A IP I The Journal of )
Chemical Physics | /
A Iaéer photofragmentation time-of-flight mass spectrometric study of acophenohe at

193 and 248 nm
H.-Q. Zhao, Y.-S. Cheung, C.-L. Liao, C.-X. Liao, C. Y. Ng, and Wai-Kee Li

Citation: The Journal of Chemical Physics 107, 7230 (1997); doi: 10.1063/1.474964
View online: http://dx.doi.org/10.1063/1.474964

View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/107/18?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
A 193 nm laser photofragmentation time-of-flight mass spectrometric study of chloroiodomethane
J. Chem. Phys. 123, 174316 (2005); 10.1063/1.2074507

Photodissociation of bromoform cation at 308, 355, and 610 nm by means of time-of-flight mass spectroscopy
and ion velocity imaging
J. Chem. Phys. 118, 3083 (2003); 10.1063/1.1537691

Photodissociation dynamics of CH 2 BrCl studied using resonance enhanced multiphoton ionization (REMPI)
with time-of-flight mass spectrometry
J. Chem. Phys. 111, 5771 (1999); 10.1063/1.479874

lonization and dissociation mechanism of superexcited ketene using time-of-flight mass spectrometer
J. Chem. Phys. 107, 3797 (1997); 10.1063/1.474738

A 193-nm-laser photofragmentation time-of-flight mass spectrometric study of dimethylsulfoxide
J. Chem. Phys. 106, 86 (1997); 10.1063/1.473025

SUBSCRIBE TO



http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/327320036/x01/AIP-PT/JCP_ArticleDL_101514/PT_SubscriptionAd_1640x440.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=H.-Q.+Zhao&option1=author
http://scitation.aip.org/search?value1=Y.-S.+Cheung&option1=author
http://scitation.aip.org/search?value1=C.-L.+Liao&option1=author
http://scitation.aip.org/search?value1=C.-X.+Liao&option1=author
http://scitation.aip.org/search?value1=C.+Y.+Ng&option1=author
http://scitation.aip.org/search?value1=Wai-Kee+Li&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.474964
http://scitation.aip.org/content/aip/journal/jcp/107/18?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/123/17/10.1063/1.2074507?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/118/7/10.1063/1.1537691?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/118/7/10.1063/1.1537691?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/111/13/10.1063/1.479874?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/111/13/10.1063/1.479874?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/107/10/10.1063/1.474738?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/106/1/10.1063/1.473025?ver=pdfcov

A laser photofragmentation time-of-flight mass spectrometric study
of acetophenone at 193 and 248 nm
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The photodissociation of acetophenongHl§COCH;) at 193 and 248 nm has been studied using
the time-of-flight mass spectrometric technique. Reor=193 nm, two major primary channels,
CeHsCOCH;+ hy— CgHsCO+ CH4 [channel(1)] and GHs+CH;CO [channel(2)], are observed
with comparable cross sections. Data analysis shows~#&i% —50% of primary gHsCO and
CH3CO radicals further decomposes, yielding secondary produglttCO and CH+CO,
respectively. The translational energy release measurements indicate that for both dtiaramels
(2) at 193 nm~25%—30% of the available energy is channeled into kinetic energies of the primary
photofragments. Measurementshat=248 nm reveal that the branching ratio of chan(®l to
channel(1) is =~0.01. For chann€ll) athv= 248 nm,~42% of the available energy is directed as
the kinetic energy of the photofragments. The observed maximum kinetic energy release for channel
(1) at 248 nm yields a value of 85R.2 kcal/mol for the GHsCO—-CH; bond dissociation energy
at 0K (Dy). The photofragment angular distributions are found to be isotropic for both chdfhels
and (2) at hv=193 nm and for channdll) at h»=248 nm. A minor photodissociation channel
CeHsCOCH;+ hv— CgHsCH3+CO is identified at bothhv=193 and 248 nm. The energetics for
the dissociation reactions of acetophenone have also been investigated alsingitio
Gaussian-2-type procedures. The heats of formatio® & (A;H°) for CgHsCO and GHs
calculated using the isodesmic reaction scheme arez3B®and 87.6: 1.0 kcal/mol, respectively.
These results suggest that the literatigel°  values for GHsCO and GH; are likely to be low by
3-4 kcal/mol. These theoreticah(H® values for GHsCO and GHs yield a theoretical
Do(CsHsCO—-CH) value of 85.1 1.4 kcal/mol, which is in excellent accord with the experimental
results obtained in the present study. 1®97 American Institute of Physics.
[S0021-960607)00542-4

I. INTRODUCTION ciation of CHCOCH;,, whereas C@ 2CH; are identified to
be products at 193 nAn analysis of the TOF spectra for
The ultraviolet(UV) photochemistry of alkyl keton€S ¢y and CO has established that the formation oHEGTH,
and related molecul@s’ has been the subject of many recentfom CH,COCH; at 193 nm is governed by a stepwise
laser excitation studies. Upon absorption of a UV photon,achanisni.

ketones are known to dissociate efficiently via C-CO bond ¢ photochemistry of acetophenone ggCOCH;)

. . . '10 . L]
cleavage, resulting in acyl and alkyl rad|cé1T.§. Since the  the simplest aromatic ketone, has received little attention
C—-CO bond of an acyl rgdpal is weak, excited acyl rad'calscompared to that of CKCOCH,. Early photochemical stud-
formed at a sufficiently high mFe;rnaI energy have been fOunqes of acetophenone were motivated by the search for a con-
Venient source of phenol radicdfs!* The gas phase absorp-
radicals-"*!Acyl and alkyl radicals are important interme- .~ spectrum for (5145COCH3, in the regiogn ofp210—380 nrrF])
diates in combustion and a_tmosphenc proc’_lés'me knowl- exhibits three broad peaks centered at 325, 275, and 230 nm,
edge of the UV photochemistry of ketones is relevant for the

preparation of these radicals for spectroscopic and reactivitWhICh are assigned (0 By —S;, Sp—Sp, and S-S,

studies. Recent excimer laser photofragmentation time—or}—lr ansitions, respectivefs:™ The absorption cross section for
: he S;—S; peak is significantly stronger than that of the

flight (TOF) mass spectrometric experiments have provide N
detailed information concerning the dissociation mechanis —$, peak, thfh 'S in turn strongerl than* that of the
—S; peak. The first excited singl&; or ~(n,#*) state of

of acetone (CHCOCH;). ? Both acetyl (CHCO) and me- . .
thyl (CHs) radigéals are observed in the 248 nm photodiSSO_acetophenone is formed by an electron from the nonbonding
orbital (n) localized at the O atom being excited to the an-

tibonding 7™ orbital of the carbonyl group. The existence of

dAmes Laboratory is operated for the U.S. Department of Energy by Iowaa in ; ; ;
e = n aromatic ring adjacent to the carbonyl group in simple
State University under Contract No. W-7405-Eng-82. This article was sup- . Y J y. g. P . .p
ported by the Division of Chemical Sciences, Office of Basic Energy Sci—arom":ltIC ketones, such as acetOphenone! IS I'kely to facilitate

