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Photodissociation of a series 0§-€Cqy alkanes following 157 nm excitation has been investigated using the
photofragment translational spectroscopy (PTS) technique. Three series of alkanes, normal alkanes, branched
alkanes, and cyclic alkanes, were studied and the atomic hydrogen (H) and molecular hydspgkmiftation

from their photodissociation were experimentally investigated. Experimental results show that the dynamics
of the H and H elimination processes from largetalkanes is quite similar to that of propane. Dissociation

of the branched alkanes is, however, significantly different from that of the normal alkan€sb@nd fission

is more significant in the branched alkanes. There are also notable differences among the branched alkanes
for the H and H elimination processes. Photodissociation dynamics of small cyclic alkanes are significantly
different from that of the acyclic alkanes. This is likely due to their significantly different electronic structures
caused by the large ring strain in small cyclic alkanes. The H anelirhination channels for larger cyclic
alkanes are quite similar to the normal alkanes. Relative branching ratios of the H afichidation channels

for all the alkane molecules are determined and compared.

I. Introduction 1200 -

(a) H from n-propane

Small alkanes, such as methane, ethane, and propane, are the
main constituents in the natural gas that is widely used in heating
and cooking. The combustion processes in mechanical engines
and burning flames all involve dissociation of the alkane
molecules at high temperature. Even though dissociation of the
alkane molecules is pervasive in combustion and pyrolysis
processes, the fundamental dissociation dynamics of these
dissociation processes are not well understood at the molecular
level. The dissociation dynamics of alkanes have rarely been
experimentally studied using modern experimental techniques.
This is partly due to the lack of a strong photolysis laser source
in the vacuum ultraviolet (VUV) region, in which most alkanes
start to absorb, or suitable infrared (IR) multiphoton sources.
IR multiphoton dissociation of alkanes can most closely mimic
the pyrolysis process because IR multiphoton pumping is very
similar to the normal heating process. Photodissociation studies
in the VUV region can also provide useful information on the
dissociation dynamics of these important molecules.

Dynamics of the atomic hydrogen elimination processes from
the photodissociation of C+at Lymane (121.6 nm) have been
extensively investigated in detail with its isotopomers in recent R S S
few yearst™® Two distinctive binary dissociation processes of Time of Flight (ps)

H-atom elimination a}nd one triple-dissociation cha}nnel .have Figure 1. TOF spectra of the photodissociation products (H ayl H
been observed by Liu and co-workeSeveral possible dis-  from n-propane at 157 nm. (a) H products frampropane; curve 1 is
sociation channels of the photodissociation of,Gtdve been  the contribution of H atoms from the internal carbon site, while curve
theoretically predicted by Mebel et &The fast binary dis- 2 represents H-atom products from the terminal carbon site. ¢b) H
sociation channel (Ckt H) involves a parallel-type excitation ~ Products fromn-propane; curve 1 represents contribution of 1,1-H

followed by internal conversion to the ground-state surface on tvee-center elimination from terminal Ghgroups, curve 2 is the
contribution of 1,2-H four-center elimination, and curve 3, is due to
the 2,2-H three-center elimination from the middle €broup. For a
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Figure 2. TOF spectra at mass 1 from some normal alkanes at 157 nm. The open circles are the experimental data points, while the solid curves
are the fits to the spectra using the translational energy distributions of H elimination as shown in Figure 4. For all spectra, curve 1 is thercontribut
from the H-atom products, curve 2 is the contribution from the cracking of @#ducts, and curve 3 is the overall fit.

