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Vacuum Ultraviolet Photolysis of Acetylene in the 110-S35-nm Region
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R. Estler
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Abstract

State-specific photofragmentation of ●cetylene in the 110- to 135-
nm region has been studied using vuv laser and synchrotrons sourcz$.
Investigations have been focused on learning the spectroscopic
identity of the excited photoproducts by examining their time-resolved
fluorescence. Results of the quenching of the excited photofragment
emiasicm and the emission polarization measurements are presented. An
interpretation of these results in relating the obs,?rved photoproducts
to the vuv photodissociation process is discussed.

Introduction

Vacuum ultraviolet photolysis of ●cetylene has been studied first
by Stief et all at 1236 nm. An vi.tble emission was reported by this
work to be due to Cz Swan band, Eecker et ●l.z later attributed the
emission to be from ●n excited state of CaHa or that of the C2H
(designed here as C H*) because the ●mission ●ppeared to be broad
covered the 400- to 5%0-nm ragion, unlike the diatomic spectrum of the
C2 radical. Similar vorkss” on the vuv photolysis of CaH2 and $ZHBr
have provided strong evidences that ●xcitod athynyl radicals, CH ●re
Indegd the photoproducts. Vary racently, fadditional mxper mental
●viclances were provided by othar workars uming ● fast discharge vuv
light sources ●nd synchrotrons radiation,a Thor. seams to he little
doubt that the broad emission is due to CZH*, However, a controversy
has arisen ov~r tht ❑echanism of the obsened long decay time: does
it reprea~~nt the radiative lifetime of the excitad radicnl or ● dark
intermediate state that rapidly produces the emitting p’.lotoproducts.
A propos~l”a for the dark Intermediate state is that it is the lowest
triplet state of vinylidane, CCH ,e-Lisince it has been obsemed in

fflash photoexcitation of acaty ●ne. The triplet state of th~
●cetylane isomer, CCHa haa boon calculated to be ●t 14,700 cm-i ●bovo
the ground state,”

With the availability of the laaar-basad high-raaolution WV light
sourcos, ● stata-spacific photofrapantation study of CZH2 can be
implcmantod to addrasa thase issuQs. The intantfon is to ●xemina the
colljsion-fr@o fluorasconca lifatimo ●nd quenching efficiency of the
obsem~d ●mission in ● stata ●elocrivo ❑anner, In ●ddition, using the
fluorcscanco polaritiation ❑oasursmanta to laarn about tho ●xclted
●tata symmtry.



Experimental

Both ● synchrotrons light source ●nd a lamer-based coherent vuv

source ●ro ueod for these ●xperiments. The rynchrontron light source
is used for providing ● low-raeolution sumey of exci~ation ●pectra
over a broad wavelength range (110 to 140 rim). With the large time-
window ●nd the high-spectral resolution of the lamer source. The
coherent light is used for obtaining time-rosclved moasurementa of
fluorescence decay and vibronically mtate-mpecific ●xcitation spectra.

The s~chrotron light source is ● windowed (LIF) beam port (U9A)
●t the Brook..aven National ~boratory, National Spichrotron Light
Source (NSLS). A 0.5-11 ❑onochromator is used to disperse the wv
light . Excited epecieo emiaaion la detected ●t ri~hc angles with a
0.2-14 monochromator ●nd a coolsd photomultipler tube (P!4T). The
broadband synchrocron radiation is used to calibrate the spectral
●fficiency of the detaction system. NIH photon counting electronics
in conjunction with ● LeCroy 3500 multichannel ●nalyzer and ● mini-
computer (U-11) are used for data acquisition ●nd reduction.

