFREY spectra in the 73 950—75 350 crand 75 400—
and Questek PDL-3 fon,) pumped by a XeCl excimer laser 76800 cnit regions are shown, respectively. The transition
(Lambda Physik LPX-103i The wavelengtix, =2m/w; of . ave numbers of the peaks in the PHOFREY spectra are in

the second harmonics of the dye laser output ger)erated byg%od agreement with those reported previot€ijo transi-
BBO (B-BaB,0O,) crystal wask;=212.56 nm, which was ;. 4 the bend excited levels was identified in either of the

in two-photon resonant with Kri{1/2]o, and the wave- g ¢ = 5 bands, suggesting that the equilibrium geo-

length\,=2m/w, generated by the other dye laser was var- ) ~ ~ ] ,
ied between 500 and 580 nm, resulting in the VUV wave-metrical structures of thB andF states are linear as previ-

. i -0

length of Ayyy=130.8—135.3 nm. When measuring the OUSly inferred. o _
excitation spectra, the VUV intensity was monitored simul- ~ On the other hand, weak but distinctive progressions
taneously by a photomultiplier tubéHamamatsu R1259  Wwere identified in theE—X band. This indicates that the
The w; and w, laser beams were separated from the VUVstate has a nonlinear equilibrium structure, which is sup-
laser beam by a 30° lithium fluoride prism. Three light Ported by the previous study by Lundbertal!® who iden-
buffles were placed between the prism and the main chambéfied the evidence of a nonplanar, noncentrosymmetric struc-
in order to eliminate the visibleu(,) and UV (w;) scattered ture of theE state in their rotationally resolved UV—-UV
light in the chamber. The spectral bandwidth of the VUV double resonance spectra.
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IntheX =, D ', andF 'S states whose equilib-
rium structure is linear, the normal modes are{C—H sym-
metric stretch, v, (C—C stretch, v3 (C—H antisymmetric
stretch, v, (transbend, andvs (cis-bend. In the nonplanar

E'A state, the normal modes are the (C—H symmetric
stretch, v, (C—C stretch, v5 (nearcis-bend, v,(torsion),
vs (C—H antisymmetric stretgh vg (neartrans bend.© It
should be noted that the classification as well as the number- T T T
74000 74500 75000

ing of the normal modes for the state withC, symmetry is Wavenumber / cm’
different from those in théX, D, andF states withD..,
symmetry.

Regarding the assignment of the origin of the-X
band, consensus has not been reached yet. Herman and Colin
assigned the band observed at 74 629 tto the origin of

the E—X band® which corresponds to the peak appearing in
our PHOFREY spectrum at 74615 ¢ The same assign-
ment was adopted later by Lundbeggjal® On the other : . ,
hand, Ashfoldet al. assigned the transitions at 74 629 ¢m 75500 76000 76500
to the 34 band (v4: C—H antisymmetric stretgt* When Wavenumber / cm

74615 cmlis adopted as the origin of tHe—X band. the FIG. 1. The PHOFREY spectrum oh8, in the 73 95076 800 cnt range
bands observed at74 029 and~75011 cmit need to be recorded by monitoring the fluorescence emitted from thiel(@,B) frag-

. . . ments. The assignments of the vibronic bands are given above the corre-
assigned as hot-band transitions from tlens-bend excited  sponding peak profiles. The sharp dips with an asterisk in the lower figure
level in the?( state. However, under jet-cooled conditions are caused by the intensity drop of the VUV light source associated with the

’ . . self-absorption of Kr.
hot-bands are not expected to appear with such strong inten-
sities. Therefore, it may not be appropriate to regard the band
at 74615 cm* as theE—X origin band. ) )

When adopting the peak at 72 73Ref. 14, 72746 B. Origin bands of the D and F states
(Ref. 15 or 72 744(Ref. 16 cm™ ! as the origin band tran-

sition, the peak at 74 615 crin the present study can be

assigned to th& (3v}) band(v}: nearcisbend, and other
unassigned peaks in Fig. 1 can be interpreted straightfo

