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Abstract 

Angle resolved Time· of Flight (TOF) measurements of the fragments produced when allene 

is photolyzed at )193 nm are described. The two primary processes that have been identified 

from these measurements are the H + C3H3 and the H2 + C3H2 channels. The quantum yields 

for these first steps are 0.89 and 0; II respectivel',; Subsequent photolysis of the C3H3 radical 

CH, and C2H2 +"c. The translational energy distributions for each one of these steps have been 

derived using the forward convolution technique. These energy distributions reveal the exit 

barriers and other constraints on the potential·energy surfaces· that lead to the above stated 

products. 
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Introduction 

There have been many studies of the geometrical isomerization of the C3H4 molecule since 

conversion among the various forms of the molecule exhibits most of the behavior that is 

important in its chemistry [1,2,3]. On the ground state surface there are pathways involving 1,3 

and successive 1,2 H migration that can convert the molecule from propyne to allene. The 

hydrogen migration step can also be followed by a ring closure step that can convert allene or 

propyne to cyclopropene. Theoretical calculations have shown that there are large activation 

energy barriers of the order of 60 kcal/mole between the various geometrical isomers [3]. These 

barriers are significantly lower than the energy. required for dissociation from the ground 

electronic state (- 100 kcal/mol) so that the possibility exsist for extensive isomerization prior to 

dissociation. Infrared multiphoton excitation~ (IRMPE), studies in the bulk gas support these 

calculations since they show that the principal prodpct from the IRMPE of allene is propyne [4]. 

Shock tube measurements of this isomerization reaction yield an activation energy of 60 

kcal/mole which also agrees with these theoretical calculations [5]. 

Ultraviolet photochemistry of the Sl and S2 electronic states often occurs via internal 

conversion of these excited states to the vibrational continuum of the ground state where 

dissociation takes place. Thus photoexcitation can be used as a pathway for the production of . 

highly vibrationally excited molecules in the ground electronic states, whose energy is . 

d~terrnined by .. the wavelength of the exciting ligt.~. If internal conversion of electronically 

excited molecules is fast, and the highlyvibrationally excited molecules live long enough, then 

all of the geometrical isomers may exhibit similar dynamics since they are well above all energy 

barriers to the various isomeric forms . 

. Th~ radicals that can be formed in the primary and secondary photolysis of allene are 

important in understanding soot formation in combustion, C3 formation in comets, and the 

presence of cyclopropenylidiene which is currently thought to be the most abundant 

hydrocarbon in interstellar space [6, 7, 8, 9]. Thus, the more we understand about the 



I,,' 

.'.: 

secondary photolysis of the radicals produced in the initial photolysis of allene, the better we 

will be able to understand these areas. 
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Finally, understanding the individual photochemical processes, especially when they occur on 

the ground state potential surface, will also help us to understand the reverse chemical reactions 

which are often difficult to study in the laboratory. For example, it will be shown that one of 

the. primary photolytic steps is the production of H2 and singlet C3H2. Studying the reverse 

reaction ofH2 and C3H2 in the laboratory, even if it did occur on the ground state surface, 

would be difficult because a clean source of C3H2 would be needed and the reactants would 

have to collide at relatively high translational or vibrational energies to overcome the barriers 

involved in the reaction. 

Experimental 

... The angle resolved time of flight(TOF) experiments were performed using two different 

molecular beam machines. One of these machines is a rotating source machine with a fixed 

detector (hereafter called RS) which was designed specifically for photochemical studies and has 

been previously described [10]. In this machine a continuous molecular beam is crossed at 90° 

with the output of a pulsed ArF laser. TOF spectra of the products of photodissociaton are 

measured using a mass spectrometer consisting of an· electron impact ionizer, a quadrupole mass 

filter and an ion counting detector. The molecula'~' beam source may be rotated about the axis 

defined by the path of the laser beam in order to collect time of flight spectra at different 

molecular beam - detector angles. The other machine which is used for measuring Hand H2 

products is equipped with a pulsed molecular beam with a 35" diameter rotating detector 

(hereafter called theRD machine) which was specially configured for crossed molecular beams 

studies of D + H2. It also has been previously described [II]. The basic concept of the 

experiment is illustrated by the Newton diagram in Fig. for the photodissociation reaction, 

