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Photodissociation of allyl- d, iodide excited at 193 nm:
Stability of highly rotationally excited H  ,CDCH, radicals to C—D fission
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The photodissociation of allydh, iodide (H,C=CDCH,l) and the dynamics of the nascent alty}-

radical (H,CCDCH,) were studied using photofragment translational spectroscopy. A previous
study found the allyl radical stable at internal energies up to 15 kcal/mol higher than the 60 kcal/mol
barrier to allene-H formation as the result of a centrifugal barrier. The deuterated allyl radical
should then also show a stability to secondary dissociation at internal energies well above the barrier
due to centrifugal effects. A comparison in this paper shows the djlyfadical is stable to
allenet+D formation at energies of 2—3 kcal/mol higher than that of the nondeuterated allyl radical
following photolysis of allyl iodide at 193 nm. This is most likely a result of a combination of the
slight raising of the barrier from the difference in zero-point levels and a reduction of the impact
parameter of the dissociative fragments due to the decrease in frequency of the C—D bending modes,
and therefore alleneD product orbital angular momenturfi,|= u|V,q|b. The integrated signal

taken atm/e=40 (allene andm/e=41 (allened; and propyned;) shows a minor fraction of the
allyl-d, radicals isomerize to the 2-propenyl radical, in qualitative support of earlier conclusions of
the domination of direct allerieH formation over isomerization. @003 American Institute of
Physics. [DOI: 10.1063/1.1596853

INTRODUCTION ity was attributed to a centrifugal barrier produced by signifi-
cant partitioning of rotational energy to the allyl radical in
The dissociation dynamics of the allyl radical has beenthe primary photolysis step. The conservation of angular mo-
the topic of many studies in the pdst.The work presented mentum along with the small reduced magsand near zero
here uses a technique developed to study the unimolecul@fpact parameteb), characterizing the radical’s dissociation
dissociation channels of isomerically selected radiciis caused most of the allyl radical angular momentum to be
continuation of a previous study in which allyl iodide was partitioned to allene rotation because the orbital angular mo-
used as a photolytic precursor of the allyl raditbinlike the  mentum of the scattered allenel products|L|= w|V,|b, is
other prior studies on allyl radicals, these studies examingequired to be small. This introduces a centrifugal barrier that
the dissociation dynamics of highly rotationally excited allyl prohibits the dissociation of rotationally excited allyl radicals
radicals. C—I bond fission producing iodine in its ground,even though their internal energy is well in excess of the 60
| (?P5), and excited, I1{P,,,), spin—orbit state were found keal/mol barrier.
to be the only major channels upon photolysis of allyl iodide  The results presented here are a continuation of this
at 193 nm. The nascent allyl radicals were dispersed by theltydy. We used photofragment translational spectroscopy to
translational energy, allowing the dynamics of the allyl radi-characterize the photodissociation of alty-iodide (H,C
cal to be studied as a function of its internal energy. All Of:CDCHzl, see F|g lexcited at 193 nm and compare it to
the 1 (°P;,) formation channel allyl radicals were found to newly obtained nondeuterated allyl iodide photolysis data.
have enough internal energy to undergo C—H bond fissionas mentioned earlier, the nascent allyl radical produced
primarily forming allene (HC=C=CH,)+H. No signifi-  through the 193 nm photolysis of allyl iodide has enough
cant isomerization to the 2-propenyl radical was detected ghternal energy to undergo C—H bond fission, producing ei-
the internal energies accessed in these experiments. Onlyyger allene or propyne through two main pathwaje first
fraction of the 1€Py/;) formation channel allyl radicals had pathway(60 kcal/mol barrier heigfit is direct allene forma-
sufficient energy to overcome the 60 kcal/mol baffit tion, where the central H atom is lost in one step. The second
allenetH formation, leaving some stable allyl radicals to be produces either allen@7.5 kcal/mol barrier height or pro-
detected am/e=41. It was found, however, that a consider- hyne (56.5 kcal/mol barrier heighi following isomerization
able fraction of the allyl radicals was stable to dissociation a{y e 2-propenyl radical63.8 kcal/mol barrier heigh
energies up to 15 kcal/mol higher than expected. This stabil(—l—he barrier heights quoted here are calculated in Ref. 9 for
the nondeuterated specie$he reactions of interest for the
dElectronic mail: I-butler@uchicago.edu allyl-d, radical are shown in reactiori$)—(4).
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The malor r‘onquterate_d allyl radical dissociation prodg, 2, Time-of-flight taken am/e=127 (I"), a source angle of 15° and a
uct was identified in the prior work as allene based on thehotoionization energy of 9.5 eV. The top panel is from nondeuterated allyl
appearance of signaat 9.6 eV compared to an allene ion- iodide photolysis and the bottom panel is from altigiodide photolysis. As
ization energy) of 9.7 eV and propyne ionization enei‘@y)f the I ( _P3,2) ionization energy is 10.45 eV, this signal is due to théR(,)