surface and then dissociation. The theoretical investigations haveThey observed that there are two molecular hydrogen elimina-
also supported the experimental results. The site specificity of tion channels: the direct two-body dissociation processs(CH
the atomic elimination process from the photodissociation of — CH, + H,) and the triple-dissociation process (&£H CH
propane at 157-nm excitation has been investigated using the+ H, + H). Very recently, we have also studied the photodis-
Doppler spectroscopic technique by Tonokura et @heir sociation of propane and other hydrocarbon molecules at 157
experimental results showed that the atomic hydrogen productsnm, where site-specific phenomena for both atomic and mo-
mostly come from the terminal carbons of propane.;CHs lecular hydrogen elimination processes have been clearly
and CHCH,CHjs at Lymane. excitation (121.6 nm) have been  observed?5:16

recently studied using the velocity map imaging technitjio The absorption spectra of the alkanes from propane to
types of H elimination are identified, one formed along with n-octane in the VUV region are continuous with no clear
an alkyl radical in a Rydberg state and other by its subsequentvibrational structuré’=22 There is a weak absorption shoulder
decomposition. It has also been established that molecularbetween 163.0 and 157.5 nm in all the spectra from ethane to
detachment processes play a major role in the photolysis of n-octane. However, no clear consensus has been reached yet

ethane (CHCHjy),? propane (CHCH,CHjz),1911 and n-butane

(CH3CH,CH,CH3)~12 under VUV light excitation, though it

is a minor process in the photodissociation of methane)(&H
Chandler and co-workers have also measured the,5

deposits 10.811.8 eV of energy in the methane molectle.

on the assignment of these transitions. Raymonda and Simpson
assigned them to an intramolecular charge-transfer excitation
between adjacent-©C bonds? while Robin assigned them to

a Rydberg excitation to 3, and Sandorfy and co-workers
photofragment images following the two-photon absorption that suggested the excitation is localized mainly in one ethyl gfdup.
Theoretical calculatior#82® show that the vertical transition
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Figure 3. TOF spectra at mass 2 from some normal alkanes at 157 nm. The open circles are the experimental data points, while the solid curves
are the fits to the spectra using the translational energy distributions efiHination as shown in Figure 5.

energy to the 3s Rydberg orbital is about 1 eV higher than the troscopic method. The experiments in this work were conducted
starting absorption energy of the first absorption shoulder. This, using a crossed beam apparatus, which consists of two source
however, is not necessarily contradictory to the assignment of chambers, a main chamber and a rotatable universal detéctor.
the lowest absorption of propane to the 3s Rydberg absorptionin a typical experiment, a molecular beam of alkane was crossed
because the vertical transition energy could be much higher thanwith a 157-nm laser beam perpendicularly, and photodissociation
the adiabatic transition energy as a result of large geometric products were then detected by the universal time-of-flight

changes between the initial and final electronic stateare (TOF) detector. The most crucial component for the apparatus
extensive theoretical investigations are required to assign theseused in this study is the extremely clean detector. Ultrahigh
transitions clearly. vacuum (1x 107*2 Torr) is maintained in the electron-impact

The present work provides a systematic study on the jonization region during the period of an experiment to make
photodissociation of alkanes for the atomic hydrogen and the detection of the molecular and atomic hydrogen products
molecular hydrogen elimination processes using the photofrag-mych easier than other similar apparatus.
ment tran§lat|_onal spectroscopic technlqug. By measurement the In the normal alkane series, primary photodissociation at 157-
product kinetic energy distributions, detailed dynamical infor- nm excitation is not possible for methane (gHind ethane
manon are obtained for the photodissociation processes Of(CHgCH3) because there is no absorption at this wavelength
different alkane molecules. :

for CH, and only very weak absorption for GEHs, most
Il. Experimental Section probably because of hot band transitions. However, the photo-

The photodissociation dynamics of small alkanes at 157 nm chemistry of propane or larger alkanes (umtoonane) at 157

were investigated using the photofragment translational spec-nm could be investigated because these molecules have both
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Figure 4. Translational energy distributions for atomic hydrogen (H)
elimination from photodissociation of some normal alkanes at 157 nm.
The relative heights of the distributions are arbitrary.
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Figure 5. Translational energy distributions for molecular hydrogen
(H2) elimination from the photodissociation of some normal alkanes at
157 nm. The relative heights of the distributions are arbitrary.

significant absorption cross sections as well as substantial vapo

Wu et al.