ences. intramolecular energy transfer, and hence inhibits the disso-
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ciative channels. Due to a small energy gap betweerSthe a rotatable supersonic molecular beam intersects with the
andT; [or 3(n,7*)] states, theS; states of simple aromatic excimer laser beam, and a linearly movable ultrahigh
ketones are known to undergo rapid intersystem crossing teacuum electron ionization quadrupole mass spectrometer
the T, state, resulting in high phosphorescence quantuntQMS).
yields%*® Similar intersystem crossing processes are ex- A continuous molecular beam of BsCOCH; (about
pected to follow theS, andS; states. Thus, the photochem- 3% seeded in Hewas produced by supersonic expansion
istry of S;, as well asS, and S; states, may actually take through a nozzle (diamete0.125 mm) at a total stagnation
place from triplet potential energy surfaces. pressure Py) of 360 Torr for 193 nm excitation and 560
The present work deals with the measurement and analyForr for 248 nm excitation. For the TOF measurement of
sis of photofragment translational energy distributions andC¢Hs; formed at 248 nm and),,, (the angle between the
recoil anisotropies for the photodissociation of acetophenongolecular beam and the detector axis10°, P, was re-
at 193 and 248 nm. The photon wavelength of 248 nm fallgjuced to 260 Torr in order to minimize the influence of
between theS;— S, and Sy—S; absorption peaks. The  dimers and clusters. The nozzle stagnation temperafige (
previous Kinetic study concluded that followil®y— S, ex-  was maintained at=180 °C for 193 nm measurements and
citation, triplet acetophenone dissociates exclusively intaat ~130 °C for 248 nm measurements. During the experi-
CeHsCO(benzoyl radicgH-CHa.*® The absorption cross sec- ment, the beam source, differential pumping, and photodis-
tion for acetophenone at 193 nm is not available. Howeversociation chambers were maintained at pressuress bf
judging from the trend of the absorption cross sections meax 104, 2x10 ¢, and<1x10"" Torr, respectively.
sured near 210 nm, the absorption cross section at 193 nmis The energy of the excimer laséQuestek model 2460
likely to be much higher than that for tH&—S; peak. Ex-  used was in the range of 60—80 mJ/pulse at 193 nm or 100—
cited states higher tha®; are likely responsible for the pho- 140 mJ/pulse at 248 nm. The laser beam entered the photo-
tochemistry of acetophenone at 193 nm. In accordance witllissociation chamber through a Mgfecusing lens and in-
the known UV photochemistry of ketorie?'%**we find that  tersected the seedegzCOCH; beam and the central axis
the dissociation of gHsCOCH; at 193 and 248 nm is domi- of the QMS at 90°. The spot size of the excimer laser beam

nated by processd4) and(2): was estimated to be'5 mn¥ at the photodissociation region.
CeHsCOCH;+ hv— CgHgCO+CHs (1) The electron energy and emission g:urrent of'the ionizer
used were 75 eV and 1.2 mA, respectively. During the ex-
— CgH5+CH5CO (20 periment, the ionization chamber pressure was maintained at

<5x10 ! Torr. Unless specified, the TOF spectra were
— CeHsCHs+CO. ©) taken at a flight patfithe distance between the photodisso-

Evidence is found for the very minor occurrence of procesgiation region and the ionizepf 65.5 cm. The TOF spectra

3. were recorded on a multichannel scal€tanford Research
Accurate energetic information about procesgbsand  model SRT43) which was usually set to a channel width of

(2) is essential for the analysis of the photofragment TOFL.28 us.

spectra observed in this experiment. The heats of formation The velocity distribution of the parent8;COCH; mo-

at 0 K (298 K), A{H° (A{H°,4g) for the radical fragments lecular beam was measured by recording the laser hole burn-

formed in processe$l) and (2) are not well established. ing spectrd?® at the mass corresponding tgHGCOCH;,

Thus, we have conducted a theoretical study of the energeter CgH. ) at 6,,,=0°. The measured speed profile of a spe-

ics of GHsCO, GHs, and CHCO using establishedb ini-  cies was then fitted to an assumed functional fofify)

tio quantum chemical schemes, such as the Gaussi@22 ~v? exg—(v—vg)?a?], where v, is the most probable

theory and its variancé$7*® We note that the G2 and speed anda is a measure of the width of the speed

G2(MP2) calculations of the heat of formation for the acetyl profile 22° For 193 nm excitation, these constants were de-

radical have been reported previou&lyThe errors associ- termined to beo=1.79x 10° cm/s anda=0.91x 10* cm/s.

ated with G2 predictions for\;H°y (A;H°99 values of In the case of 248 nm excitation,=1.73<10° cm/s and

larger polyatomic species, such agHgCO and GHs, may  a=0.79x 10% cm/s for P,=560 Torr, whilev,=1.44x 10°

be higher than that of C}€0.2° Recent G2-type schemes, cm/s anda=1.15x 10° cm/s for Py=260 Torr.

which combine the G2-type calculations and appropriate  The ion drift times through the quadrupole mass filter

isodesmic reactions, have been shown to provide accuratgere determined in a hole burning experiment. By recording

A{H° (A{H°,59 predictions even for large polyatomic the hole burning spectfaof different ions, GHsCOCH;,

specieg! 24 CgHsCO", CH,CO", CsHZ, and CH formed in electron
impact ionization of GHsCOCH;, the corresponding arrival
II. EXPERIMENTAL AND THEORETICAL METHODS times ¢) and massesn{) of these ions were used to fit the

equation: t=Am*2+t,, where t, is the flight time of
C¢HsCOCH; from the photodissociation region to the ionizer
The rotatable beam source laser photofragmentatioandA is a constant. The procedure yielded a value of 4.114
TOF apparatus used in this study has been described fior A. That is, the ion drift time through the QMS is deter-
detail?>~%The apparatus consists of three main componentsnined as 4.114 #? us. The actual flight times of photofrag-
an ArF excimer laser, a photodissociation chamber in whichments were corrected for the corresponding ion drift times.