o _ formation channel only.
10.36 eV} and slope of a photoionization efficien¢IE)
curve! In this work, replacing the central hydrogen with a

deuterium atom(Fig. 1) can facilitate allyl radical H-loss . .
channel identification without relying on PIE curves. As canPUIse and focused to mm cross sectional area in the

be seen, direct allene formatireaction(1)] will result only interaction region. The resulting photofragments with lab ve-

in mass 40 products. Isomerization to the 2-propenyl radicexlrlzc'it'oisvil:g;g ttﬂi d\?\}grcetorhaoxtgi;lr?i\;vetsfsizm ttl?ntglfléogiitrlﬁg-
can give either mass 40 or mass 41 allene produetstions 9 Y P 9 Y

(3), (4)] while propyne formation following isomerization to tron radiation. The ions were then mass selected using a

the 2-propenyl radical results only in deuterated propynequadrupole mass filter and detected with a Daly detéétar.

. synchrotron aperture of 2000 mm was used, and the radia-
[mass 41, reactio(2)]. . .. tion passed througa 1 mmthick MgF, filter (as opposed to
Changing the central hydrogen to deuterium will in-

crease the orbital angular momentum of the alteHeprod- the 2 mm filter used previously for all data shown. The

ucts |[|_ I¥,o|b, due to the increase in reduced mass for asynchrotron radiation has been recently recalibrdted the
AT K Vrel B, S : photoionization energy in each spectrum in this paper is
deuterium loss reaction. However, the impact parameter anr(;1 ;

zero-point-corrected barrier height can also be changed up )
the replacement of hydrogen with deuterium. In this study(/)ébos' The undulator gagmm) was calculated from the re

we probe the effect of these competing factors on the :stabilguwed p_ho_t0|on|zat|on energy,(eV), using the following
. ) . . polynomial:
ity of rotationally excited allyl radicals.

gagmm)=7.875 mm) + 2.5054 mm/eV)x

—0.068 545mm/e\?)x?

The results presented were taken on the rotatable-source,
fixed-detector, crossed-laser molecular beam apparatus at the +0.000 824 77mm/e\f)x.
Advanced Light Source at the Lawrence Berkeley NationallThe background-subtracted time-of-flights shown in the fig-
Laboratory'! Briefly, either allyl-d, iodide, or nondeuterated ures include ion flight time, with the fits corrected using an
allyl iodide, was placed in a bubbler at 0°C through whichion flight constant of 6.5us(amu ™2 determined through
He gas was bubbled to give a total backing pressure of 508F; time-of-flights in the week that the data were taken.
Torr. A 0.5 mm piezo-valve nozzle was kept at a temperature  The synthesis of allyd, iodide was adapted from that
of 80—95°C to reduce clustering. The molecular beam wasf Minsek and Chen? First, 6.484 g(0.1545 mol lithium
crossed with the pulsed light from an ArF filled Lambda aluminum deuteride and 240 ml of ethyl ether were placed in
Physik COMPex 110 excimer laser operating near 3 mJa 500 ml three neck flask, stirred under dry nitrogen, and