TABLE 1: Relative Yields of Atomic Hydrogen (H) and
Molecular Hydrogen (H5) Elimination Channels from the
Photodissociation of Some normal Alkanes

molecule n-alkanes— products-rH  n-alkanes— products-H,
propane 1 2.1
n-butane 1 5.1
n-pentane 1 4.5
n-hexane 1 4.8
n-heptane 1 5.7
n-octane 1 5.6
n-nonane 1 7.3

fly very fast so that the residence time of these photoproducts
in the ionizer is quite short; therefore, the ionization efficiency
for these products is small, typically1075. To compensate
for this, the laser beam crossed the alkane molecular beam
perpendicularly very close to the nozzle tip, at a distance of
~5 mm away. The photodissociation products passed through
a hole of 4-mm diameter on the cold plate near the source
chamber wall and then entered the detector through a square
hole on the front wall of the detector. The flight distantg ¢f
the neutral products was 285 mm and the detection axis was
orthogonal to both the laser beam and the molecular beam. The
neutral products were ionized by a Brink-type ionizégnd
the length of the ionization regiolA() was~13 mm. The ions
were focused by some ion optics, then mass-selected by a
guadrupole mass filter (Extrel), and finally counted by a Daly-
type ion detectof’ In this study, the data were accumulated
over (2x 10%—(4 x 1) laser shots, depending on the S/N
ratios. All experimental conditions such as molecular number
density and laser intensity in the interaction region were well
controlled to make meaningful comparisons. Multiphoton effects
and molecular clustering effects were carefully checked.
Product TOF spectra from photodissociation of the alkane
molecules were measured in the laboratory frame. To obtain
the center-of-mass (CM) product translational energy distribu-
tionsP(Er), conversions from the laboratory frame to the center-
of-mass frame are required. Such conversions in this work were
carried out using a forward convolution method with a recently

X rdeveloped software package, CMLAB3which was modified
pressures at room temperature. In the branched alkane Serie$om the previous version, CMLABZ In this program, a trial

the butane isomer (isobutane), pentane isomers (2-methylbu- S
tane), and hexane isomers (2-methylpentane, 3-methylpentane|,3(ET)’ and a CM product angular distributiofi parameter) are

: . : used to calculate the TOF spectrum for the mage)(of the
2,2-d|me_thy|butane, ar_1d 2,3-d|methylbutan_e) were StUd'ed'. In photofragment at the angl®(y,) between the molecular beam
the cyclic alkane series, the photochemistry of the series

| : looct ? tigated and the detector using the known apparatus parameters and the
cgc cip[)oliane (€He) 2 cyclooc qnﬁ (ng‘?? vt\)/?s tlrr:vesflga ‘?t *  measured beam velocity distributiamdan). The calculated TOF
(Cyclo utane was not commercially avariabie, theretore, it was spectrum was then compared with the experimental TOF
not studied experimentally.) All the alkane samples were

btained iall d d without furth ificati spectrum and thd>(Er) was adjusted point by point on a
obtained commercially and used without further purimcation. computer screen until a satisfactory fit was achieved for the
The light source used in this study was an unpolarized 157-

. TOF spectrum. All translational energy distributions were
Inm Iasetrh beﬁlrg\?:r:e[)ateld by a L.?m_?_ﬂa Phystl_lt<_ LPXtHO d obtained assuming that the photodissociation products were from
laser with a ube faser cavity. {he repetition rate used ., binary dissociation processes. The relative branching ratios
in the experiment was 50 Hz and the laser pulse duration was

about 15 ns. A differentially pumped laser beam path was used of the dissociation channels were also calculated by integrating
' ‘the signals in the center-of-mass frame. In this work, the 157-
and the vacuum of the laser beam path wdsx 10~ Torr or 9