The coheront vuv light is gcnarated by frequency tripling in inert
Sas mixtures (Xc, Kr, ●nd Ar). The apparatus is shown in Fig. 1. A
Nd :?AG laser-pumped dye haer system is ●ployed. The dye laser
output of 40 to 70 d/pulee ●t the 550- to 620-nm region is ❑ixed with
reeidual 1.06-Jsm light from the YAG laser to produce 5 to 10 m.1of the
365- to 385-rimlight. A 10-cm f.1. lens 18 used to focu~ che near uv
light into the th~rd harmonic generation (IHG) section. A bandwidth
of 1.5 cm-l for the vuv light IS approximated for the vuv light. A
LiF lens (10 cm f.1. ●t 420 m) ie uaerl to collimate or focus the vuv
lj14htto the bampla CO1l s.ction. A nitric oxide Ionization cell with
tvo plates biaead ●t 2LI0‘“18 utilized ● deteccor for the vuv ligl,t.

Figur@ 1. A ●chomatic diagram of tha ●xperimental ●pparatum.

Since the THG procoaa fe on!y typically generated ●t ● 10-s ●ffl-
ciency, naar uv scatcored light it large eomparad to the de~lrcd
photoproduct ●mieeion romlting from vuv photolysis \ number of

llght baffles ●ra inmrted ●long the beam path A liquid filter (5-

F/1 hydrated Fta(SOa)3 ●nd other interference filter- ●ro ueed to



block the scattorad f~ml.amantal lasar \ight. The filtering nyatem
trammitn emission from 600 co 940 nm with a transmission dip from 550
tO 620 iam. In some ●parimants, ● pinhole (-0.3 mD in diameter) is
iruerted into the midsection of the sample chamber. Because of the
very large difference in the refractive index of the LIF lens, the WV
●nd near uv laser beams ●ra focused #t vary different focal lengths.
This allows the pinhole to discriminate much of :he ne~i uv light. A
better than two orderm of ma@tud= of reductian in the scmttered
light is attained. A gated PMT. which can be turn on/off for preset
time delays and vlndov~, is used for observing the amission. The
output of the PHI is sent to either ● boxcar ●verager or ● transient
digiLizer/minicomputer nystem for signal ●veraging and data reduction.

Results and Discu~sion

The photoproduct emlasion spectra are obtained ●t different
excitation wavelengths. The spectra ●re obsexwed to be broad with nc
detectable sczucture, covering the ●ntire visible region, cimilar to
previous obaemationa.z.3”5 However, the obsened s}ectra differ from
the previous work in that the ●mission exmnding farther to the red.
essentially to the cut-ofi wavelength of our P?fT’s, ●round 900 nm.
This Is most likely due to the breeder spectral response of the PHI’s
used in the present work. The s~chrotron ●xcitation spectrum, ●nd
chs laser ●bsorption and ●xcitation spectra are shown in Fig. 2. The
synchrotrons excitation spectrum shows Deeko due to ● combination of
vibrational progression in Rydberg stmces and valence states The
spectrum ●grees with the previous work,e which indicates ● cut-off
wavelength of ●mission ●t 136.5 nm, rather than 13f3nm 3 The laser
spectra are scans of one vibronic band (Rydberg s~ries, n - L. V2 - 1)
which demonstrate the relatively high resolution of the laser source
H~wever. since the lasar linewidth is comparable to the rotational
spacing of C Hz, it 18 not determined whether th~ ●crual bandwidth 4B
smeared out ~ue to the prcdissociatior process.
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Figure 2. A synchrotrons fluureacenco ●xcitation spectrum, a wv leser
fluorescence ●xcitation ●pectrum, and ● wv laser ●bsorption spectrum
of CaHa.



The excitation spectra are also taken ●t differant emission
wavelength regions. Two excitation spectra obtained with bandpass
filters (with a half-width of 60 nm) centered ●t LLO ●nd 850 nm ●re
shown in Fig. 3. ‘l’’harela ● distinct shift in the amplltudea of
vibronic peaks In rho two spectra. This seams to Indicate that higher

●xcitation photon energjv tends to p:oduca more excited photcproducts
The temporal characteristics of the umiasion are ●lso Investigated in
detail. It la found that single exponential decays give good fits to
emission cufies. It should be noted, however. since the emission is
broad, the obsendng decay is not a atata-selected decay. Collision-

free fluorescence lifetimes of the emission are determined to be
varied between 6 to 10 pm and are wavelength dependent. It appears

that tne shorter the emission wavelength the shorter the lifetime.
The implication is they, the ❑ ore ●xcited the photoproducts ●re, the
shorter their fluorescence lifetimes ●re. This is consistent wfth the

obsemation that the broadband amtssion
shorter excitation wavelengths.
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A fluorescence ●xcitation spectrum of CZHZobtained with fa)
(b) t350-nmbandpass filters.