A. Experiment

J. Chem. Phys., Vol. 107, No. 18, 8 November 1997
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The analysis of the TOF data was performed by a for-single-point energy calculations are computationally very de-
ward simulation method3! Briefly, the procedure began manding. Here, we have calculated th® values for
with a trial kinetic energy distributiof(E, ), which was CgH;COCH;, C;H;CO, CHCO, CH;, and CO using the ap-
transformed to a TOF spectrum for comparison with the exproximated GBMP2,SVB scheme introduced by Radom and
perimental TOF spectrum. HerE, , represents the center- co-workers** In the G2IMP2,SVP scheme, the
of-mass kinetic energy of the photofragment. TREE.. ,,) QCISD(T)/6-311G+(3df,2p) energies are calculated using
distribution was adjusted until satisfactory agreement bean additivity approximation,
tween the experimental and calculated TOF data was oh-
tained. For the determination of the threshdldaximum) bE[QCISD(T)/6-3116+(3df,2p)]

E. n threshold of a dissociation process, B€E.. ) distri- ~E[QCISD(T)/6-31Qd)]

bution near theE.,, onset was also obtained by direct

transformatiof® of the TOF data. +E[MP2/6-311G(3df,2p) ] — E[MP2/6-31Gd)].
In the measurements of the angular distribution, the laser (4)

light was polarized by a stack of ten quartz plates set at th

Fhe GIMP2,SVP calculations have been shown to repro-
Brewster angle. The electric vectlrof the polarized laser 2 SVP P

b t dicular to the detect d th ¢ td ce proton affinities for a set of reference molecules to
€am was Set perpenaicular to the detector and then rotalg i, the G2 target accuracy of 2 kcal/mol but at signifi-

trgtg;ge(:e?rl;]eedIgggrleeggrhgs v%/gg nmfggszjri dmgyh:lf;;vr%\ﬁectrcantly lower computational cost. Surprisingly, it is found that
detector, and was kept at 10 mJ/pulse at 193 nm and 1gZ(MP2,SVF3 performs better than G2 for hydrocarbons and

dicals®**3® Thus, we have applied the G2P2,SVP pro-
mJ/pulse at 248 nm. cedure to calculate theA;H°; (A{H°yg Vvalues of
CeHsCOCH;, CeH=CO, GHs, CH,CO, CH;, and CO.

B. Ab initio calculations

The G2 ab initio theoretical procedure has been de-|||, RESULTS AND DISCUSSION
scribed in detail by Curtisst al® It effectively corresponds
to the QCISDT)/6-311+G(3df,2p)//MP2/6-31Gd) level
of theory. Briefly, at the G2 level of theory, molecular struc- The theoreticalE,, A;H°;, and A;H°,gg values for
tures are optimized with the Hartree—FoKF) approach CgHs;COCH,;, CsHsCO, GHs, CH;CO, CH;, and CO ob-
and the second-order Mer-Plesset perturbation theory tained here and in previous calculati6h® at the G2,
(MP2), with all electrons included using the 6-3@dp basis G2(MP2), and GZMP2,SVB levels of theory are compared
set[i.e., at the HF/6-31@l) and MPZfull)/6-31Qd) levels.  with the experimentd?2>*values in Table I. In the case
Harmonic vibrational frequencies are calculated at the HF/6when only theA{H°, (A{H°,q99 value for a species is known,
31G(d) geometries for stationary point characterization. All the corresponding;H®,95 (A;H®) value is obtained using
subsequent single-point calculations at higher levels inthe calculated HF/6-31@) vibrational frequencies.
volved are based on the MP2/6-3@Eoptimized structures. The A{H°; (—0.55=0.6 kcal/mol) andA{H®,q5 (—2.2
Approximations of QCISDN)/6-311+G(3df,2p) energies =0.6 kcal/mol) values for CECO have been determined at
are obtained with frozen-core, single-point calculations at théuigh levels of theory using an isodesmic reacti®fhis cal-
QCISD(T)/6-311G(d,p), MP4/6-311G(d,p), MP4/6-311 culation supports the recent experimenigH®,qg value of
+G(d,p), MP4/6-311G(2f,p), and MP2/6-311 —2.39+0.29 kcal/mol for CHCO.?2 The A{H°%, (AH°,g9)
+G(3df,2p) levels. A small semiempirical correction is ap- values calculated for C}¥O following the normal G2,
plied to account for high level correlation effects to obtain G2(MP2), and GZMP2,SVB procedures are in satisfactory
the total electronic energye(). The HF/6-31G&d) harmonic  agreement with those of Ref. 20, with the G®P2,SVP
vibrational frequencies, scaled by 0.8929, are used for zeraA{H°; (A;H°,99) Vvalue closest to the experimental finding.
point vibrational energyZPVE) correction. The total energy In a recent study of the C—H bond energy of benzene, values
at 0 K (E) is equal toEq+ZPVE.3? All calculations are of 84.3+0.6 and 81.2 0.6 kcal/mol are recommended for
performed on IBM RS6000/90 and SGI Power Indigo 2A¢H°y(CgHs) andAH°,e4CeHs), respectively’® These latter
(with R10000 cpuworkstations using theAussIAN 94pack-  values are significantly lower than the corresponding
age of prograni® Unless specified, thA(H% and A{H%g9  G2(MP2) A;H°, (93.0 kcal/mol and A¢H°yg (90.3 kcall
values for the molecules are derived by evaluating the atomimol) values for GHs. It is known that there is an
zation energies and using the known experimedigH®,  accumulation of errors in the application of G2-type
values of C(170.0 kcal/mol, OP) (59.0 kcal/mo), and H  approaches to larger molecufés®3738 For example,
(51.63 kcal/mo).?132 the A{H°, and A¢H°,9g values for benzene (Eg) are

The GAMP?2) theory is a variation of the G2 procedure too low compared to known experimental values by 3.9
in which the single-point energies are calculated only at thend 5.1 kcal/mol, respectivef§:* It is interesting that
QCISD(T)/6-311Gd,p) and MP2/6-313+G(3df,2p) lev- the A;H°[G2(MP2,SVB] (86.1 kcal/mol and
els. In this study, we have obtain&g[ G2(MP2)] values for  A{H°,,d G2(MP2,SVB] (83.4 kcal/mo) values for GHs,
CgHs, CH;CO, CH;, and CO. In view of the large size of though still higher, are in better agreement with the experi-
C¢HsCOCH; and GHsCO, the QCISDT)/6-311G(d,p) mental values. This observation is consistent with the previ-

A. Thermochemistry

J. Chem. Phys., Vol. 107, No. 18, 8 November 1997
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TABLE . EJ[G2MP2)],  A{H°JG2MP2)],  A{H°,dG2MP2)],  AH°((G2(MP2,SVR],
AH%,d G2(MP2,SVB], andA;H°y(expt) values for gH;COCH;, CgHsCO, GHs, CHCO, and CH.
Theory? Experimenit
Eo AfH% AfH®59g AH% AH08
Species (hartree (kcal/mo) (kcal/mo) (kcal/mo) (kcal/mo)
CsHsCOCH;, —384.18795 —18.6 —23.4 —-15.9 —20.7+0.4
CgHsCH; 17.5+0.1 12.0:0.1
CeHsCO —344.30 982 30.3 27.8 29+ 24 26.1+24
33.9+1.3 30.6+0.7 33.3+2.2 29.4+2.3
CeHs —231.091 98 93.¢¢ 20.3 84.3+0.6 81.2:0.6
—231.09 371 864 83.4
87.6+ 1.0 84.5+0.6°
CH,CO —152.935 48 -1.3 —0.74-0.29  —2.39+0.29
—-0.55+0.6 —2.2+0.6
—152.931 56 -15
—152.93013 -1.7 —2.85
CH, —39.743 90 35.7 35.1 35.8+0.1 35.0-0.1
—39.736 95 362 35.6
—39.742 15 363 35.F
co —113.17749 —29.0 -28.7 —27.20:0.04 —26.4+0.0
—113.17540 —30.° -29.%
-113.17571  —30.4 —29.6

&The theoreticald {H°, and A{H®,qg values are calculated using thgeH°(expt) values of €170.0 kcal/mol,
O(P) (59.0 kcal/mo), and H(51.63 kcal/mo) from Ref. 21, and theoreticdl, values calculated at the G2,
G2(MP2), or GAMP2,SVB level.

