Ultraviolet photodissociation of the HCCO radical studied by fast radical
beam photofragment translational spectroscopy
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The ultraviolet photolysis of jet-cooled mass-selected ketenyl radicals has been investigated using
the technique of fast radical beam photofragment translational spectroscopyC°ThEgA”) —

X?2A" photofragment yield cross section spans 33 400—48 000'cand exhibits resolved
resonances and broad continua. Dissociation produces both ground and excited state CH radicals in
association with ground state CO fragments; there is no evidence for H atom elimination. Analysis
of the photofragment kinetic energy release spectra yield a value for the C—C bond dissociation
energy and heat of formation of HCCO(,(MIC-CO=3.14+0.03 eV (72.4-0.7 kcal/mo} and
AH?,O(HCCO)=1.82t 0.03 eV (42.:0.7 kcal/mo). © 1996 American Institute of Physics.
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The ketenyl(HCCO) free radical is a short lived com- tively) using a backing pressure of 45 psi. The ions are ac-
bustion intermediate of acetylene and larger unsaturatedelerated to 8000 eV and mass selected by time-of-flight.
hydrocarbons. The majority (ca. 80% of acetylene mol-  The HCCO' ions are selectively photodetached at threshold
ecules are oxidized via the HCCO intermedfateA major  with a pulsed dye laser tuned to 19 225 ¢mThe result is a
obstacle to the study of acetylene combustion has been thgst, isentropically cooled, mass-selected beam of HCCO
previous lack of a sensitive visible-ultraviold#V) spectro-  (54icals.
scopic probe for the HCCO species. The mechanism for
acetylene oxidation is still unresolved.

Despite its importance, the HCCO radical has receive
only minor experimental attention. Oakes al® measured
the photoelectron spectrum of the HCTa@nion, yielding )
the electron affinity and heat of formation of HCCO. The 1WO tyPes of experiment are performed.
microwave rotational spectrfih of HCCO was observed A. The photolysis frequency is scanned and the total flux
around 21 GHz and from 325-390 GHz and showed th&®f photofragments is detected, providing the photofragment
ground state geometry to be planar and quasilinear. The loc¥i€eld cross section as a function of frequency.

C-O0 stretching vibrational mode was characterized in infra-  B. At selected photolysis energies, the photofragments
red absorptioff:® There have been two repoft$! of UV are collectedin coincidenceusing a universal time- and
absorption bands centered arourd 28 500 cm'%, but nei-  position-sensitive detector. This yields the kinetic energy re-
ther is definitive. The latter has since been determined to brease, scattering angle, and photofragment masses for each
entirely due to formaldehyde molecuf¥sElectronic struc-  dissociation event.

ture calculationS** predict the energy, minimum energy  Figure 1 reports the photofragment yield cross section
configuration, and fundamental vibrational frequencies of thg;om 32 500-48 000 cmt. The apparent vibrational band
XZA", AZII(*A"), a*A", B2A’, and C*I1(*A") electronic origin is located at 33 403 cnt; reproducible vibrational
states. o _ _ structure is observed up to 38 000 th Higher resolution

In this communication, the first observation of an elec-q.,nq reveal resolvemtational structure for several vibra-

tronic transition for the HCCO radical is presented. For th'stional bands near the origin, an example is given in the inset

electronic band, we report the UV photofragment yield crosg Fig. 1. As the excitation energy is increased the reso-
section, the photoproducts, and total kinetic energy release o i ional struct t be resolved
spectra as a function of energy. These observations allow unsgmces broaden_,l rotatlo_na_ Siuciure cannot be resove
to identify the potential energy surfaces involved in elec-200V€ 35000 cnr', and individual vibrational resonances

tronic excitation and dissociation, and to refine the HC—ccFannot be reso!ve<123al2:)50ve 38 (')OO*c'lm.Based on literature

bond dissociation energy. heats of formationt;?>~?three dissociation pathways are ac-
The photodissociation of HCCO radicals is studied usingc€ssible to HCCO at the excitation energies in Fig. 1:

fast radical beam photofragment translational spectroscopy.