EXPERIMENT
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FIG. 3. Translational energy distributi¢®(E)] derived from the forward é C;
convolution fit of the | P,,) m/e=127 spectra shown in Fig. 2. It ranges 5 0.6 °
from 1.2—-38.4 kcal/mol, corresponding to an internal energy ragg, of = ®
45.2<E;;<83.6 kcal/mol in the nascent allyl radical. < 04 2
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then cooled in an ice bath for 30 minutes. Over four hours, ok
8.44 ml (0.144 mo) of propargyl alcohol were added. The
reaction was allowed to stir overnight at room temperature  -0.2
and then refluxed for 2.5 houtat 45 °Q. The reaction was
cooled in an ice bath, quenched by the addition of 8.43 ml
(0.468 mo) of deionized water and then the mixture was i 4. Allyl radical time-of-flights taken at a source angle of 30° and a
filtered through celite, removing the white precipitate. Bothphotoionization energy of 9.5 eV. The top panel is the time-of-flight of
the flask and the celite were washed with ether, the remairlondeuterated allyl radicalsr{e=41) from allyl iodide photodissociation
ing clear liquid was cistled at room temperature underd, e 51 e e i pedted whey DRLPE) 0.3
house vacuum to remove most of the ether and then distilleganel is the time-of-flight of allyt, radicals (n/e=42) and the solid line is
at atmospheric pressure to yield 1.965®@033 mol, 23% the fit predicted from the 61.5 kcal/mol barrier to alleri2 formation.
yield) of allyl-d, alcohol. The product distilled over at 97 °C
as a clear liquid'H NMR (400 MHz, CDC}) 6 4.16 (m),
5.15(m), 5.28(m). As this is taken at an ionization energy below the 10.45 eV
The 1.508 g of allyld, alcohol was placed in a three ionization energdf of I (2P3,), the signal seen is due to the
neck 500 ml round bottomed flask, put under dry nitrogenionization of | ¢P,;,) from the minor | €P,,,) + allyl radical
and 10.2 g(8.65 ml, 0.033 mal of triphenylphosphite was primary product channel. The same translational energy dis-
added via syringe. 7.12 (8.12 ml, 0.050 mol of methyl tribution, P(E1), was used to fit both spectra, as no differ-
iodide was then added dropwise through a syringe over fivence was apparent within the allgll- iodide m/e=127 spec-
minutes. The solution was then heated at refab80 °Q for ~ trum’s poor signal-to-noise. Th®(E;) derived from the
24 hrs. After reflux, the solution was distilled at reducedforward convolution fit to Fig. 2 is shown in Fig. 3. Note that
pressure(house vacuuminto a dry ice and ethanol cooled although it spans roughly the same translational energy
receiver. This yielded a solution of allyl, iodide and me- range, it is quantitatively quite different from the previously
thyl iodide. The majority of the methyl iodide was then re- obtained I €P,,,) formation channeP(E+).” This might be
moved by distillation at room temperature under low pres-due to clusters in the previous data, as were thought to be
sure (house vacuumfor 10 seconds yielding 1.60 g of present. Through the conservation of energy, it is noted that
allyl-d, iodide.*H NMR (400 MHz, CDC}) §3.86(d), 4.97 the | (°P,,,) formation P(E;) leaves nascent allyl radicals
(d), 5.24 (m). Because the samé(E) was used to fit the with an internal energyg;,,, of 45.2<E;;<83.6 kcal/mol.
| (2P, spectra from both nondeuterated and atlyliodide As previously noted, this energy range should leave a
photolysis, as will be shown in the next section, it is notfraction of the nascent allyl radicals stable to alleh&D
believed that the methyl iodide impurity posed any problemdormation. Calculations were performed at the(B3LYP)
in the experiments. level of theory to determine the magnitude of the barrier
introduced by the zero-point-energy differences of the non-
deuterated and deuterated allyl radicals. An additional barrier
of 1.5 kcal/mol was found due to this isotope effddthe
Figure 2 shows then/e=127 spectrum (1) from the barrier to dissociation of the nondeuterated allyl radical was
photodissociation of nondeuterated allyl iodittep panel  found to be 59.8 kcal/mol at the @33LYP) level of theory,
and from allyld, iodide photolysigbottom paneltaken ata in agreement with the 60 kcal/mol barrier of Dawsal.
source angle of 15° and a photoionization energy of 9.5 e\talculated at the GB3LYP) level of theory’] Data were
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FIG. 5 Ally[ radical time-of-flights taken at a source angl(_e of 30°_ and a gtable to secondary dissociation. The tepxis in Fig. 6 is