PUnless specified, experimental values are from Ref. 21.

G2(MP2,SVB values.

‘Reference 23.

€G2(MP2) values.

G2 values.

9Calculated using isodesmic reactions of Table II.

"This work.

'Reference 22.

IReference 20. Calculated using an isodesmic reaction.

ous finding that G&MP2,SVH performs better than G2 for of C4Hs and GHsCO using isodesmic reactions iv and ix,

hydrocarbons and radical3. respectively, (see Table Il. As shown in the table, the
It has been demonstrated that more accurate heats @af He (A;H°,qg) values of GHs and GHsCO, thus derived,

formation can be calculated by the use of isodesmic reactiongre highly consistent with the maximum deviations of 1.3

rather than atomization energies as in standard G2-typgnq 2.2 kcal/mol for {H o( A {H° 5g5) Of CeHs and GHsCO
procedures*3"38The cancellation of errors in cases involv- respectively. We recommend the average values 87.6

ing similar chemical bonds improves the agreement with ex'il.O(84.5tO.6) kcal/mol forA (H° o(A{H® 5e5) of CgHs and
periment. In G2-type approaches, a semiempirical high leveéS.gt1.3(30.6t0.7)kca|/mo| for A{H°o(A[H%peg) oOF

correction is involved. It was pointed out that the high level . . o

: . ) C¢HsCO. We have conservatively assigned the uncertainties
corrections can be canceled exactly for isodesmic sch&fmes, . . A

. . : o o to be the maximum of the differences between individually

In order to obtain reliable theoretical{H°o(AH°5qg) val- o R .
ues for GHsCO and GHs, we have examined the variation calculatedAH O,(AfH 205) Values and the corresponding
of their calculated (H® o(A[H°,05) Values at the GRMP2) averfges. oAgaln, we note that these recqmmended
and GIMP2,SVP level by the use of selected isodesmic A1H 0(A1H’29g) values for GHs a?d GHsCO are in rea-
reactions shown in Table Il. We find that for reactions in_sone:ble agreement with the (H°[G2(MP2,SVP] and
volving radicals, such as 8:CO and GHs, the “bond ArH°2ed G2AMP2,SVR] predictions. Comparing these val-
separation” isodesmic reactions are not unigsee Table 1l, Ues and the experimental resuffable ) indicates that the
reactions iiii for GHs and reactions v—viii for gH;C0).2®  literatureAH°o(AH;¢4) values for GHs and GHsCO are
These reactions are selected because the energetics of l#fely on the low side. .
species involved are well known, except those fgHEO In Table IIl, we have compared the theoretical
and GHs. The uncertainties foh (H° o(A¢H®,9g) thus deter- G2(MP2,SVH and experimentaDy(D,gg Vvalues for the
mined using individual isodesmic reactions are lower limitsCgHsCO—CH;, CgHs—COCH;, CgHs—CO, and CH-CO
determined only by the uncertainties of the experimentabonds. The experimentalDy(D,gg values for the
A¢H°o(A{H°,g5) Vvalues used in the calculations. We have CgHsCO—-CH;, and GHs—COCH; bonds are 4.45.0) and
also calculated the GRIP2,SVB A;H°o(A{H%,9g) values 2.3 (4.4) kcal/mol lower than the corresponding theoretical

J. Chem. Phys., Vol. 107, No. 18, 8 November 1997
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TABLE II. Values for A;H°, andA ;H°,4g 0f C¢Hs and GHsCO calculated using selected isodesmic reactfons.

G2(MP2) G2(MP2,SVP
A¢H% A¢H®598 A¢H% A¢H®598
Isodesmic reactions (kcal/mo)  (kcal/mo)  (kcal/mo)  (kcal/mol)
CeHs
i. CgHs+6CH;—2C,H,+C,H;+3C,Hg 88.2+0.9 84.8t0.9 88.0-0.9 84.6:0.9
ii. CgHs+6CH,+3C,H,+C,Hg+2C,Hg 87.3-0.3 84.3r0.3 86.4-0.3 83.9-0.3
fii. CgHg+7CH,—3C,H,+3C,Hg+CH, 88.6-0.4 85.1+0.4 87.4-04 84.6:0.4
iv. CgHs—COCH,+CH,— CgHs+CH;—COCH, 87.0+0.5 84.2:0.5
CgHsCO
V. CgHsCO+8CH,—2C,H,+C,H;+4C,Hg+H,CO 34.650.9 31.0:0.9
Vi. CgHgCO+8CH,—3C,H,+CoHg+3C,Hg+H,CO 335-04 30.3-0.4
vii. CgHsCO+8CH,—3C,H,+4C,Hg+HCO 34.2-r0.4 30.6:0.4
viii. CgHsCO+9CH,—3C,H,+4C,Hg+H,CO+CHs 34.8:04 31.0:0.4
Xi. CgHsCO—CH;+CHz—CgHsCO+H;C—CH; 32,6504 29.9-0.4

#AtH°y(expt) andA{H°,q(expt) values used are from Refs. 21 and 35.

predictions, while the experimentBly(D,gg) values for the

K. Thus, after expansion, the parergHgCOCH; molecules

Ce¢Hs—CO and CH-CO bonds are higher than the respectivemay contain~5.7 kcal/mol of thermal energy.

theoretical predictions by 4.8.2) and 1.5(1.7) kcal/mol.

B. Newton diagrams for photodissociation at 193 and
248 nm

Based on the conservation of energy,
E(hv)+E;(CeHsCOCH,)
=D(CgHsCO-CH; or CHs—COCH)
+ Ej[ (CgHsCO+CHz) or CgHs+CHLCOJ+E 1, ,

)
whereE(hv) is the dissociation photon energ¥47.9 kcal/
mol for hy=193.3 nm and 115.3 kcal/mol fbrv =248 nm;
and E;,; is the initial internal energy of §HsCOCH; or its
photofragmentsgCgHsCO+CH; or CsHs+COCH;). Using

the HF/6-31Gd) vibrational frequencies for ElsCOCH;,
the total thermal energy at 298 K forgdsCOCH; is esti-