A full description of the technique has been previously

re-portec.il.g‘ﬂln brief, HCCO™ ions are formed by an elec- | oo X 2A7) + hy—s CH(X2IT) + COXIS ¥)

trical discharg# in a pulsed supersonic expansion of

HCCH:N,0:0,:Ne (with a mixing ratio of 1:3:6:90, respec- AHy=3.14+0.03eV, (3.12eV)

The resultant neutral HCCO radicals are intersected by a
cE)ulsed UV photolysis laser beam, resulting in photofrag-
ments with high laboratory kinetic energy. These can be de-
tected very efficiently with a microchannel plate detector.
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FIG. 1. Ultraviolet photofragment yield cross section for Elél'[(zA”)—? 2A" electronic transition in the HCCO radical. The insert identifies rotationally-
resolved resonances at the band origin.

Il HCCO(X2A")+hv— CH(a*s ")+ CO(X13 )

AHy=3.88£0.03 eV,

(3.86€\}

Il HCCOX2A")+hv—H(2S)+CCOX3s )

with A H, defining the enthalpy of the reaction at 0 K. The

AHy=4.3 eV (Ref.26)

tributions, P(Ey), for the CH+CO mass channél.e., chan-
nelsl andll) at six excitation energies, obtained using the
coincidence detection scheme mentioned above. The maxi-
mum kinetic energies for channdlsandll are indicated on

all six spectra. The coincidence method cannot be used to
detect the H-CCO channel, because the fragment masses
are too disparate. However, a noncoincident photofragment
time-of-flight schemé&! shows no evidence of H atom elimi-

values for channels andIl with quoted errors are based on nation for HCCO, channellll . Therefore, within the limits -
this work; those in parentheses are the previous literatureéf our experiment, dissociation from the electronic band in

values.

Figure 2 shows photofragment translational energy dis-
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Fig. 1 results solely in CHCO production.
The P(Ey) distributions for the four lowest excitation
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FIG. 2. Photofragment translational energy distributid& 1), resulting from the UV dissociation of the HCCO radical at six excitation energies. Using a
bond dissociation energy of fHC—CO=3.14+0.03 eV,E (1) andE5(Il) indicate the maximum kinetic energy threshold for the productiorflofCH
(X2I)+CO(X =) and(ll) CH(a*S ™)+ CO(X 13 %) photofragments, respectively.
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energies each consist of two distinct peaks. From the ener-
getic thresholds given above, the onset of the lower energy 4
peak corresponds to the maximum kinetic energy release al- 5
lowed for channell, CH(a*s )+ CO, while that for the
higher energy feature corresponds to chanhel CH 7 o=c-g
(X2I1)+CO. The relative intensity of the peak at higher 4 =7 CHa(*¥) +CO
kinetic energy rises abruptly across the small excitation en-
ergy range(0.26 e\) spanned by the four spectra. Channel
I, therefore, dominates at the lowest excitation energies,
while the contribution from channélrapidly increases with
excitation energy. Note that this is the energy range over
which rotationally-resolved resonances occur in the photo-
dissociation cross section, indicating a slow dissociation rate. A2 @A)
In spite of the large differencé.72 eV} in excitation NG —c=0
energy, theP(E) distributions at 4.79 and 5.51 eV are simi- \
lar in form, consisting of a single peak with a maximum p
intensity at 0.9 eV, and a high energy tail that extends to the 0 111 13 14 1'5
maximum allowgd translational energy for chanmeIThg Dissociation Coordinate R(HC-CO) / A
peak at 0.9 eV is very close to the maximum of the higher
energy peak assigned to chanmein the spectra at 4.25, _ ~
4.27, and 4.40 eV. By analogy, we assign this peak to charf!G- 3. Schematic adiabatic curves for the’A”, AZII(*A’), @*A",
nel | in the two higher energy spectra as well. Based on thisB 2A’, andC 2T1(2A") electronic states of the HCCO radical, illustrating the

we attribute the maiority of th roducts at th tw n rpro_quct correlation with ground and excited state43ED fragments. The
_e a ute the majority o € proaucts a ese two ene C—X spacing(4.14 eV} and the C—C bond dissociation enefgyl4 e\) are
gies to channel.