CZH(Z,E) signal / arb. units

o
1

CZH(Z,é) signal / arb. units

j=]
1

In the upper panel of Fig. 1, the six vibronic banBs33,
D0Y, E33 FOS, E2L3l, andE 33, are identified in the
increasing order of their band center wave numbers. Among
_ P them, the band origin transitions of tBe-X andF —X bands
wardly as members in the two progressiods(nvz) (N appear with the largest intensities at74500 cm® and
=2-5) andE (v,+nvg) (n=1-3) with respect to they ~74 750 cm'}, respectively. In order to derive the bandwidth
mode. The vibrational assignments for the transitions to thend the band center wave numbers of these six vibronic
D, E, and F states are shown in Fig. 1, where tire bands, the least-squares fit was performed for the spectral
(n" ) —X (") transition is denoted aB 32 for ex- shape'of the entirg region in the upper panel of Fig. 1.In t'he
numerical synthesis of the spectrum, a Lorentzian-type line

ample. - profile fiL (v, v;, I;) is adopted for the five transitions and
The peak positions of the—X bands appearing in our an asymmetric line profil&®

PHOFREY spectrum are in good agreement with those in the 2 5
two-photon resonance multiphoton ionization spectra re- |FO{ q+ (M)]

corded by Ashfoldet al'* and Takahashét al® These two _ I'eo

. . . . fro(v, veol o) = _ 2 @)
groups interpreted the vibrational progression as that of the 14 2(v="vpo)
1Ag Rydberg (Xr,— 3pm,R) state. However, the transition I'eo

to thelAg Rydberg state should be symmetrically forbidden ~ 3
vas adopted for theé Oy band, where the parametess v,

in the one-photon absorption scheme as far as the equiIiBN i .
and[; represent an intensity factor, a band center wave num-

rium structure is linear. Therefore, the agreement betweeB : :
o er, and a bandwidth, respectively, agdlenotes an asym-
the one-photon and the two-photon transitions can be re-

) ~ _ “metric paramete¥ The synthesized spectrum,
garded as an evidence that thestate has a nonlinear equi-

librium structure. TheE A valence state with a neais C, |(,,):2 aif:-(,,,,,i,ri)erfFo(,,, veo, Tro), 3
symmetry is possibly formed by the interaction between the

1Ag (1m,—3pm,R) Rydberg state and thé3_ (1w, was fitted to the observed spectrum. The results of the least-
—1mg) valence state because both of these two electronisquares fit are summarized in Fig. 2 and Table I.

states are expected to be located around the wavelength re- Though the degree of asymmetry for thed) band is
gion investigated in the present stuid. small, as represented by the relatively large valuey,of
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those of theD —X andF—X transitions(60—180 cm?), sug-
gesting that the nature of tfie state is intrinsically different
from theD andF Rydberg states.

1 PHOFREY
C2H2

C. v, bands of the D and F states

C,H(A,B) signal / arb. units
1

In the lower panel of Fig. 1, the VUV light intensity
fluctuates due to the self-absorption of a Kr fJassed as a
_ nonlinear medium for the four-wave difference mixing. The
74000 74400 " 4800 75200 effect of the intensity fluctuation can not be canceled out
Wavenumber / cm’”’ completely even after the intensity normalization procedure,
FIG. 2. Comparison of the observed PHOFREY spectiduoty in the a,nd it caus'es sharp deS marked by an asterisk in th_e mtgn-
upper panel of Fig. 1 and the best fit spectrmold solid curve constructed ~ Sity normalized spectrum. Though the least-squares fit using
by Lorentzian profiles assigned to the respective six vibronic bands. Thenultiple Lorentzian profiles was not performed for the spec-
Lorentzian components are plotted in a thin solid curve. The residuals of therym in the lower panel, it can be read readily from the

fit are plotted below th trum. 2
1 e PIoTieq Delol The speciiim spectrum that the widths of tHe 23 band(~80 cm?) and
theF 2} band(~50 cmi %), are comparable with the those of

the D 03 and F 0) origin bands in the upper panel. These
bandwidths obtained here are consistent with the correspond-