Using Eg. (50 and the literature Dy values
[Do(C4H5CO—-CH;)=80.7 kcal/mol andD (CsHs—COCH;)
=99.5 kcal/mo] (see Table Ill, we have constructed the
Newton diagrams for the gi;CO+CH; and GH5+COCH;
channels. The Newton diagrams corresponding to 193 and
248 nm photodissociation are shown in Fig&)land 1b),
respectively, wherev,, and v.,, are the laboratory and
center-of-mass velocities for the photofragments, @ng
and 6. ,, are the laboratory and center-of-mass angles, de-
fined by the angles between the detector axis and molecular
beam axis and betwean, ,, and the molecular beam axis,
respectively. They, values are 1.7910° cm/s for 193 nm
excitation and 1.7810° cm/s for 248 nm excitation.
The maximum v, circles are calculated assuming
Eid (CeHsCO+CHy) or (CgHs+CH;CO)]=0. Also shown
in Figs. 1@ and Xb) are y and ¢, which are defined as the
angles between the laser electric fi@ddand v, and be-
tweenE and the detector axis, respectively.

mated to be 5.7 kcal/mol. Considering the mild expansion
conditions used in this experiment, we expect that the vibra—C Photodissociation at 193 nm
tional relaxation is inefficient and the rotational relaxation is ™

incomplete. For an initial nozzle temperature of 130-180 °C  Figures Za) and 2b) show the TOF spectra for GH
(403-453 K, we estimate that the effective beam tempera-observed a¥,,,=15° and 30°, respectively. The TOF spec-
ture for GHsCOCH; is most likely in the range of 250—350 trum for GHsCO at 6,,=15° is depicted in Fig. 3. The

TABLE IIl. Comparison of theoretical and experimental selected bond dissociation energi¢228 ) for
CgHsCOCH;, CgHsCO, and CHCO.2

Theory[G2(MP2,SVB] Experiment
DD D 298 DO D298

Reactions (kcal/mol) (kcal/mo) (kcal/mol) (kcal/mol)

CgHsCOCH;—CgHsCO+CH;g 85.1 86.8 80.7 81.8
85.0-2.2

CgHsCOCH;—CgHs+CH5CO 102.8 103.8 99.5 99.5
CgHsCO—CgHs+CO 23.3 25.5 28.1 28.7
CH;CO—CHz+CO 6.8 8.2 9.3 11.0

#Calculated using the experimental and theoreticaM&ZSVP) A{H°y(A;H®gg values of Table I.
®This work.
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FIG. 2. TOF spectra for CHat (a) 6,,,=15° and(b) 6,,,=30°. Circles
represent experimental data. Contributions are shown foy (@&khed ling
from procesg1), CH;CO (dot-dashed linefrom procesg2), and CH, (dot-
ted ling from procesg8).

i Ven (CeHl5CO) We attempt to use th®(E, ) derived from the CH

Ve (CeH) spectrum to fit the TOF spectrum fogldsCO, and find that
the P(E. ) at E.,>15 kcal/mol[indicated by the dashed
curve in Fig. 4a)] satisfactorily fits the gHsCO TOF spec-
trum. This observation indicates that a fraction of excited
CgHsCO radicals initially formed withg; ,, <15 kcal/mol[or
Eini(CeHsCO+CHs)>52 kcal/mol by procesg1) undergoes
further dissociation in the time scale of the present experi-
ment. If the internal energy distributed inldsCO and CH
is proportional to the internal degrees of freedom, the inter-
nal energy for @HsCO is expected to be-41.6 kcal/mol
at E.np<15kcal/mol. Since the Dy(C¢Hs—CO) is
<29 kcal/mol(see Table lll, excited GHsCO radicals with
internal excitation>29 kcal/mol are expected to dissociate
according to

Ve (CH3CO)

FIG. 1. Kinematics for the formation of E;CO+CHj; by procesg1) and
the formation of GHs+COCH; by procesg2) at (a) hv=193 nm and(b)
248 nm.v is the laboratory velocity for HsCOCH;, gndchm.(CsHSCO_),' CgHsCO—CgH5+CO. (6)
Uem(CeHs), vem(CHLCO), andu ,(CHs) are the maximum c.m. velocities
for CgHsCO, GHs, CH;CO, and CH, respectively. The diagrams show the
relationshipy= 6., + €e— 6, Wwherey is the angle between the laser electric
field (E) andv¢,; 6c.m is the angle betweeng andv. ., ; € is the angle
betweerE and the detector axis; ard, is the angle between the molecular
beam axis and the detector axis. The figures show that the maxifym
values for the detection of E;CO are 27.0° fohry=193 and 19.8° for
hy=248 nm.

direct detection of gHsCO and CH signals confirms the
occurrence of proceg$). TheP(E. ) for procesg1) (solid
curve shown in Fig. 4a) is derived from the fast peaks in
the CH; TOF spectra. Thi®(E.,) peaks near 12 kcal/mol
and has ark.,, onset of 34 kcal/mol. The latter value is
significantly lower than the thermochemidal ,, threshold

of 67 kcal/mol. The average kinetic energy release of 13.8
kcal/mol for processl) is ~20% of the total available en- rig. 3. TOF spectrum for §1:CO at6,,=15°. Circles represent experi-
ergy. mental data.
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200 400 600 800 1000 1200
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FIG. 4. (a) The P(E, ) for procesq1) derived by the TOF spectra for GH
is shown as the solid curve. The part of tR€E. ,,) to the right of the
dashed line fits the TOF spectrum fogHzCO of Fig. 3. TheP(E.,) for FIG. 5. TOF spectrum fofa) CH,CO and(b) CH,CO at fj,,=15°. The
the secondary dissociation procé6sderived by the TOF spectra fors85
and CO is shown by the dotted linga) The solid curve is the approximated
P(E. ) for process(2) derived by the TOF of CECO at 6,,,=15°. The
modified P(E.,) for process(2) (dashed cunjeat E. <11 kcal/mol is
obtained by fitting the TOF spectrum foglds at ,,,=15°. Thus, the com-
plete P(E.,) for process(2) is the combined dashed curve Bf , <11 CH;CO—CH;+CO. (8

kcal/mol and the solid curve & =11 kcal/mol. TheP(E. ) for the . -
secondary dissociation of GBO obtained by fitting the slow peak the gH Process(8) has been observed for acetyl radicals initially

FLIGHT TIME (ps)

sent the experimental data.

spectrum for CHCO is measured at a flight path of 84.5 cm. Circles repre-

TOF spectra of Figs.(@) and 2b) is shown by the dotted curvé) P(E.,,)  formed in the photodissociation of acetone and acetyl

derived by the TOF spectrum of8sCH; of Fig. 8. The TOF spectrum of ~ chloride!” The approximated®(E, ) for process(2) de-
CeHsCHj; does not contain information fd?(E. ) atE.,, <8 kcal/mol due  riyed from the TOFE spectrum peaks

to the kinematic constraint. Ecm~10.5 kcal/mol®® indicating that the most probable in-
ternal energy for CKHCO+CgHs5 is ~ 38 kcal/mol, which is

~79% of the available energy. Assuming that this internal

On the basis of th@(E. ,,)'s derived from the TOF spectra
of CH; and GHsCO, we conclude that=50% of the pri-
mary GHsCO radicaldg corresponding to the shaded area in
Fig. 4@] undergoes further dissociation according to pro-
cess(6).