o . obtained from our present work. ThRe-X spacing(2.35 eV} is obtained
The coincidence measurements also yield photofragmemiom Hu et al. (Ref. 18 and the difference between doublet and quartet

angular distributions. The photofragment recoil anisotropystates in CH is 0.74 e\Ref. 24. Minimum energy configurations are ob-
parameters(E), for all investigated photolysis energies are @ined from Kim and ShavittRef. 17 and Huet al. (Ref. 18.
positive. These values are independent of chatnet 11

product_s, qlthough there is a small degree of varlatlop Wlthresolution(O.l cm 1), reflecting the slow ISC rate. At higher
total kinetic energy. The average value @(E) is

0.7+0.1 excitation energies, channkls the major dissociation path-
T . . . .. _way, and the cross section is unstructured. This suggests that
As this is the first observation of an electronic transition y 99

. ) : redissociation occurs by fast internal conversi¢@) to
for the HCCO radical, the electronic states involved must b : hlvibraltiolnal Iev:l:ls onyth& 2;\,, state Iea;i/in (to)s in-
identified. HCCO has aX?A” ground stat&’ The bent g g P

= on, . o o ) allowed CHX?II)+CO(X'=*) products. The increased
B("A") §nd linear CZII("A") electronic states are cqntribytion of IC at higher excitation energies may simply
predicted’ to be located in the energy regime of the spec- v

S . o be due to the higher vibrational level density of tKEA”
trum in Fig. 1. Since all the photofragment recoil anlsotropystate or it may be due to a curve-crossing betweethad

parameters are positive we deduce that the observed cro&s tates: th d oth ts of the di iation d :
section is due to a single parallel electronic transition. In States, tnese and other aspects ot the dissociation dynamics
ill be considered in an upcoming publicatith.

addition, the rotational structure in the cross section suggesyg Finallv. the onsets of the peaks corresnonding to channel
that the upper electronic state is liné&tence, we assign Y pea P ng .
Il for the three lowest excitation energies directly yield

H H T~ 2 AN
the spectrum in Fig. 1 to the paralleC I(*A")~ A,Hy=3.88£0.03 eV for this channel. Combining this with

X*A"optical transition. _ thea S ~—X 2II splitting in CH* and heats of formation of
Consideration of spin conservation and symmetry showgyy ang ¢ yields both the bond dissociation energy and
that theC ?I1(*A") state correlates with highly excited prod- heat of formation for HCCO: HC—CO=3.14+0.03 eV
ucts. Channell products correlate with theX 2A” and (72.4x0.7 kcal/mo) and AH?O(HCCO)=1.82t 0.03 eV
AZI(2A’) electronic states of HCCO, whereas chanhiel (42.0=0.7 kcal/mo). The latter value supports and further
products only correlate with the “A” state(see Fig. 3 refines the currently accepted vald@of 1.84+0.09 eV and
Our results show that at least two competing dissociatiorrorrects a previous determinatfdrof the heat of formation.
mechanisms are present; this can be interpreted with the aid In summary, the electronic spectroscopy and photodisso-
of Fig. 3. Near the band origin, dissociation occurs almostiation dynamics of the HCCO radical exhibit rather unusual
entirely to the higher energy, spin-forbidden CH features. TheC 2I1(?A”)—X 2A” evolves from a rotationally-
(a*27)+CO(X'=™) channel. This mechanism presumably resolved spectrum near the origin to an unstructured spec-
involves intersystem crossingSC) from the C2I1(?A") trum at only slightly higher excitation energies. The dynam-
state to the low-lyinga *A” state. The dissociation cross sec- ics results show that dissociation to the higher energy, spin-
tion at the band origin is highly structured; the linewidths of forbidden CH@&“%~)+CO channel dominates at low
the rotationally-resolved resonances are limited by the lasexcitation energy, and the lower energy but spin-allowed

CaICAY)

CHXEm +CO

Potential Energy / eV
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