=21.36), theinclusion of theq parameter reduced largely
the standard deviation of the fit. The FWHMs of tbe-X ing bandwidths of(D,)=87 cni* and I'(F,)=53 cm

and F-X origin band transitions,/(Do)=58.9(4) and reported previously by H-atom fragment action
I(Fy)=66.7(2) cm®, which can be converted, respec- spectroscopy!'?
tively, to the lifetimer of =89 and 79 fs, indicate that the
ultrafast dissociation proceeds through these two vibrationaﬂ)
levels with comparable rates. '
As shown in Table I, the bandwidths of the folrX In order to investigate an effect of the antisymmetric CH
transitions are al-40 cm%, and are much narrower than stretch excitation on the predissociation rate in thand F
states, the IR-VUV double resonance excitation scheme was
adopted. Acetylene was excited first to thg and vj+ vj
TABLE I. Determined term values and bandwidths of the vibronic bands oflevels in the electronic ground state, and then, it was excited

vy and v;+w} bands of the D and F states

the D, E, andF states of acetylerfe. to the corresponding levels in tizandF states by the VUV
Vibrational light,
Term value  term value Y vl
State Assignment Jem™t Jem™t Width/cmt CoHa(X) + hvig— CoHy(Xv3), )
5 0 74490.21) 0 58.94) CoHo(Xv%) +hwyyy— CoHo(Dvh Fol), (5
2t 76 2707 1780 8r d
3 776293°  31393) 18413) an
1q1 d ~ ~
13 80 6719) 61875 13319 CoHo(X) +hvig— CoHy(Xvi+ v3), (6)
Ef 32 740291) 1276 5@4) ~ . .
38 74614.53) 18615 261) CoHy(Xvi+ v3) +hvyyy—CoHy(Drvy+ vy, Fri+ws).
213! 7501%1) 2258 404) (7
3 752431 2490 555 L
132 75 58(3; ) 2827 ® The observed IR-VUV double resonance excitation
35 75 850 3097 3P spectrum is shown in Fig.(8). The broad shoulders identi-
2138 76 1007 3347 43 fied at the positions indicated by an arrow in Figé)3and
= 0 7475141 0 66.72)9 3(c) appeared only when the 'IR laser light was introduced,
ot 76 480 1729 58 and therefore, they were assigned to the double resonance
3t 77 8173)F° 30663) 1035) transitions. It is expected that the fundamentals of the C—H
13t 8094437  61933) 14914) antisymmetric stretchi(}) of the D andF states are also
"__ —1 .
&The number in parentheses represents a standard deviatiprobtained close tOv3— 3294.8 cm ~Of Ehe e'ef”oj“c ground state, and
from the fit that the 3 bands of theD—X andF-X transitions should
References 11 and 12. appear near their electronic band origin transitions. There-

‘Calculated  from the hot-band transiton from thevj =1
[~ 3294.8323(4) cri'] level. fore, the broad bands located-a?4 300 and~74 500 cm

dCalculated from the hot-band transiton from the/+w5 i Fig. 3(b) were assigned to the 3; andD 3j, respectively.

P[ri 6?_56-45;6_1(5f)_t°m1] 'e‘;e'- ormed b the week ntensit Since these Bbands of théD andF states are shifted by
e Lorentzian 1t was not periorme ecause O € weekK Intensity. =1 .

"The origin band wave number, 72 788) cm™?, reported in Ref. 14 is about 2.00 cm- to .the ]oyver wav? number side from the

adopted to obtain vibrational term values. respective electronic origins, thg 3; bands are expected to

9The asymmetric parameter was obtained in the fitg-a21.36). be shifted further by 200 cnt. Consequently, the broad
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1 @ rRoFF F .
0

CZH(AN,E) signal / arb. units

T ®IRON()

~ T T e
b 3 74200 74400 74600
& l VUV wavenumber / cm”’

] nutny

C,H(A.B) signal / arb. units

CZH(;,E) signal / arb. units

74000 74400 ) 74800

T T '|
Wavenumber / cm’ 74000 74200 741400

VUV wavenumber / cm’
FIG. 3. The PHOFREY spectra of,H, in the 73 950—74 850 cnt range

recorded by monitoring fluorescence emitted fropH(A,B) fragmentsia)
the one-photon PHOFREY spectruth) the IR-VUV DR PHOFREY spec-
trum observed when the IR laser is tuned to B{@&) line of the v} vibra-

FIG. 5. The results of the fits of the IR-VUV DR PHOFREY spectra ob-
tained when the IR wave number is tuned to B(@) line of thevy (uppe)

and v+ v5 (lower) bands. The observed spectrum is drawn in dots and the
tional transition at 3287.7 cfit, and(c) the IR-VUV DR PHOFREY spec- best-fit spectrum is drawn' in ? thinf(i"_d curve. The compon~entls 1Of the
trum observed when the IR laser is tuned to BN@) line of the v+ v} double-resonance bands, i.B.3; andF3; in the lower panel and1;3;
vibrational transition at 6549.3 cmh. and F1i3i in the upper panel are drawn in bold solid curves. The other
components, i.e., the one-photon excitation components, are drawn in bro-
ken curves. The residuals of the fit are plotted below the respective spectra.