photoionization energy of 9.5 eV. The top panel is the time-of-flight of o \yaagyred translational energy imparted in the dissocia-

nondeuterated allyl radicalsn{e=41) from allyl iodide photodissociation . . .. L

and the botom of allyd, radicals (/e=42). The modified 10N, While the lowerx-axis is the corresponding internal en-

I (2P P(Eq)'s used to fit the time-of-flights are shown in Fig. 6. ergy of the allyl radical. The black/gray dotted line marks the
60/61.5 kcal/mol barrier to allereH/D formation. As can be
seen, than/e= 42 (gray) distribution survives at internal en-

taken atm/e=41 (allyl radical from nondeuterated allyl io- ergies around 2—3 kcal/mol higher than thée=41 (black

dide photolysisandm/e=42 (allyl-d, radica) to determine  distribution. We will return to this in the Discussion section.

the energy range at which the allyl radicals are stable to To help determine if the C—®) fission occurs directly

dissociation. Figure 4 displays allyl radical spectra taken at ar after isomerization to the 2-propenyl radical, data were
30° source angle and a photoionization energy of 9.5 eV. Théaken atm/e=40 andm/e=41 from allyl-d, iodide photo-

top panel shows then/e=41 allyl radical spectrum from dissociation. Figure 7 shows data takenmde=40 (alleng

nondeuterated allyl iodide photolysis along with a fit corre-at a source angle of 30° and photoionization energy of 10.8

sponding to the 13P,,,) formation channeP(E+) (Fig. 3 eV. The fit shown is calculated using tR¢E) derived from

truncated at the zero-point-corrected 60 kcal/mol barrier. Theéhe forward convolution fit tol (m/e=127) data from non-
bottom panel shows the/e=42 allyl radical from allyld,  deuterated allyl iodide photolysis taken with 200 eV
iodide photolysis along with a fit predicted by its correspond-electron-impact ionizatiofFig. 2 of Ref. 7, as there are no
ing zero-point-corrected 61.5 kcal/mol barrier. Clearly, bothelectron-impact data available from deuterated allyl iodide
nondeuterated as well as deuterated allyl radical fragmengshotolysis. Our previous work showed thaie=40 data

are stable at energies much higher than their respective barould not momentum match with*|spectra taken at the

riers. As in the previous study, we note that this is due tgphotoionization energie$10.8, 12.0 eV attempted at the

centrifugal effects. Figure 5 again displays the allyl radicalsynchrotron, even though they are above the ionization ener-
spectra shown in Fig. 4, this time with proper fits. The topgies of both spin—orbit states. This is attributed to the differ-
panel shows then/e=41 allyl radical spectrum along with ences in | €P5,,) and | ¢P4,,) photoionization cross sections
its forward convolution fit and the bottom the/e=42  at these lower ionization energies.

allyl-d, radical spectrum with its corresponding fit. In both Isomerization to the 2-propenyl radical can give both a

cases, the translational energy distributions derived in th@ropyne product as well as an indirect allene product, and

forward convolution fits are obtained from tH&E;) for  when the allyld, iodide is used as the precursor both of

I (?P,,,) formation (Fig. 3 but with the low translational these indirect channels can result in mass 41 propyne and

energy side of thé(Et) lowered until the remainder fit the allene production. The spectrum of/e=41, taken at a

surviving radical data shown in Fig. 5. The resultif@E)’s  source angle of 30° and photoionization energy of 10.8 eV, is

which fit the surviving momentum-matched allyl radicals in shown in Fig. 8.