. . nm photolysis laser source is unpolarized; therefore, the
bette_r. Abou_t 1 mJ/_puIse laser light was loosely focused into anisotropic effect on the branching ratios should be very small.
the interaction region, an.d.the laser bgam was normally In the data analysis in this work, this small effect is neglected.
attenuated by a mesh to minimize the multiphoton effect. The
laser spot size is-4 x 4 mm in the interaction region. A 50-
Hz-pulsed alkane molecular beam was produced by expanding
the neat alkane samples from a solenoid valve (General Valve) TOF spectra of the products from the photodissociation of
through a 0.5-mm-diameter orifice. The backing pressure of the the alkane molecules at 157 nm were measured. Signals of the
alkane samples during the experiment was typically 50 Torr, photodissociation of alkanes e = 1, 2, 12, 13, 14, 15, and
or lower if the vapor pressure at room temperature wa¢ 16. After detailed analyses of the experimental data, H and H
Torr. elimination channels were identified for the photodissociation

Normally, the lighter photodissociation products (H angd H  of all alkanes. All the translational energy distributions were

Ill. Results and Discussions
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Figure 6. TOF spectra at mass 1 from some branched alkanes at 157 nm. The open circles are the experimental data points, while the solid curves
are the fits to the spectra using the translational energy distributions of H elimination as shown in Figure 8. For all the spectra, curvel is the
contribution from the neutral H-atom product and curve 2 is the contribution from the cracking pp@Hucts (CH elimination). The other
slower curves are the contribution from the cracking @H& C3H; (other C-C bond cleavage processes), etc., by assuming the translational
energy distributions the same as those og@linination, and curve 3 is the overall fit. (eputane, (b)-pentane, (c)-hexane, (d) 3-methylpentane,
(e) nechexane, and (f) diisopropyl.

obtained assuming that that the dissociation products were fromterminal CH, group, which were attributed to secondary H-atom
the binary dissociation processes. In this section, the experi-elimination following the primary Helimination from the CH
mental data and the detailed analyses for the photodissociationgroup. In addition, there is also some contribution of primary

of the alkane molecules are described. H-atom elimination from the middle GHgroup. For the K
a. Photodissociation of Some Normal AlkanesPhotodis- elimination, most H products are from the middle GHjroup
sociation ofn-butane p-pentanen-hexanen-heptanen-octane, (2,2-H; elimination), while there are some contributions from

and n-nonane were investigated in this study. To understand the 1,1-B elimination and the 1,2-felimination. TOF spectra
the dissociation dynamics of the normal alkanes, the results areof the photoproducts from the higheralkanes atm/e = 1 (H)
compared with those afi-propane, studied previously in our and 2 (H) have been measured, and all TOF spectra obtained

laboratory?>16 Site specificity of the H and {elimination here were accumulated over-4R00-k laser shots depending
processes from propane has been observed. The study of then the signal levels.
site specificity of the H and K elimination involves the TOF spectra atme = 1 from photodissociation of the

photodissociation of the deuterium-labeled propane compoundsn-alkanes are shown in Figure 2. Because dissociative ionization
(CHsCD,CH; and CICH.CDs3). Figure 1 shows the TOF  of a hydrogen molecule by electron bombardment at an electron
spectra of the H and Hproducts fromn-propane at 157 nm.  energy of~60 eV is negligible®® the H, contribution to the

For H-atom elimination, most H-atom products are from the TOF spectrum atn/e = 1 can be neglected. The slower part
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are the fits to the spectra using the translational energy distributions efrhination as shown in Figure 9. (eputane, (b)-pentane, (c)-hexane,

(d) 3-methylpentane, (g)echexane, and (f) diisopropyl.