C3H4 + hll193nm ~ C3H2 + H2 (I) 
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The beam is moving with a velocity, vbeam, in the laboratory reference frame, but in the. 

center-of -mass(CM) frame the C3H4 molecules are at rest. Conservation of linear momentum 

requires that the linear momentum of C3H2 is equal to that of H2 in the CM frame. The radii 

of the circles in this diagram correspond to the recoil velocities in the CM frame and represent 

the maximum translational energy released in the reaction as determined by the analysis 

discussed below. The experiment, .however, measures the velocity in the laboratory frame, at a 

particular laboratory molecular beam - detector angle. This velocity is the resultant between the 

beam velocity, and the recoil velocity in the CM frame at that observation angle. Iti some cases 

the velocity is uniquely determined at a particular laboratory angle but in other cases, as Fig. 

shows, one can observe fragments that are both forward and backward scattered in the CM 

frame with respect to the direction of the molecular beam. By determining the TOF spectra at 

different angles one can obtain the distributions of recoil velocities of the fragments in the CM 

frame using a forward convolution technique which averages an assumed CM distribution over 

the velocity distribution in the molecular beam and the instrumental resolution [12]. 

The CM recoil velocity can be used to determine an overall energy balance for the 

photochemical reaction, which is given for reaction I by, 

Eint = hll193nm - AH(l) - ETrans· (2) 

In this equation, AH is the enthalpy of the reaction in the absence of the light, Eint is the . 

internal excitation of the fragments and ETrans is the total translational energy which is the 

sum of the translational energies of the fragments. In principle one only needs to determine the 

recoil velocity of one of the fragments since the velocity of the other fragment may be 

calculated using conservation of linear momentum. In practice, it is better to measure the recoil 

velocities of both fragments at several angles to provide additional data to test the proposed 

reaction mechanism. 

The fragments are detected by electron impact ionization using 200 eV electrons, mass 

selected and counted as ions. A large amount of dissociative ionization was observed for many 

products and it is necessary to deconvolute ion signals from various products which yield the 
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same daughter ions. For example, part of the signal observed at a lower mass-to-charge ratio 

(m/e) may contain a fragment ion from a higher mass peak. Again this can be accounted for 

by carefully comparing features which appear in the TOF sp,ectra monitored at various mass 

numbers at different laboratory angles. 

The experiments using the RS machine were all done at 193 nm using a Lambda Physik 

EMG 103 ILC laser. The output of this laser was usually 70 mJ in a 28 ns pulse and it was 

focused to a 3 mm by I mm spot at the interaction region. This yields a peak laser intensity of 

about 8 x 1025 photons cm -2s -1 at the interaction region. One experiment was done with 248 

nm but only a weak photolysis signal could be observed. 

In the RS machine a continuous supersonic beam was formed by expanding 120 torr of a 

mixture consisting of 6% allene in He through a 0.125 mm diameter nozzle heated to 150°C. 

Under these conditions no signal at mle = 40, (C3H4 +), was observed at a laboratory angle of 7 

degrees from the beam, indicating that the photodissociation of clusters was not occurring under 

these circumstances. He was used as a carrier gas since it increases the average velocity of the 

beam, enhancing the observed signal by confining the products to a smaller forward cone about 

the direction of molecular beam. 

A Lambda Physik EMG 202 MSC ILC laser operating at 193 nm was used with the RD 

machine. This laser can supply higher pulse energies of the order of 150 mJ per pulse. To 

compensate for the higher pulse energies of this lr')er it was only focused to a 3mm by 3 mm 

area so that the intensity in the interaction region was similar to that on the RS machine. The 

pulsed molecular beam was formed by expansion of 40 torr of pure allene through a I mm 

nozzle. 

The allene was obtained from Matheson and used without further purification. No evidence 

was found that the 1.2% of propyne and propylene impurities which are present in the gas 

caused any problems in the present experiments. The biggest of these impurities is propyne (0.7 

%) whose absorption coefficient of 1.2 x 10- 18 cm2 is twice as large as the absorption 



coefficient of allene which is 0.6 x 1O- 18cm2 [13, 14]. Thus, less than 1.4% of the observed 

fragments could come from propyne. 