bands located at-74 100 and~74400 cm? in Fig. 3(c)
were assigned t® 1} 3! andF 17 3, respectively.
In order to confirm that these new bands are double reso-

. .~ _excitation spectrum obtained by monitoring the total fluores-
nance transitions, the IR laser wavelength was scanned in the ) P y g

narrow wavelength range around the centers ofithend cence emitted from tha qnd@ states of thg 94 photofrag-
V+ v band, while fixing the VUV wavelength at the double MENtS(Upper tracg and (i) the PA-IR excitation spectrum
resonancéDR) peak. In addition, photoacoustiPA) spec- (Iovvler;[r:acle)F.z b i Fig. 4. t tational
trum of acetylene was measured simultaneously to assign the dn '€ ¥vavi nur.rtl) er ranlge In rg. 4, two rlo a |Iona
rotational transitions appearing in the DR-IR excitation spec- and origins for the vibrational transition to the level,

-1 " " "
trum. The two kinds of IR excitation spectra obtained for the3294.83284) Cm,l’ and that to thevy+ v, vs Igvel,
v, transition are shown in Fig. 4. They af® the DR-IR 3281.89343) cm -, are located. These two levels interact

with each other through the 3/245 Fermi resonalicEhe

rotational assignments for thé and )+ v+ v¢ bands are
shown just above the DR-IR excitation spectrum. Though the

PY) RW) Hab ") :
it ——— PA-IR excitation spectrum exibits a pressure broadening, the
A S S R(,J’ g 4 & L, 1 wave number positions of the sharp peakis<f) in the

DR-IR excitation spectrum measured under jet-cooled con-
ditions are in good agreement with the centers of the rovi-

brational peaks in the PA-IR excitation spectrum. On the

basis of this frequency match of the rotational transitions, the

Photoacoustic fluorescence peaks in the upper trace of Fig. 4 and the shoul-
der appearing at 74500 c¢rhin Fig. 3b) were assigned

unambiguously to the IR-VUV DR transition, i.e., tie3}

3285 3290 3295 3300 3305 band.
Wavenumber / cm’” The least-squares fit was performed for the observed
FIG. 4. The IR-VUV double resonance excitation spectrum giuppe) peak proflles In the IR-VUV DR PHOFREY spe_ctra in Figs.
obtained by scanning the IR-laser wave number while monitoring the fluo-3(0) and 3c). In Fig. 5, the observed and best-fit convoluted
rescence emitted from the,B(A,B) fragments. The VUV laser wave num- SPectra are shown with the Lorentzian components for the
ber is tuned to 74 522 cf, where theF X 3! band is located. The pho- D 17 3] andF 17 3] bands in the upper panel and those for

toacoustic (PA) excitation spectrum in the IR rang@dower) observed Ehe 5 31 and’,‘:’ 31 bands in the lower panel In the least-
1 1 :

simultaneously is compared. As shown in the rotational assignments, th . -
two vibrational bands, i.ex; and v+ v+ v, overlap with each other in  Squares fit, the band-center wave numbers and bandwidths of

this IR range. the respective one-photon excitation bands, which overlap

CZH(A~,§) monitor
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with these double resonance bands, were fixed to the same L . L
values as those determined in Sec. I B. 2007

From the least-squares fit, the FWHMSs of tie3?,
F 3!, D 113!, andF 1} 3] bands were determined to be 1507
I(D3)=184(13), I'(F3)=103(5), I'(D;5=139(19), and
I'(F19)=149(14) cm%, respectively. This significant broad-
ening identified for all thes; excited levels suggests that the

0 A
vz mode accelerates the rate of dissociation throughDthe 50
3 23 133
3
33

rfem’