(curve 2) of the TOF spectrum ate = 1 comes from the
dissociative ionization of the GHCHjs elimination) products
from the C-C bond fission process, indicating that-C bond

rupture is quite significant in the-alkane photodissociation.

contribution becomes much less significant in the photodisso-
ciation of higher n-alkanes relative to the higher energy

contribution. For the higher alkanes, the kinetic energy distribu-
tions for the H-atom elimination process are almost identical

The fast peaks clearly come from the neutral H-atom products. to rather high kinetic energy release. These results imply that
These fast peaks were fitted as a binary H-atom elimination the dominant H-atom elimination process for a larger alkane
process using the translational energy distributions as shownmolecule should be the H-atom elimination from thejrbups

in Figure 4. Similar to the propane H-atom elimination, the
kinetic distributions for H-atom elimination can be divided into
two contributions: lower and higher energy contributions. From
our recent study on the propane photodissociatidfi,it is
known that the lower energy contribution should come from
secondary H-atom elimination from the two terminal {2jfoups
following the H elimination from the middle Ckigroup while
the higher energy contribution should be primary H-atom
elimination from the middle CKHgroup. Assuming that the

rather than from the terminal GHgroups. This is quite
reasonable because highefalkanes have more internal H
atoms. It is difficult, though, to determine the relative yields of
various H-atom elimination processes from different sites in
these alkanes quantitatively.

TOF spectra of photodissociation products at mass 2 from
the n-alkanes are shown in Figure 3. These TOF spectra were
simulated using the translational energy distributions for the
binary molecular hydrogen elimination processes as shown in

dynamics do not change significantly for these processes in Figure 5. From our previous investigation of the ¢limination

highern-alkanes, it is interesting to note that the lower energy

from propané?16it was clear that the faster peak-a60 kcal/
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branched alkanes — products + H TABLE 2: Relative Yields of Atomic Hydrogen (H) and

07 N Molecular Hydrogen (H») Elimination Channels from the
084 °\ (8) o ibutane Photodissociation of Some Branched Alkanes
08 L O e branched alkaness  branched alkanes:
= o074 | . (d) —v— 3-methylpentane molecule productstH productstH,
5 F °§D\° (6) —o— neo-hexane -
o 084/, R (f) —+— diisopropyl !-butatne 1 (139
8B o5/ e i-pentane .
= % N\\g}é i-hexane 1 2.0
a_'-'—,r 04+ Ve 3-methylpentane 1 2.1
03 nechexane 1 0.18
diisopropyl 1 0.26

1. All the relative yields have been calibrated by the detection
efficiencies of the H and Hproducts. The importance of the
H, elimination fromn-butane ta-octane is generally increasing
relative to the H-atom elimination. This is quite reasonable
Figure 8. Translational energy distributions for atomic hydrogen (H) because the dominant process of ¢limination from alkane
elimination from the photodissociation of some branched alkanes at seems to be from the 4#limination from the central carbon
157 nm. The relative heights of the distributions are arbitrary. atoms. The increase of the; ldlimination is at least partly due
to the increasing number of the GHdroups in larger alkane
molecules. From the above results, it is clear that slow H-atom

Translational Energy (kcal/mol)

branched alkanes — products + H,

1.0
06.] (&) —o— Foutane elimination from the terminal Ck groups is significantly
. & o (b) —o— i-pentane .
05.] P o (©) —»— Hhexane reduced fo_r that from Iarger—alk_aryes._TNs would also reduce
] S " ’g)gm_gu@% Egi::ﬁﬁﬁ';fjfg‘a"e the branching of the H-atom elimination for larger alkanes and
g‘”‘ {7 /eﬂvvvvvvgs}’gﬁ;% {f)—+— diisopropyl thus enhance the branching of the élimination process.
Sosf  // s iR b. Photodissociation of Some Branched Alkane$hoto-
$os] o// b N dissociation of 2-methylpropanetfutane), 2-methylbutané-(
Fosd fi/”/“/ pentane), 2-methylpentané&hexane), 3-methylpentane, 2,2-
T s 4 dimethylbutan_e rfechexane), _an(_j 2,3-dimethyl_butan_e (diisc_)-
0] /ﬂ propyl) following 157-nm excitation was also investigated in
i this work. TOF spectra of the photodissociation products from
01 these branched alkanes mfe = 1 (H) and 2 (H) were
00 T - T 7 measured. These TOF spectra were accumulated oves5®@

laser shots.