Results and Discussion 

Fragments containing three carbon atoms. C3Hn 
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The C3Hn(n = 3,2,1, or 0) fragments all must come from the elimination of H or H2 in 

primary or secondary photodissociation steps. The TOF spectra obtained at 70 and 100 for m/e 

= 39, C3H3 +, is shown in Fig. 2. The solid line is a fo~ward convolution fit to the data points 

using the P(ET >39, I shown in Fig. 3 [15]. The notation Pi,lET) stands for a translational 

energy distribution for the A (mass = i + j) + hll -+ B(mass = i) + C(mass = j). The appearance 

of m/e = 39 at rand 100 where no m/e = 40 is observed proves reaction 3 is one of the 
. , 

primary processes in the photodissociation of allene, 

(3 ). 

No signal at m/e = 39 was observed at 200 or 300 so signals observed at lower masses at these 

wider angles must come from other channels. Signal from a second channel is observed at 

m/e = 38 at 200 as shown in Fig. 5. No signal at m/e = 38 was observed at 300 but a signal is 

observed at m/e = 37 and 36 at 300 as shown in Figs. 7 and 9. These fragments must also 

come from new channels that are not present at m/e = 39 and 38. The data analysis consists of 

quantitatively fitting these TOF spectra using the forward convolution technique by using a trial 

translational energy distribution, P(ET), for each assumed process and requiring that the same 

P(ET) also fits the TOF spectrum of the other recoil fragment, as required by conservation of 

linear momentum. 

The P(ET) 39,1 which fits the data in Fig. 2 is given in Fig. 3. It is a curve that peaks at a 

translational energy, ET, of 3.9 kcaljmole and then decreases, cutting off at an ET(max>39,1 = 

36.4 kcal/mol. The low energy part of this curve was determined from the fit, to the slow part 

of the H atom TOF spectrum, shown in Fig. 4, which is very sensitive to the slow part of the 

P(ET). The high energy part of this P(ET) was most sensitive to the fast part of the m/e = 39 

TOF spectra at 7 and 10 degrees, which illustrates the advantage of determining both recoil 

/ 
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fragments since different parts of the P(ET) may be sensitive to different parts of the TOF 

spectra for the corresponding fragments. The shape of the P(ET) is consistent with a model in 

which internal conversion produces a vibrationally excited molecule which undergoes simple 

bond rupture with no appreciable exit barrier. 

The upper bound of the C-H bond dissociation energy, Do(C-H)39,1, for allene can be 

derived from the above data using the following equation, 

< hv - ET(max)39,1 

< 111.7 kcal/mol 

(4) 

This upper bound is considerably higher than the bond dissociation energy one would compute 

from the best estimated DoHf,O 0 of Melius for H, C3H3 and C3H4 [16,17]. The DoHf,O 0 from 

Melius, which are used for consistency throughout this paper, yields a bond dissociation energy 

of only 85.6 kcal/mol [16]. Thus, the experimental observations suggest that the C3H 3 radical is 

formed with a minimum internal energy of 26.1 kcal/mol. This minimum internal energy could 

be in the form of vibrational, rotational, or electronic energy. The presence of excess 

vibrational energy is in agreement with recent observations of transient IR emission from this 

system [18]. It is unlikely the radical is formed electronically excited because recent theoretical 

calculations show that the first excited doublet state is about 79 kcal/mole above the ground 

state [19]. It is generally agreed that the most stable form of the C3H 3 radical is the propargyl 

form of the radical [17] but there are a variety of isomeric forms of this radical and the 

experimental results could be interpreted to mean that there is a difference of at least 26.1 

kcal/mol between the initially formed C3H3 radical and the ground state of the propargyl 

radical. Ab-initio calculations of the energies of C3H3and indirect experimental measurements 

have both suggested that there are however no additional barriers between the various isomeric 

forms of the radical aside from the differences in heat of formations [20]. The allenyl form of 

the radical was found to have an energy 61 kcal/mol higher than the propargyl radical. The 

C3H3 radical is probably formed with an excess amount of vibrational energy because of the 

rearrangement the radical undergoes after it releases the H atom. The average energy released 
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in translational motion for this channel is 8.95 kcallmole which is much lower than the 

maximum translational energy. Thus the average internal energy of the C3H3 radicals formed 

in reaction 3 is about 53.6 kcal/mole, which is still not enough energy to electronically excite 

the radical [19]. Therefore all of the internal energy must be in the vibrational and rotational 

motion of the C3H 3 radical.. Because of the low mass of the H atom, it is unlikely that much 

rotational energy is imparted to C3H 3 as it leaves the reaction center so that most ·of this excess 

energy should be in vibrational motion. 