Fig. 5 are shown in Fig. 6, and represent all théR{,) The fit shown is also calculated from the 200 eV

+allyl radical channel products which produce allyl radicalselectron-impact ionizatiom/e=127P(E+) describing C—I

Downloaded 23 Feb 2004 to 128.135.85.50. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



5082 J. Chem. Phys., Vol. 119, No. 10, 8 September 2003 Szpunar et al.

12 12
.
i1k o m/e = 40 (CSH;) L - m/e = 41 (C.H.D")
os | 30°, 10.8 eV 08 \ 30°, 10.8 eV
5 06 g
£ 3
< 04 ]
Z 02 =
0k
02 00 750 200 250 300 -0.2 L L L L
%0 10 . . 50 100 150 200 250 300
Time-of-FHight, t(i5) Time-of-Flight, t (1s)

FIG. 7. Time-of-flight atm/e=40 (C;H;) corresponding to both direfte- ) . . i
a_ction(l);l and indi%ect[reaction(S()(];sallfeze formgtion frgm_allyldz_rad{iléal Flié?r' e-a:g}g;10(f2-)f:||lg;:dagﬂ/ei;fela(cct;is;?(?l);)f::oor;rzsllp;/ i%i'?g J%;Tog:::;gz-
d'SSOC'at'o'.ﬁ' ta_lker_] at a source an_gle of 30° and a phot0|on|zat|c_)n ENET9Y Gion taken at a source angle of 30° and a photoionization energy of 10.8 eV.
10.8 ev. Itis f'tXV'th theP(Er) _derlved from the forward convolutlon_flt to It is also fit with the P(E;) derived from the forward convolution fit to
tnhoen;nést:erlathd( Ia?lyslpi)oegit(rjl;nt](alligﬁ intﬁezfog g\f/ 22&?03;1 ?nr:pzzf :8%?38; asm/e: 127(I*) spectra of the 193 nm photolysis of nondeuterated allyl o-
the different photoionization cross sections fofPg;,) and | (P, at the dide taken with 200 eV electron impact ionizatifig. 2, Ref. 7.
lower photoionization energies used at the synchrotidn8, 12.0 eV pre-
vent a suitable momentum match witte=40 fragments.
of the H,CCDCH, radical survives secondary dissociation.
(Whether a particular radical survives secondary dissociation
bond fission of nondeuterated allyl iodideig. 2 of Ref. 7. or not depends on how the total internal energy is partitioned
Unfortunately, the limited sample available prevented thepetween vibrational energy, which can be used to surmount
collection of a spectrum with better signal-to-noise. Figure %he barrier, and rotational energy, which cannhSubstitution
showsm/e=40 (black and m/e=41 (gray) spectra from  of the central hydrogen with deuterium yields allyl radical
allyl-d, iodide photodissociation overlaid, both taken with afragments stable to dissociation at energies 2—3 kcal/mol
source angle of 30° and a photoionization energy of 10.8 e\jreater than the nondeuterated allyl radical. This is some-
over 50000 shots. Integration of the signal from 86—-285 what surprising, as one would expect an increase in the
gives am/e=40/41 ratio of 4.5. We will return to this in the 4jjene+H product orbital angular momentum,|[|

Discussion. = u|Vie|b, due to the increase in reduced masseading to
a reduction in the centrifugal barrier.
DISCUSSION We attribute the increased stability in part to differing

, - ) zero-point energies. Substitution of hydrogen with deuterium
The portions shown in Fig. 6 of the #P,,,) formation

channelP(Ey) (Fig. 3 that fit the surviving nondeuterated

allyl radical as well as allyd, radical spectra show a stabil- 200
ity of some highly rotationally excited allyl radicals at inter-

nal energies higher than the 60/61.5 kcal/mol barrier to
allenetH/D formation. Because the allyl radical loses an H =~ ;50 [
or a D atom from the center carbon, the rotational energy of
the allyl radical must appear predominantly as allene produci
rotational energy as the exit orbital angular momentum of thes 100 F
departing H/Drallene fragments|L| = u|V,e|b, is required S

to be small. One can see from the comparison ofRGE )
describing the formation of all nascent allyl radicéfsg. 3) 50
to that of those events that produce stable allyl radiilg.