●miasion quenching ❑eaauremants. ● number of gases are uced
●a quenchers. Several quenching rate constants are determined ●nd

listed in Table 1 for tha ●mission rosultad from the photolysis of
●ither CaHz or C2D2. Overall. no isotope ●ffect is obsamed between

these two ●ets of quanchlng rata constants. This 1s not surprising

since the obsarvad ●ml~aion contains presumably large number of

●xcited vibronic statea, no stato specificity is preservad within the
photoproduccs. Tha quanching data ●re fit to ● ●implo quenching

model , namely the harpoon mod~l .U which asaumes ● crossing of ●

nautral rapulsi~e potential ●nergy curve with an ●ttractive ionic
pocantial ●nar~y curve to cauae the quenching procoss Thie modal

works well for molecules which have 10V ionization potentials
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or large electron affinities. In this case, C2H does have a fairly
large electron affinity (-3 ev). It is found that ❑ost of the
calculated quenching cross-sections uaing this model to be ir
reasonable agreement to the measured cross-sections. The exceptions
are the quenching cross-sections for C2Ha, CF4, ●nd SF , which are
❑easured to be much fast than the model predicts. In tie C2H2 case,
this can be explained to be the result of a reactive channel. As for
CF4 and SFe, we believe that fast vibrational relaxation is probably
the pathway, due to the high intenal degree of freedom of the
quenchers. One very important result is that no noticeably faster
quenching rate constants are determined for heavy atoms or for fast
triplet quenchers such as 02. The implication lb that the emitter can
not be a triplet intermediate.

Table 1. Quenching Rate constants of C2H and C2D emission

Rate Constantc (see-l torr-1,

He 4.71 f 0.08 (+5)

Ar 7.7 ~ 1,1 (+5)

Kr 6.25 ~ 0.35 (+5)
Xe 1.30? 0.04 (+6)
Hz 1.65 ~ 0.04 (+6)
Dz 1.36 t 0.08 (+6)
02 1.43 t 0.26 (+6)
N 9,8 ~ 0,7 (+5)

C& 1.39 f 0,90 (+6;
C02
CF.
w“
c2fi2(122 m) 5,03 f 0,15 (+6)
C2H2 (118,2 nm) L.79 i 0.15 (+6)
C2D2

~$-

4.9 to.1 (+5)

7.9 f (),6 (+5)
7.3 ~(3m3 (+5)

1.13 *O.1O (+6)
1.36 * 0.10 (+6)
1.26 f 0.08 (+6)
1.30 ~ 0.06 (+6)
1.01 f 0.05 (+6)
1.38 f 0.20 (+6)
2.58 f 0.15 (+6)
2.42 t 0.18 (+6)
3.70 i0.25 (+6)

5.02 t J.14 (+6)

Since the ●xcited Czlj state ~ymmetry is %u, the exit channel of
thm predissociation must a161J be Xu; tlm H atom Is 2S, so the photo-
product ❑ust be produced in gtates correlating with r electronic
symmetry. By examining the C2H electronic state calculation of Shih

et A1..L3 it lo tolleved that 32A’ is the most likely candidate
emitting state of Cition tl~ebasin of energ~ spacing correlated with 2n
●t its equilibrium C-C bond spacing. In addition, fluorescence
polarization measurements ara made with the vuv lamer light polarized
parallel with respect to the detector. A positive polarization ratio
of -6u im ❑eauured, T’t~iBindicates ● perpmdicular trar,sition to be
tha aain contributor in tho ●mission procals and is in agraement with
our toatative ●ssignment of the 32A’ --> 2ZA’ tran~ition ●n tha one
responsible for the obsomsd emiu-ion,
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