The TOF spectrum of mle = 38 (C3H2 +) at 70, 100 and 200 is shown in Fig. 5. The largest 

contribution to the mle = 38 (C3H2 +) peak at 100 is due to the C3H3 + H channel. In fact the 

contribution of reaction (l) at mle = 38 is larger than the total count rate at mass 39. This is a 

reflection of the large amount of internal energy present in the C3H3 radical when it reaches 

the ionizer, which significantly increases the probability for dissociative ionization and is in 

complete accord with our earlier conclusion that the C3H3 product must be. highly vibrationally 

excited. At 100 a small percentage of the fast mle = 38 fragments could not be accounted for 

by the C3H3 + H channel. This additional signal could be due to a C3H2 + H2 primary 

photochemical process or a C3H2 + H secondary photochemical process. All of the signal at 200 

must come from one or both of these channels since no mle = 39 signal is seen at this angle. 

The fit shown in Fig. 5 is in fact a fit with both of these channels and the P(ET)'s used to fit 

the experimental observations are given in Figs. 3 and 6. At a detection angle of 200
, 93% of 

the signal is due to the secondary photolysis of the C3H 3 via the following reaction, 

(5) 

This simple bond rupture reaction has a P(ET )38, I that is similar in its appearance to the 

P(ET)39 I obtained from the primary reaction channel. , 

Only 7% of the signal at mass 38 is due to the second primary channel, 

(6) 

.. 
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The shape of P(ET>38 2 suggests that there is an exit barrier exceeding 20 kcal/mol for the , 

C3H2 + H2 channel which is in accord with our expectations for a molecular dissociation 

channel. 

There is a small signal in the mle = 37 (C3H+) TOF spectra at 30° which is shown in Fig. 7. 

This is a clear indication that new channels have to be added to the dissociation scheme. The 

solid curve in this figure is a fit to the data adding an additional secondary channel from C3H3, 

(7) 

At the smaller angles of 10° and 20° the contributions from the other channels that were present 

at higher masses tend to dominate the fit. 

The TOF spectra for mle = 36 (C3+) are shown in Fig. 8 at 10°, 20°, and 30°. The fast part 

of the TOF curve at 30° can not be fit with the above dissociation channels and a new channel 

has to be added. The only secondary channel that would not involve three photons but still 

form C3 is, 

(8) 

Recently, laser induced fluorescence detection of the C3 radical formed by 193 nm photolysis of 

a pulsed molecular beam of allene has confirmed that this radical is produced [21]. Payne and 

Stief have also presented evidence that C3 is formed by the one photon sequential detachment 

of two H2 molecules in the 123.6 nm photolysis of propyne [22]. It is therefore not surprising 

that there is a two photon channel which results ill the sequential detachment of H2 in the 193 

nm laser photolysis of allene since it is a geometrical isomer of propyne and the energy of the 

first of these photons should be high above any geometrical barriers. The energy of two 
,~ 

photons at 193 nm is also 2.8 eV higher than the energy of a single 123.6 nm photon. It is 

likely that the C3H2 radical has some internal excitation energy when it is formed. Absorption 

of a second 193 nm photon should supply enough energy to allow facile hydrogen atom 

migration over any internal barriers that may be present on the potential energy surface and 

form H2 [I). The shape of P(ET >36 2 suggests that there is an exit barrier of at least 33 , 

kcal/mol for the C3 + H2 channel. 
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Hand H2 Products 

All of the C3Hn channels produce either hydrogen atoms or hydrogen molecules, so that the 

P(ET) that have been derived from the fit of the TOF data for the C3Hn masses should also fit 

the TOF data obtained for Hand H2. Fig. 4 shows that this is the case, which indicates that 

these P(ET)'S satisfy the required momentum constraints. 