1001

andF states to a large extent. In tifestate, the additional —E !
i H i ! i H 1ati T T T T T
excitation in thev; Lnode |n~creased further th~e dissociation 74000 76000 7000 80000
rate, i.e.,[(Fo)<I'(F3)<I(Fi3, while in theD state, the Wavenumber / em’
additional v; excitation effected in a different way, i.e., ~ ~
F(B )<F(5 3)<1—(5 ) FIG. 6. The bandwidthd], for the vibrational levels of th® (O), E (O),
0 ! 8/ andF (A) states of GH, listed in Table | as a function of the term value.
E. Mechanism of the C ,H (A é) formation The ordinate on the right-hand side represents the lifetimeonverted

from I using 7-I'=5.3 ps cm *. The length of the vertical bars represents

Herman and Colin measured an absorption spectrum ofn estimated limit of uncertainties.
the D—X andF-X transitions under bulk conditions. From
their absorption spectrum, the ratR=1(D)/I(F) of the _ o _
spectral intensitiesl,(f)) and|(|~:), of the D—X and F—X sive s'fate Ieadlng to tr.]e2.6|+H d|§soE|at|on; The d|fferent
origin-band transitions were estimated toRe 0.172). In behavior of the dissociation rate in tikeandF states Ejen—
contrast, the intensity ratio iB=0.4(1) in our PHOFREY tified when v; is excited in addition tovs, I(Dj)
spectrum shown in the upper panel of Fig. 1, indicating that>I'(D), andI'(F3)<I'(F13), may indicate that the simul-
the quantum yield of gH(A,B) from the vibrational ground taneous excitation of the; andv; modes enhancef the wave
state of theD state is larger than that from the vibrational function overlap with the continuum state in tlfe state,
ground state of th& state by a factor of 2.4. while it reduces the overlap in the state.

Loffler et al''2 measured one-photon VUV excitation The bandwidths for the transition to tlie state levels
spectra of jet-cooled acetylene in the 75600-76 600cm (Ir~40 cm 1) are much narrower than those for theandE
region by the H-atom fragment action spectroscopy. The instates [=60—-180 cm?). This means that the dissociation
tensity of theF 25 band was 1.5 times as large as that of theproceeds much slower in tr state. Since the equilibrium
D 2; band in their spectrum, while tHe 25 band is slightly — geometry of theE state is considered to be displaced from
weaker than th® 2} band in our PHOFREY spectrum in the the planar configuration, the slow dissociation rate inEhe
lower panel of Fig. 1. Because the dissociation rate in thistate implies that dissociative wave functions on the con-
energy region is much faster than a radiative relaxation ratainuum state have a probability distribution considerably dis-
and only minor contribution is expected from the elimination p5ced from theE state geometry, i.e., the dissociation may
of a molecular hydrogeh* the quantum yield of the proceed from planar or linear geometry.

H-atom production is considered to be unity. Therefore, the  op, the basis of the H-atom fragment action spectroscopy
differences above indicate that the quantum yield of they acetylene, Lifler et al? suggested the existence of the
C,H(A,B) production is larger in the, excited state of the  statistical predissociation pathways from tBe E, andF

D state than in the’; excited state of thé state. _ states, which produce ,E8/(A) photofragments via mixing

The preference of the 1(A,B) formation in theD  jith the or B state. When the dissociation from the E,
state compared with theé state identified both in the origin - andF manifolds proceeds through such a common interme-
and %Nbands may be ascribed to theelectronic character diate state, the relative yields oB(A or B) for these elec-
of the D state. Because the potential energy surfaces whicltonic states are expected to be almost the same. Therefore,
lead to the fragmentation into,8(A,B) are known to have the clear dependences of thgHCyields on the initially ex-

a Il charactet? the dissociation through th® state having cited electronic state as well as on their vibrational states
the samdlI character would be preferred to that through theidentified in the present study indicate that the memory of
E state having & electronic character. the electronic and vibrational characters of the initially pre-

In Fig. 6, the bandwidths of the observed peaks in thgoared state is preserved persistently in the course of the pho-
PHOFREY spectra listed in Table | are plotted as a functiorfodissociation.
of their term values. Since the; coordinate corresponds
with th_e dissociation coordina?e in thg linear geor_net.ry, thqv_ SUMMARY
bandwidth broadening associated with thg excitation
could be ascribed to a larger overlap between tbe vibriltional The D M1, andF '3 Rydberg states and tfe'A va-
wave functions of thev; excitated levels in thd and F lence state of jet-cooled,8, located in the 135.3—130.8 nm
Rydberg states and the continuum wavefunction of a repulregion were investigated by measuring excitation spectra
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