6) that the probability of an allyl radical undergoing second- / i )
ary dissociation depends on its rotational energy, but the 0 s oo o 800
allyl-d, radical shows a higher survival probgbmty than the Time: o Hight,  (us)

nondeuterated allyl radical at the same total internal energy.

For ex-ample, when allyl ra(_jllcals are prOduce,d from a C_IFIG. 9. A comparison oim/e=40 (GH; , black line corresponding to
bond fission event that partitions 18 kcal/mol in product re-poth direct[reaction(1)] and indirect[reaction(3)] allene formation and
coil of the allyl radical and 13P,,,) fragments, the allyl radi- m/e=41 (GH;D*, gray ling corresponding to indirect propyriesaction
cals are produced with a total internal energy of 65.6 kca|[_2)] and al_lene[reactior_1(4)] time-of-_ﬂig_hts from allyl-d, radical dissocia-
mol. The P(Er)'s in Fig. 6 show that about 80% of the 17 loung pholobss of s o s a souce e ol 20 ond 2
H,CCHCH, radicals with this total internal energy survives as can be seemve=40 allene formation dominates tma/e=41 allene/
secondary dissociation, while a considerably larger fractiomropyne contribution.

O e rrTT

Downloaded 23 Feb 2004 to 128.135.85.50. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 119, No. 10, 8 September 2003 Photodissociation of allyl-d, iodide 5083

results in a lowering of the zero-point energy, which effec-and 19.9 kcal/mol being partitioned to rotation for the non-
tively leads to an increase in the barrier to alleiieforma-  deuterated allyl radical and allg, radical, respectively,
tion over the barrier to allereH formation of the nondeu- when 24 kcal/mol is partitioned to product translation. This
terated radical. As described in the previous section, alight increase in rotational energy of the altj- radical
comparison of allyl and allyd, radical zero-point energies would also contribute to the increased stability of the deuter-
predicts an increase of 1.5 kcal/mol in the barrier. Howeverated species.
the small magnitude of this increase in zero-point-corrected The comparison ofn/e=40 to m/e=41 spectra from
barrier height cannot alone account for the absence of exhe photodissociation of allydh, iodide gave an/e=40:41
pected centrifugal barrier lowering due to the increase ofatio of 4.5, and the photoionization cross section of afféne
reduced mass experienced in these studies. Clearly, the zerand propyn&’ are known to be similar at 10.8 eV. However,
point isotope effect must work in combination with other as shown in reactionél)—(4), there is more than one pos-
factors. sible way to obtain each mass, prohibiting a determination of

Although reactions involving the loss of a deuterium the allene:propyne branching ratio. Allene detectedanéas
atom rather than a hydrogen atom experience a decreased40 can be produced through two mechanisms: direct for-
tunneling rate, it is an unlikely candidate to explain our ob-mation [reaction(1)] and the loss of deuterium following
served increase in allydh, radical stability. First, it is doubt- isomerization to the 2-propenyl radidakaction(3)]. Allene
ful that tunneling plays a major role in the dissociation reac-and propyne can both be found mfe=41, following the
tion, as tunneling should decrease with decreasing energetioss of one of two possible hydrogen atoms after isomeriza-
symmetry of the reaction. As the reaction of interest has dion to the 2-propenyl radicalreactions(2), (4), respec-
barrieP of 60 kcal/mol with a reverse barrier of 5.6 kcal/mol, tively]. There are therefore two possible ways to produce
tunneling is not expected to be of importance here. As oum/e=40 and four possible ways to make/e=41. One
allyl radical signal begins to arrive at 48s (ion-flight-time  must also consider isotope effects in the competition between
corrected, all dissociative allyl radicals would have done so reactions(3) and (4). There is a possible increase in the
before detection, even those with lower tunneling ratesdeuterium loss barrigreaction(3)] due to zero-point effects,
Thus, a decrease in reaction rate upon substitution of a Bnaking quantitative analysis even more difficult.
atom due to tunneling effects is most likely not responsible  One can also consider the effect of cyclization of the
for the observed allyl radicals that are stable48after the allyl radical, which has a barrier height of 52.7 kcal/mol.
primary dissociation. The barrier for cyclopropyl radicatcyclopropene-H is