If the dissociation processes only involved the elimination of Hand H2, with C3 being the 

smallest C-containing product,then the TOF spectra of all of the masses below mass 36 would 

be able to be fit with these same P(ET)'S used to fit the C3Hx, H, and H2 channels. But, since 

large amounts of vibrational energy are probably retained in the C3H3 and C3H2 fragments 

when they are formed, it is likely, as will be shown below, that other secondary processes not 

involving 'H atoms are also present. 

The C2Hn and CHn Fragments 

The TOF spectra for the C2Hn (n=3,2,1,0) fragments are shown in Figs. 9, 11 and 12. 

Comparisons of these TOF curves with the earlier curves at the same angles but higher masses 

show that there is additional signal at shorter times for the C2 fragments and additional 

dissociation channels are needed to fit these spectra. 

To fit the fast part of the TOF spectrum for rr.je = 26 (C2H2 +), shown in Fig. 9, a new 

secondary channel had to be added. This channel is the production of C2H2 and CH via the 

following process, 

(9) 

This secondary channel requires only two photons and results in the secondary' dissociation of 

the principal radical fragment .. A second two photon channel involving the C3H2 radical can 

also be invoked to explain part of the fast part of the TOF curves at mle = 25, 24, and 13 

(C2H+, C2+ and CH+). 

C3H2 + hll -4 C2H + CH (10). 

• 
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The contributions of reaction 9 and 10 to the TOF curves for mle = 25, 24, 13, and 12 are 

almost indistinguishable from each other. However, in view of the fact that mle = 26 has a 

count rate higher than the other masses in this region it is likely that reaction 9 is the dominant 

C-C bond rupture channel. Neither of these channels account for the fast part of mle = 12 

(C+), so a third secondary channel has to be invoked. This third channel is the dissociation of 

the C3H2 radical via, 

(11 ) 

The carbon atom has to be in the (3p) state so that enough translational energy is available to fit 

the fast part of the mle = 12 peak. The presence of a spin forbidden process can be 

rationalized on the basis that the C3H2 is produced with enough internal energy to promote 

intersystem crossing. The contribution of this channel is much smaller than reaction 9 because 

this is secondary dissociation of a minor primary product. 

There are many isomeric forms of the C3H3 and the C3H2 radicals and with the amount of 

internal energy that is left in the C3H 3 and the C3H2 a lot of these are probably accessible at 

the energies used in our study [19,20,23,24,25,26,27]. A likely transition state for reaction 9 is 

a cyclic form of the C3H 3 radical [20]. A prop-2-ynylidene type transition state could easily 

explain reaction 10 [24]. The minor primary process eliminates molecular H2 and should leave a 

C3H2 radical that is colder than the C3H3 radical because some of the available energy is 

carried away by the fast vibrationally excited H2 ;.,>roduct. The C2H2 product from C3H2 

suggest that the secondary dissociation reaction 11 goes through either a linear propadienylidene 

or a cyclic transition state [24]. The propadienylidene form of the C3H2 radical could be 

formed by 1,I-H2 elimination which then is electronically excited via absorption of a second 

193 nm photon and dissociates to produce C2H 2 + C. Calculations show the propadienylidene 

C3H2 radical has a minimum which lies 14.5 kcal/mole [25] above the minimum of the lowest 

geometrical isomer of C3H2, the cyclopropenylidene radical [24]. This is well within the 

exothermicity of reaction 6. The cyclic form of the C3H2 could be formed after dissociation of 

C3H4. To explain the formation of C(3p) by either mechanism the C3H2 would then have to 



undergo intersystem crossing either before or after absorption of the second photon. More 

definitive experiments, perhaps starting with a beam of cold radicals, will be required to 

confirm the details of the secondary dissociation dynamics. 