Figure 6 shows the TOF spectrame = 1 from the branched
alkanes. The contribution described by curve 2 in these TOF
spectra comes from the dissociative ionization of the, GHs
elimination) products, which were detected at mass 15. The even
slower parts were attributed to heavier photofragments such as
ethyl, propyl, and butyl radicals from the— bond fission
process and were fitted by assuming that the translational energy
the middle CH group. As we can see from Figure 5, the distributions for these €C bond rupture processes are the same.
translational energy distributions for;Hlimination for larger It is quite obvious that contributions of the cracking of heavier
n-alkanes are very similar to each other. They are also similar fragments to then/e = 1 signal are larger than those observed
to that of propane. There are, however, some noticeablein n-alkanes, indicating that-€C bond fission should be more
differences in the translational energy distributions of these important than the normal alkanes. In fact-C bond fission
molecules. For example, the higher energy component at aboutis likely the most important process in the photodissociation of
60 kcal/mol for higher alkanes is more pronounced than that of branched alkanes at 157 nm. It is difficult, however, to estimate
propane, implying that the four-centeg, ldlimination is more relative branching ratios of these processes. The fast peak in
important for larger alkanes. There are also some differencesthese TOF spectra should all come from the H-atom products
near the shoulder around 40 kcal/mol, which should come from (curve 1) and was fitted as a binary atomic hydrogen elimination
the H elimination from the CH groups. In addition, the lower  process. The translational energy distributions for the H-atom
energy part of the distribution for butane is notably higher than elimination from the branched alkanes are presented in Figure
others. Despite all these differences, the overall pictures for 8. It is interesting to note that the distributions fdrutane (curve
different n-alkanes are remarkably similar to each other, a) and diisopropyl (curve f) are very similar, while the
indicating the similar nature of the dynamics of the H distributions fori-pentane (curve b) arnidhexane (curve c) are
elimination processes from these molecules. This is likely due also very similar to each other. There are only primary and
to the similar electronic structures of excited electronic states tertiary hydrogen atoms for-butane and diisopropyl, and
for these normal alkanes. The above experimental results alsosimilarly primary, secondary, and tertiary hydrogen atoms for
indicate that the three-center interngl-&limination and four- i-pentane and-hexane. This implies that the dynamics of the
center H elimination processes are dominant processes in all H elimination likely depend on the geometric complexities of
alkanes, but the quantitative information on the site specificity the alkanes. As we can see in Figure 7, the slower paridor

Translational Energy (kcal/mol)

Figure 9. Translational energy distributions for molecular hydrogen
(Hy) elimination from the photodissociation of some branched alkanes
at 157 nm. The relative heights of the distributions are arbitrary.

mol in the kinetic energy distribution for propane (Figure 5) is
from the four-center Kelimination, while the main slower peak
at ~30 kcal/mol is from the three-centen klimination from

of the H, elimination for each individual alkane molecule still
needs further isotopic labeling studies.
The relative branching ratios for the H ang Elimination

hexane is the largest among this group of molecules, while that
for 3-methylpentane is the smallest. This indicates that more
methyl groups near the higher order carbon atonisatt 3)

channels have been determined and the results are listed in Tablshould produce more secondary H photodissociation products,
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Figure 10. TOF spectra at mass 1 from some cyclic alkanes at 157 nm. The open circles are the experimental data points, while the solid curves
are the fits to the spectra using the translational energy distributions of H elimination as shown in Figure 12. For the TOF spectra of (a) cyclopropane
curve 1 is the contribution from the H products; curve 2 is the contribution from the cracking op@Hucts and curve 3 is from the momentum-
matched contribution of the photodissociation partneHcurve 4 is from the cracking of GHroducts and curve 5 is from the momentum-
matched contribution of the photodissociation partneH«curve 6 is the overall fit.