A likely explanation for the improved stability of the 52.1 kcal/mol(81.7 kcal/mol above the allyl radical This is
allyl-d, radical lies in the lowered frequencies of the C—D not energetically allowed for the £P,,,) formation channel,
bending modes. As the states with zero or one quanta in C—Bowever, as,, is 83.6 kcal/mol. TheE,, for the | (P,)
bending of the allyle, radical lie lower in the potential well formation channel products is 105.3 kcal/mol, leaving an in-
than the corresponding state of the nondeuterated radicdkrnal energy range of 66<9%,,,<105.3 kcal/mol. If cyclo-
there should be a smaller range of impact parameters avaipropene formation were considerable, one would need to
able to the relevant allyt}, radicals with low excess vibra- truncate the®(Eq) derived from the forward convolution fit
tional energy and high rotational energies. This reducedo the m/e=127 spectrum to obtain a satisfactory fit to the
range of impact parameters could then offset the gain inm/e=40 data. As than/e=40 momentum matches without
allenetH product angular momentum expected from the in-any truncation of thé®(E;) derived from the forward con-
crease in reduced mass and ultimately increase the centrifwolution fit to the m/e=127 spectrum taken with 200 eV
gal barrier by the~2 kcal/mol observed here. electron-impact ionizatiohto accommodate those radicals

A crude model was used to calculate the partitioning ofwith E;,;<<81.7 kcal/mol, cyclopropene formation is ruled
rotational energy in the primary photolysis step. If the angu-out.
lar momentum of the parent allyl iodide molecule is taken to  Isotopic scrambling could be present if H atom migra-
be negligible, then &—J, where Lis the orbital angular tion in the cyclopropyl radical were favorable, as ring open-
momentum from the nonzero impact parameter between thiag to form the allyl radical would now leava H atom on
departing nascent allyl radical and iodine products am&l J the central carbon. This is doubtful, however, as the barrier
the angular momentum of allyl radical rotation. This ap-to H atom migration lies up to 45.4 kcal/mol above the cy-
proximation assumes an impulsive force along the C—I bondlopropyl radical (75 kcal/mol above the allyl radical
produces allyl radical rotation about an axis that intersect3herefore, any cyclopropyl radicals formed should isomerize
the GHs center-of-mass and is perpendicular to the planéack to the allyl radical without isotopic scrambling and then
formed by the C—I bond and a vector from the halogenatedlissociate, forming alleneD, allened;+H or propynee,
carbon to the GHs center-of-mass at the calculatédauche  +H. Although it is not possible to determine an allene:pro-
equilibrium geometry of allyl iodide. The center-of-mass pyne branching ratio, it is evident that allene formation is
used for allyl radical rotation was taken as the center-of-maskighly favored over propyne formation, in agreement with
of the GHs fragment frozen at its geometry in allyl iodide the previous PIE curve assessmérithe appearance of
rather than the equilibrium geometry of the allyl radical. Theallene/propyne found am/e=41 shows that some of the
most probable impact parameter predicted by this model oéllyl radicals do isomerize to the 2-propenyl radical before
1.12 A (nondeuterated allyl iodide dissociatioand 1.13 A dissociation. Although the results are not directly comparable
(allyl-d, iodide dissociation would result in 19 kcal/mol to those of Deyerkt al.® who used UV excitation of rota-
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