Branching Ratios 

12 

The complexity of the observed reaction mechanism makes it difficult to calculate branching 

ratios from the fits to the fragment TOF curves below m/e= 36. There is not enough structure 

in the observed TOF curves to unambiguously assign the relative contributions at these lower 

masses. The situation is different, however, for the primary and secondary channels that 

produce Hand H2. The fits at the various angles and at high and low masses are very sensitive 

not only to the shapes and energies for the P(ET)'s but also to the relative contribution of each 

channel to the TOF spectrum. Once the shapes and energies have been determined by fitting all 

of the data for the H, H2 and 'C3Hn fragments, then the total number of counts for the Hand 

H2 channels may be used to calculate the branching ratios for the primary and secondary 

channels. Of course the ratio of the primary to the secondary channel has to be fluence 

dependent because the secondary channels are two photon processes. 

The total number of counts at m/e= 1 is 6 times larger than the count rate for m/e= 2. Since 

the lab velocities of Hand H2 are much higher than the heavier C-containing fragments no 

higher masses interfere with either one of these TOF spectra. All of the mle = 1 signal comes 

from either Reaction 3 or Reaction 5, so that it rt'presents almost the total amount of C3H3 

formed. A very small amount of C3H3 dissociates to form C3H and H2 so that some of the 

C3H 3 radicals contribute to this signal. The total count rates found for each of the channels 

used to fit the mle = 1 and 2 may be used along with the relative ionization cross sections at 

200 eV to calculate the primary quantum yields for the formation of Hand H2 at 193 nm (28). 

This data and the results of the calculations are collected in Table 1. The results in this table 

show that the branching ratio for H atom elimination to H2 elimination is 0.89:0.11. The 

secondary branching ratio for Hand H2 elimination from the photolysis of vibrationally excited 
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C3H3 radicals is 0.94:0.04. In both cases, i.e. primary and secondary photolysis, the molecular 

elimination channel is considerably smaller than the atom elimination channel. 

Conclusions 

The photodissociation of allene has been studied at 193 nm and the two primary and six 

secondary processes that have been identified are summarized in Fig. 14. Most of the 

dissociation pathways involve H2 or H atom elimination, with H atom elimination being the 

most prevalent. The major primary process is the formation of vibrationally excited C3H3 by H 

atom elimination. The observed translational energy for this process suggests the minimum 

amount of vibrational energy that must be in this radical is 26.1 kcal/mole since ab-initio 

calculations say there is no stable electronic state at or near this energy [19]. The form of the 

translational energy distribution curve is consistent with the formation of the C3H 3 radical via 

unimolecular decomposition of highly excited ground state C3H4 • If there is no exit barrier 

this kind of decomposition leads to a translational energy distribution that peaks at low 

translational energies and then monotonicaly decreases to the thermodynamic limit [29,30]. It 

also implies that randomization of the available energy in the excited C3H4 molecule occurs 

before fragmentation. The other primary process produces internally excited C3H2 by H2 

elimination, though the C3H2 is probably not as excited as the C3H3 radical because some of 

the available energy should be used for vibrational excitation of the H2 fragment. The highly 

excited hydrocarbon radicals produced in the primary processes lead to a variety of products 

when they absorb a second photon. The type of products that are observed are in accord with 

the many different geometrical forms that are possible for the C3H3 and C3H2[20, 25, 27]. 
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Table I 

Primary and Secondary Signal Counts 

for the Hand H2 peaks at a 90° detection angle 

Total Number 
Reaction of Counts 

Primary C3H4-+C3H3+H 83.967 

C3H4-+C3H2 + H2 19.430 , 

Secondary C3H3-+C3H2 + H 108.543 

C3H3-+C3 + H2 4.163 

C3H2-+C3+H2 2.289 

Relative 
Yields 

0.81 

0.19 

0.96 

0.04 

15 

The total number of counts in this table has been corrected for the number of laser shots and 

the relative ionization cross section of Hand H2. No correction was made for the difference in 

the velocities of Hand H2. The Laser fluence was 2.5 J/cm2. 
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Figure Captions 

Fig. l. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Newton Diagrams for the Primary Photodissociation channels in the photolysis of 

allene at 193 nm. 

Time of Flight spectra for m/e = 39 at 7 and 10 degrees. The points are data and 

the solid line is the fit obtained using the forward convolution technique. The 

translational energy distribution used for this fit is shown in Fig. 3. The data are 

non:nalized (as in all the figures) to 104 laser shots. 