similar to the propane photodissociation. This also implies that branched alkanes are significantly broader than those of the

the more branched the alkane, the slower the H-atom products.normal alkanes, indicating that the ldlimination process for
TOF spectra at mass 2 from photodissociation of the branchedbranched alkanes at 157-nm excitation are likely more statistical

alkanes atn/e = 2 are shown in Figure 7. Because dissociative than that of the normal alkanes, which are quite dynamical. The

ionization of the higher mass radical products normally does distributions fori-butane (curve aj;pentane (curve b);hexane

not producem/e = 2 signals in the electron bombardment (curve c), and 3-methylpentane (curve d) are very simliar, while

ionizer, all signals observed ate = 2 should come from the  the distributions for diisopropyl (curve f) amegchexane (curve

H, photodissociation products. These TOF spectra were simu-e) are significantly different from the other compounds.

lated using the translational energy distributions as shown in  The relative branching ratios for the H and Elimination

Figure 9. It is apparent that the distributions of the H channels have also been determined and the results are listed

elimination process for the branched alkanes are significantly in Table 2. All relative yields have been calibrated by the

different from those of the normal alkanes, indicating the detection efficiencies of the H andxigroducts. From Table 2,

dynamics of the Helimination for these two series of molecules the more branched alkanes produce more atomic hydrogen

are quite different from each other. This is not surprising because products than molecular hydrogen products. ThédHbranching

the electronic structures of the branched alkanes should beratios for 2-methylpentané-fiexane) and 3-methylpentane are

notably different from those of the normal alkanes. The nearly the same; this is likely due to the fact that the two isomers

translational energy distributions for the Elimination of the are similar except that the methyl group is substituted at carbon
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Figure 11. TOF spectra at mass 2 from some cyclic alkanes at 157 nm. The open circles are the experimental data points, while the solid curves
are the fits to the spectra using the translational energy distributions efidination as shown in Figure 13.

atoms of different sites. It is also important to point out that

respectively. TOF spectra at these high masses have also been

the C-C bond cleavage processes should be the dominantmeasured. These products are attributed to th€ Gond fission
processes for the photodissociation of the branched alkanes, angirocesses. There are also small contributions efCCbond
the more branched alkanes produce more radical products fromfission processes for the higher cycloalkanes to the TOF spectra,

C—C bond fission, which subsequently crack intd kh the
electron impact ionizer.

c. Photodissociation of Some Cyclic Alkane?hotodisso-
ciation of cyclopropane, cyclopentane, cyclohexane, cyclohep-

but they are separated from the H-atom product channel and
are not shown in Figure 10. Curve 1 for cyclopropane and all

other curves in these TOF spectra should all be due to the H
atom product channel for these molecules. These TOF spectra

tane, and cyclooctane were also investigated in this work. TOF were simulated using the translational energy distributions
spectra of the photodissociation products from the cyclic alkanespresented in Figure 12. As one can see, there are three peaks in

atm/e = 1 (H) and 2 (H) were measured. All TOF spectra
shown in this section were accumulated over-200-k laser
shots.

TOF spectra at mass 1 from the cyclic alkanes are shown in
Figure 10. Curve 2 and curve 3 of the TOF spectrum for
cyclopropane come from the dissociative ionization of the
momentum-matched Grand GH,4 (CH, elimination) products,
respectively. Curve 4 and curve 5 of the TOF spectrum for
cyclopropane come from the dissociative ionization of the
momentum-matched GHand GH3 (CHs elimination) products,

the distributions for cyclohexane, cycloheptane, and cyclooctane,

which are peaked at4, ~13, and~28 kcal/mol, indicating

that there are at least three different dynamical routes for the
photodissociation of the larger cycloalkanes (cyclopentane to
cyclooctane). The shape of the kinetic energy distribution of
the H-atom elimination from cyclopropane (curve a) is clearly
different from those of the rest of the cycloalkanes investigated.
It seems that H-atom elimination from cyclopropane mainly
produces slow H-atom products, which are probably due to
secondary dissociation processes. It is important to note here
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cyclic alkanes—sproducts+H TABLE 3: Relative Yields of Atomic Hydrogen (H) and