The TOF spectrum for C¥CO measured ab),,=15°
and a flight path of 84.5 cm is shown in Figiah We have
also observed the TOF spectrum for £&HD as shown in Fig.
5(b). Figures 6a) and Gb) depict the TOF spectra forf5
at 6,,,=15° and 30°, respectively. The observation of the
CH3CO and GHs spectra indicates the occurrence of process
(2). The TOF spectrum for C{£O is used to derive the
approximatedP(E. ,,) for process(2), shown as the solid
curve in Fig. 4b). The P(E.,,) thus obtained fits the TOF
spectrum for CHCO, indicating that the CKCO" signal
arises from the dissociative electron ionization of L.

We expect that CEl fragment ions formed in the disso-
ciative electron ionization of CH#CO [procesg7)] contribute
to the TOF spectra for CH(Fig. 2):

CHyCO+e™—CH,* +CO+2e . (7) Tl
0 200 400 600 800 1000

However, theP(E.,,) derived from the TOF spectrum of FLIGHT TIME (ps)
CH5CO cannot account for the slow, broad peaks shown in

. . _ . FIG. 6. TOF spectra for g5 at (8) 6,,,=15° and(b) 6,,,=30°. Circles
Figs. 4a) and 2b). Since DO(CH3 CO) is <11 kcal/mol represent experimental data. Contributions are shown §bis @ot-dashed

(seg Table 11}, the_ further dis;ociation of some internally jine) from process(2), CH-CO (dashed ling from process(1), and GHs
excited CHCO radicals according to proce@@® is expected: (dotted ling from procesg6).

Number Density (arb. units)
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freedom of the photofragments, the most probable internal
energy for CHCO is estimated to be 19 kcal/mol, which is
above theDy(CH;—CO) value of 9.3 kcal/mo(see Table
[II). Since the portion of excited GBO radicals originally
formed by procesq2) with internal energy greater than
Do(CH;—CO) is expected to dissociate according to process
(8), the trueP(E. ) at lowerE, , for procesq?2) should be
higher than that indicated by the approximat(E. ,,) de-
rived by the TOF spectrum of G&O. However, the high
E.m portion of the approximated(E.,,) based on the
CH5CO spectrum represents the tre@€E. ) for process
(2). The E.,, onset of~ 35 kcal/mol observed is more than
10 kcal/mol lower than the thermochemida| ,, threshold
48.5 kcal/mol for procesg).

Using the secondari(E.,) shown as the dotted curve
in Fig. 4(b) for the dissociation proceg8), we find that the
slow, broad peaks observed in the TOF spectra of @H e
0= 15° and 30° are satisfactorily accounted for by process 0 150 300 450 600 750
(8) [see dotted curves in Figs(é and 2b)]. We note that FLIGHT TIME (ps)
the secondarP(E.c,m) .fo.r procesg8) thu§ obta}ined peaks at g 7 ToF spectra for CO a#) f,=15° and(b) f,,=30°. Circles
6 kcal/mol, and is similar to that derived in the 193 nm represent experimental data. Contributions are shown §sl@O (dashed
photodissociation study of acetoh&his latter observation line) from process(1), CH;CO (dash-dotted lingfrom process(2), CO
can be taken as support for the present attribution of the sloy§!id liné) from process3), CO (dot-dot-dashed linefrom process6), and

. . . . CO (dotted from procesg8).

peaks of Figs. @) and Zb). Based on this attribution, the
contribution due to the dissociative electron ionization pro-

cess(7) is small [see dot-dashed curve in Figs(aR and
2(b)]. The simulation of the Chispectra reveals that the CUrVe atE. ,,=10.5 kcal/mol. The shaded area between the

cross sections for proceéd) to (2) athy=193 nm are com- solid and dashed curve represents the portion of excited

parable. CH;CO (=~40%) undergoing further dissociation. We note
As a result of the kinematic constraintgllsCO cannot that the Po_”io"‘ of theP(E. ) at EC-m;<10‘5 kcal/moll de-

be observed beyond 27%ee Fig. 1a)]. Thus, GH; ions rived by fitting the GH5 spectrum of Fig. @) has consider-

formed in the dissociative electron ionization procts able uncertainties. Nevertheless, the fitting of théi{spec-
trum at 15° is consistent with the conclusion obtained in the

CgHsCO+e™ —CgHs"+CO+2e™, (99 simulation of the TOF spectra for GHthe cross sections for

. . processesl) and(2) are comparable.
should not contribute to the TOF spectrum fogHg at 30 . i
shown in Fig. §b). We find that this latter spectrum can be Figures 73) and 7b) show the TOF spectra for CO ob

accounted for by the(E, ) derived from the CHCO spec- served atf,=15 an_d 30_. _In addition to contributions
. from the secondary dissociation proces¢@sand (8), the
trum [Fig. 4(b)] at E; ,=16.5 kcal/mol. However, the TOF . A .
spectrum for GH af-”i'so shown in Fig. @) ma;} contain TOF spectra for CO also contain contributions from the pri-
5 I . )

contributions from the primary proces8), the secondary mary processeél) and (2) due to the dissociative electron

dissociation proces®), and the dissociative electron ioniza- lonization processe€l0) and (11), respectively:

tion procesq9). The fitting due to process€®) and(9) are CgHsCO+e™ —CgHs+CO" +2e7, (10
fixed by theP(E. ,)’s of the primary processdd) and(2). _ _
The fact that the spectrum of Fig(es cannot be fitted by CH,CO+e” —~CHy+CO" +2e". (1D
processeg2) and (9) indicates the occurrence of secondary Contributions from processes (£)10) (dashed ling and
procesg6). As pointed out above, the approximatete; ) processes (2} (11) (dot-dashed lingare found to be small.

of process(2) derived from the TOF spectrum for GAO  This can be understood by the low efficiencies for C@o-
represents only the stable part of §30 formed by process duction in processe€l0) and(11) as a result of the signifi-
(2). The complete®(E, ) for procesg?2) should include the cantly higher IECO) value than those for gl5 and CH,.?*
secondary dissociation part according to prod@sThere- The gross features of the CO TOF spectra of Figa) @nd
fore, we have adjusted the approximate(E. ) at lower 7(b) can be fitted by adjusting the portions of proc€6s
E.m. values to fit the TOF spectrum forgBs5 at 15°. The (long dashed lineand proces$8) (dotted line.

best fit is achieved by taking into account contributions from  Figure 8 the TOF spectrum for toluene §€zCHs) at
process(2) (dot-dashed curye process(6) (dotted curve 15° obtained by more than one million laser shots. The direct
and proces$9) (dashed curve The secondar?(E.,) used detection of (GHsCH3) can be taken as evidence that pro-
for process(6) (dotted curvg is shown in Fig. 4. The com- cess(3) also occurs. Since the breakage of the;€80 and
plete P(E.,) for process(2) [Fig. 4(b)] is thus the com- CgzgH;—CO bonds is compensated by the formation of the
bined dashed curve &, ,,<10.5 kcal/mol and the solid CgHs—CH; bond (see Table | for theAH°, value of

Number Density ( arb. units)
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Number Density (arb. units)

Number Density (arb. units)

FLIGHT TIME (us)

FIG. 8. TOF spectrum for §;CH; at 6,,,=15°. Circles represent experi-
mental data. This spectrum was obtained from more than one million laser
shots.