Translational energy distribution curves, P(ET), for the two primary processes, 

reaction 3 and 6, in the allene photodissociation at 193 nm. These were used to 

fit the time of flight data shown in Figs. 2 and 5. 

Time of flight spectra for m/e = I and 2 taken wi,th the RD machine. The solid 

line through the points represent the total fit made of the following components: 

In the m/e = I data, Reaction 3(-·_·, dash-dot) and Reaction 5 (---, dash); in the 

m/e = 2 data, Reaction 6 (_._., dash-dot), Reaction 7 (---, dash), and Reaction 8 

(-, solid). 

Time of Flight spectra for m/e 38 at 7, 10 and 20 degrees. The points are data and 

the solid line is the fit obtained using the forward convolution technique. The 

translational energy distribution used for this fit is shown in Fig. 3. The 

components first appearing at this m/e are due to Reaction 6 (_._., dash-dot) and 

Reaction 5 (---, dash). The daughter ion of the Reaction 3 product formed by 

fragmentation in the ionizer is given by a solid lines. 

Translational energy distribution, P(ET), for the secondary photochemical processes 

that produce H or H2 products in the allene photodissociation at 193 nm. These 

were used to fit the time of flight data shown in Figs. 4, 6, 7, 8, 10, 11, and 12. 



Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig.IO. 

Fig.11. 
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Time of flight spectra for mle = 37 at 10 20 and 30 degrees. The points are data 

and the solid is the fit obtained with the P(ET)'s shown in Figs. 3 and 5. The 

component first appearing at this mle is due to Reaction 7 (---, dash). 

Components due to the daughter ions of other reactions (identified at higher 

m/e) formed by fragmentation in the ionizer appear as solid lines. 

Time of flight spectra for mle = 36 at 10, 20 and 30 degrees. The "oints are data 

and the solid line is the fit obtained with the P(ET)'s shown in Figs. 3 and 5. 

The component first appearing at this mle is due to Reaction 8 (---, dash). 

Components due to the daughter ions of other reactions (identified at higher 

m/e) formed by fragmentation in the ionizer appear as solid lines. 

Time of flight spectra for mle = 26 at 7, 10, and 20 degrees. The points are data 

and the fit obtained with the P(ET)'s shown in Figs. 3, 5, and 9. _ The 

-components first appearing at this mle are due to Reaction 9 (---, dash) and 

Reaction 11 (-"-', dash-dot). Components due to the daughter ions of other 

reactions (identified at higher m/e) formed by fragmentation in the ionizer 

appear as solid lines. 

Translational energy distributions curves for non-hydrogen producing secondary 

channels. 

Time of flight spectra for mle = 2-5 at 7, 10, 20 and 30 degrees. The points are 

data and the solid line is the fit obtained with the P(ET)'s shown in Figs. 3, 5, 

and 9. The component first appearing at this mle is due to Reaction 10 (---, 

dash) and makes a small contribution. Components due to the daughter ions of 
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other reactions (identified at higher m/e)"formed by fragmentation in the ionizer 

appear as solid lines. 

Fig.12. Time of flight spectra for m/e = 24 at 20 and 30 degrees. The points are data and 

the solid line is the fit obtained with the P(ET)'S shown in Figs. 3, 5, and 9 . 
. , 

Reaction 10 is indicated by (---, dash). Components due to the daughter ions of 

other reactions (identified at higher m/e) formed by fragmentation in the ionizer 

appear as solid lines. 

Fig.13. Time of flight spectra for m/e = 12 and 13 at 10 degrees. The points are data and 

the solid line is. the fit obtained with the P(ET)'S shown in Figs. 3, 5, and 9. The 

following components are indicated: In the m/ e = 13 data, Reaction 10 (- - -, 

dash) and Reaction 9 (_o_., dash-dot): in the m/e =12 data Reaction 10 (---, 

dash), Reaction 9 (_'_0, dash-dot) and Reaction II (_"_0', dash-dot-dot). 

Components due to ·daughter ions of reaction products identified at higher m/e 

appear as solid lineso 

Fig.14 Schematic of Proposed Dissociation Mechanism 

'.< 
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