109 . Molecular Hydrogen (H5) Elimination Channels from the

09+ / E“*nh\ (8) —o— cyclopropane Photodissociation of Some Cyclic Alkanes

os 4 % O cycloalkanes~ cycloalkanes~

\ (d) —v— cycloheptane molecule products+H productstH;

= 0.7 4 g D\ (e) —o— cyclooctane
T 1\ & cyclopropane 1 0.16
2% \ R cyclopentane 1 0.63
Bos{ || % cyclohexane 1 1.3
~ =89, Y
— TR & g cycloheptane 1 13
M B s S SN cyclooctane 1 1.6
o T Mol B AR

034 Noob AR

%, A . . .
024 B“ﬂ% to that of normal alkanes is interesting. This is likely due to the
1 / R fact that the larger alkanes are similar in nature tortiadkanes.
0.14 00, ~9B . . . L .
17 The relative branching ratios for the H and Elimination
00 S S A gofg“"a;g' T channels have also been determined and the results are listed

in Table 3. The H elimination process is clearly more important
for the photodissociation of cyclopropane and cyclopentane,
while the H elimination process is more important for the other

Translational Energy (kcal/mol)

Figure 12. Translational energy distributions for atomic hydrogen (H)
elimination from the photodissociation of some cyclic alkanes at 157

nm. The relative heights of the distributions are arbitrary. higher cycloalkanes, which is similar to timealkanes. These
results indicate that the dynamics of the photodissociation of
cyclic alkanes—products+H, cycloalkanes is related to the flexibility and the ring strain of
104 . the cycloalkanes.
09 ] V/;x\ (@) —o— cyclopropane
] {b) —e— cyclopentane IV. Conclusions
08 {¢) —2— cyclohexane
=N \0 RISl From the above experimental investigations, results of atomic
_3 RN and molecular hydrogen elimination from the photodissociation
8 V§o\ of alkanes at 157 nm are presented. Interesting dynamics of
T & ) the atomic hydrogen (H) elimination and molecular hydrogen
@ o w,o}”“‘:’tg\‘\m_ (H2) elimination processes from the photodissociation of alkanes
e, 7 were observed. Generally speaking, the dynamics of the
P \s\ﬂ . photodissociation of all different types of alkanes, acyclic and
j}f&gﬂ:ﬂﬁwﬁwﬁ A cyclic alkanes, are similar, while the relative yields of the
‘ s@rg:gg.e43?8&a:a:a,a.é;ggiee&g_ - different dissociation pathways are quite different. The competi-
"0 o 20 3 4 50 60 70 80 tion of the H elimination, H elimination, and the €C bond
Translational Energy (kcal/mol) rupture processes is mostly controlled by the complexities and

Figure 13. Translational energy distributions for molecular hydrogen the ring strain of the alkane species. It is also interesting to

(H2) elimination from the photodissociation of some cyclic alkanes at point out that even though the alkane molecules studied in this

157 nm. The relative heights of the distributions are arbitrary. work are already quite large, the dissociation dynamics,
however, are still quite nonstatistical in nature. More theoretical

that the CH elimination to produce a methylene diradical and investigations are needed to understand the interesting dissocia-

an ethylene molecule is the dominant process for the photodis-tion dynamics of these alkane molecules.

sociation of cyclopropane. In a comparison of Figure 12 with

Figure 5, it is quite clear that the dynamics of H elimination ~ Acknowledgment. This work was supported by the National

from cyclic alkanes are notably different from those of the Research Council, the Academia Sinica of the Republic of

n-alkanes. China, and the China Petroleum Corporation.

TOF spectra aine = 2 from the cyclic alkanes are shown
in Figure 11. As pointed out above, all signals observetd/at
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