Ce¢HsCHs) and an additionadr-bond in CO, the endothermic- 0 200 400 600 800

ity at 0 K for procesg3) is only 6.2 kcal/mol. However, the FLIGHTTIME (ys)

activation energy for this dissociation process, which necesrIG. 9. (a) TOF spectra for Chlat 6,,,=15° ande=0°, 40°, 90°, and 130°.
sarily involves a tight transition complex, is likely to be high. (b) TOF spectra for gHs at 65,=15° ande=0°, 20°, 50°, 70°, 100°, and
The P(E,,,) for procesg3) derived from the TOF spectrum 150"

for CH3CgHs5 is shown in Fig. 4c). This P(E.,) decreases

rapidly askE., is increased fronk, ,,=8 kcal/mol toward

higherE. ,, exhibiting the feature expected of a statistical 248 nm photon corresponds to an energy of 115.2 kcal/mol,
dissociation process. Due to the kinematic constraint, th@nd the dissociation of lsCOCH; into CgHs+CO+CHg
TOF spectrum for gH:CH; at 15° contains no information requires 110 kcal/mol, finite dissociation of excited primary
for the P(E, ) atE. <8 kcal/mol. TheE,,, onset for the CgHsCO and CHCO radicals according to proces¢ésand
P(E. ) of process3) is >90 kcal/mol. Comparing the ob- (8) are still possible. Thus, we have searched for the TOF
served GHsCH;, CgHs, and CH signals, we estimate the Signals of GHsCO, GHsCHz, CgHs, CH;CO, CH, and CO
cross section for proce$3) is <0.1% of those for processes as in the 193 nm photodissociation experiment described
(1) and (2) at hy=193 nm. The contribution of proce$3) above.

to the TOF spectra for CO at 15° and 30° is negligibly small ~ However, the measurements of the TOF spectra for
[see the small solid curves in Figsa¥and 7b)]. The sta- CgHsCO, CHCO, and CHCO were unsuccessful despite a
tistical appearance of the(E. ) for process(3) is consis- long and careful search for ¢8;CO", CH;CO", and
tent with the long time scale involved in the Gkearrange- CH,CO" signals atf,,=15°, 20°, 25°, and 30°. The ab-

ment for the formation of @HsCH; from CgHsCOCH. sorption cross section of 8sCOCH; at 248 nm is more
The angular distribution of the photodissociation frag-than 10% of that at 193 nif:'® Thus, the intensities for
ments has the forrff*! CgHsCO and CHCO at 248 nm are much lower than those at
193 nm. The dissociative ionization proceséBsand(9) are
P(7)=(1/4m)[1+ BP(cos y)], (12 expected to reduce the GBO" and GHsCO" signals.

whereP,(cosvy) is the second Legendre polynomial geds  Hoping to minimize the effect of processéd and (9), we
the anisotropy parameter. We have measured the TOF speltave also searched for the GED" and GHsCO™ signals at
tra for CGHQ,r at polarization angleg=0°, 20°, 50°, 70°, ionizing electron energies lower than 75 eV. However, under
100° and 150° and TOF spectra for Clte=0°, 40°, 90°,  such conditions, the signals for GEO* and GHsCO" are
130°(Fig. 9). Within experimental error limits, no difference too weak to measure the TOF spectra ofHECO and
in the spectra is observed. Therefore, we conclude that theH;CO.
photofragment angular distributions for procesdgsand(2) The TOF spectra for CHat 6,,,=15°, 20°, and 30° are
at hv=193 nm are isotropic, i.e8=0. This observation is depicted in Figs. 1@), 10(b), and 1Qc), respectively. Fig-
consistent with the conclusion that the 193 nm photodissoures 11a), 11(b), 11(c), and 11d) show the respective TOF
ciation of acetophenone involves a predissociation mechespectra for GHs at 6,,,=10°, 15°, 20°, and 25°. The TOF
nism with a dissociation lifetime longer than the rotationalspectra for CO and 1sCO are shown in Figs. 18 and
period of photoexcited §H;COCH,. 12(b), respectively. We note that the TOF spectra fgkgat
0|ab: 25°, QH5CH3 at 0|ab: 20°, CO at 0|ab: 20° result
from the accumulation of more than one million laser shots.
Because of the kinematic constrainHsCO produced
Upon the absorption of a 248 nm photorgHgCOCH; by process(1) cannot be observed at,,>20° [see Fig.
may dissociate according to procesggsand (2). Since a  1(b)]. Thus, the translational energy distribution for process

D. Excitation at 248 nm

J. Chem. Phys., Vol. 107, No. 18, 8 November 1997
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FIG. 10. TOF spectra for CHat (a) 6,p=15°, (b) 6,5p=20°, and(c) 6 FIG. 12. (a) TOF spectra for CO a#,,,=20°. Circles represent experimen-

=30°. Circles represent experimental data. Contributions are shown fotal data. Contributions are shown from gED (dot-dashed lineformed in

CH, (dashed curvefrom procesg1) and CHCO (dot-dashed curyefrom process(2) and CO(dashed ling from procesq3). (b) TOF spectrum for

process2). CeHsCH5 at 6,,=20°. Circles represent experimental data. Both spectra
were obtained from more than one million laser shots.

(2) at 248 nm can be derived from the TOF spectrum for

CeHs at fj,=25°. However, in this spectrum a very fast pue to the overlap with the 82 signal from GHsCHj, the
onset appears as a shoulder, which cannot be due to procgss, . onset for theP(E, ) of process(2) cannot be deter-

(2) based on the knowB o(CsHs—COCH;). We have attrib-
uted this to GH. formed in the dissociative electron ioniza-
tion of CHsCH;. The P(E.,) for process(2) at hv
=248 nm derived from the TOF spectrum fogH at 25° is
shown in Fig. 18), which increases monotonically & ,,

is decreased from the onset&t,,~19 toE. ,,=6 kcal/mol.

Number Density (arb. units)

400 600 800 1000 O 200 400 600 800 1000
FLIGHT TIME (us)

FIG. 11. TOF spectra for {5 at (&) 6,4,=10°, (b) 6,,=15°, and(c)
0ap=20°, and(d) 6,,,=25°. The TOF spectrum for &5 at 6,,,=25° was

mined. The onset for th@(E. ) of Fig. 13b) is fixed by
the knownD ¢(CgHs—COCH;) of 99.5 kcal/mol and the es-
timated thermal energy of=~4.8kcal/mol for parent
Ce¢HsCOCH;. The spectrum for gHs at 25° provides infor-
mation only about theP(E.,) at E.,=6 kcal/mol. As
shown in the analysis below, thegd: signal observed at
012,=15° results overwhelmingly from the dissociative elec-
tron ionization of GHsCO, i.e., processdd)+(9). Thus, the

1.0
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obtained from more than one million laser shots. Circles represent experi-

mental data. Contributions are shown fgyHzCO (dashed curvefrom pro-
cess(1), CgHs (dot-dash curvefrom process(2), and GHsCH; (dotted
curve procesy3).

FIG. 13.(a) P(E.,,) for procesg1) derived by fitting TOF spectra for GH
(b) P(E. ) for procesd2) derived by fitting the TOF spectra forgBs. (c)
P(E. ) for procesq3) derived by fitting the TOF spectra forg8sCHs.
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TOF spectrum for gHs at smaller6,,,s does not provide
reliable information about thé>(E. ) for process(2) at
E. m<6 kcal/mol.

On the basis of the’(E.,,) for process(2) shown in
Fig. 13b), we conclude that the CHsignal originating from
the dissociative electron ionization of GEO [process(7)]
contributes only a small component to the tail of theCH
spectra of Figs. 1@)—10(c). Thus, theP(E.,,) for process
(1) can be reliably determined from the TOF spectra o,CH :
The P(E. ) of procesq1) thus determined is shown in Fig. ! bl
13(a), and peaks near 12 kcal/mol. The aver&ge, energy 300400 500 600 700 800
release is 14.6 kcal/mol, which corresponds to 42% of the FLIGHT TIME (us)
available energy of~35 kcal/mol. TheE., onset for the  rig. 14, TOF spectra for s at f.,= 12° ande=10°, 30°, 50°, 70°, 90°,
P(E; ) of procesq1) is 36.0+ 1.5 kcal/mol. Since this ex- 110°, 130°, 150°, and 170°.
periment uses a nozzle temperature of 130403 K), the
onset observed here is affected by the hot band effect. With-
out consideration of the hot band effect, we determine af dimers and clusters are mainly confined to snég}j val-
lower bound of 79.3 kcal/mol fab o(CgHsCO—-CH). Using  ues because of kinematic constraints. In order to avoid the
the HF/6-31G&d) vibrational frequencies, the thermal energy influence of dimers and clusters on the TOF measurement at
for CgHsCOCH; at 403 K is estimated to be 9.5 kcal/mol. 10°, we have decreased the stagnation pressure of
Thus, the trueDy(C¢HsCO—-CH;) value should fall in the CgHsCOCH; to 260 Torr to reduce the effect of supersonic
range of 79.3—88.8 kcal/mol. As mentioned above, we estieooling. Under such molecular beam expansion conditions,
mate that the effective temperature fofHgCOCH,; after the  no signals from electron ionization of dimers and clusters of
mild beam expansion is in the range of 250-350 K, corre-CgHsCOCH; are observed at,,=10°. As shown in Fig.
sponding to a thermal energy range of 4.2-7.4 kcal/molll(a), the simulation indicates that the TOF spectrum for
Taking into account the thermal energy fofHgGCOCH;, we ~ CgHs at 6,,,=10° is predominantly accounted for by process
arrive  at a value of 8582.2kcal/mol for (1). On the basis of the simulation of the gbind GHs TOF
Dy(C¢HsCO-CH;). The uncertainties of*2.2 kcal/mol  spectra, we estimate that the branching ratio of pro(4®
given for D y(CgHsCO—CH) include the uncertainties of the procesg1) is ~0.01.

E.n onset and the possible spread in the thermal energy of The P(E.,,) for process(3) at h»=248 nm derived
the parent GHsCOCH;. The Dy(CgHsCO—-CH;) value ob-  from the TOF spectrum for §61sCH; [Fig. 12b)] is depicted
tained here is between the literature value of 80.7 and thian Fig. 13c). This P(E. ) is different from that obtained at
theoretical value of 85.1 kcal/mdilsee Table Il. Using hy=193nm [Fig. 4(c)]. The observedE.,, onset of
Dy(CeHsCO-CH;)=85.0+2.2 determined here, together ~106 kcal/mol for theP(E. ,) of Fig. 13c) is close to the
with the known A{H°y(CgHsCOCH;)=—15.9+0.4 and thermochemical threshold of 109 kcal/mol for procé3sat
AfH°,(CH3;)=35.8t0 (see Table ), we obtain hv=248nm. TheP(E.,,) is nearly symmetrical about the
A;H°o(CeHsCO)=33.3=2.2 kcal/mol, which is in excellent maximum atE. ,~50 kcal/mol, indicating that the available
agreement with the value of 33:®.4 kcal/mol calculated energy of 109 kcal/mol for proce8) is about equally par-
based on the selected set of isodesmic reactises Table |  titioned into internal and translational energies of the photo-
and reactions v—xi in Table)ll fragments. ThisP(E.,,) of Fig. 13c) has been used satis-

TheP(E.,)’s for procesq1) and(2) of Figs. 13a) and factorily to fit the fast shoulder observed in the TOF spectra
13(b) have been used successfully to fit the TOF spectra fofor CgHs at 6,,,=20° and 25°Figs. 11c) and 11d)]. The
CeHs at 6,,,=10°, 15°, and 209Figs. 1Xa), 11(b), and simulation of the @Hs TOF spectra indicates that the
11(c)]. The TOF spectrum for g5 at 6,,,=20° is mostly  branching ratio for proced®) to procesg3) is ~0.08, with-
due to procesg£2), with minor contribution from process), out considering the difference in the efficiency for the for-
whereas the TOF spectra foglds at 6,,,=10° and 15° are mation of GH. by electron ionization of gHs and that by
largely due to procesd), with minor contribution from pro- the dissociative electron ionization ogld;CHs.
cess(2). We note that the contribution of proce& to the Due to the high N background in the ionizer of the
TOF spectrum for gHs at 6= 15° has a bimodal structure, QMS, the signal-to-noise ratio is poor for the CO TOF spec-
which results from the forward and backward scattered comtrum observed at=20° [Fig. 14@)], even after accumulat-
ponents of the gHs fragments. ing more than one million laser shots. According to dissocia-

The simulation of the TOF spectra for GHat 6, tive electron ionization processés0) and (11), CO* from
=15°, 20° and 25fFigs. 1@a), 10(b), and 1Qc)] shows that the primary photofragments (8sCO and CHCO should
the branching ratio of proce48) to procesq1) is small at also contribute to the CO TOF spectrum. However, as
248 nm. This ratio can also be estimated from the simulatiopointed out above, the COsignals from processg40) and
of the TOF spectrum for g5 at 6,,,=10° [Fig. 11(a@)]. As  (11) are expected to be small because of the high ionization
we have shown in a previous photodissociation study ofnergy of CO. The simulation of the CO TOF spectrum at
CS,,%° the photofragments resulting from photodissociationd=20° shows that the major contribution is by processes
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