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Using a crossed lasemolecular beam scattering apparatus, these experiments photodissociate ethyl chloride
at 193 nm and detect the Cl and ethyl products, resolved by their center-of-mass recoil velocities, with vacuum
ultraviolet photoionization. The data determine the relative partial cross-sections for the photoionization of
ethyl radicals to form gHs™, C;H,", and GHs;™ at 12.1 and 13.8 eV. The data also determine the internal
energy distribution of the ethyl radical prior to photoionization, so we can assess the internal energy dependence
of the photoionization cross-sections. The results show that the"Ct H and GHs* + H; dissociative
photoionization cross-sections strongly depend on the photoionization energy. Calibrating the ethyl radical
partial photoionization cross-sections relative to the bandwidth-averaged photoionization cross-section of Cl
atoms near 13.8 eV allows us to use these data in conjunction with literature estimates of the Cl atom
photoionization cross-sections to put the present bandwidth-averaged cross-sections on an absolute scale.

The resulting bandwidth-averaged cross-section for the photoionization of ethyl radicaldstor@ar 13.8
eV is 8+ 2 Mb. Comparison of our 12.1 eV data with high-resolution ethyl radical photoionization spectra

allows us to roughly put the high-resolution spectrum on the same absolute scale. Thus, one obtains the

photoionization cross-section of ethyl radicals tgHg" from threshold to 12.1 eV. The data show that the
onset of the @H,™ + H dissociative photoionization channel is above 12.1 eV; this result offers a simple
way to determine whether the signal observed in photoionization experiments on complex mixtures is due to
ethyl radicals. We discuss an application of the results for resolving the product branching inttlayd
bimolecular reaction.

I. Introduction toionization of ethyl radicals near 12.1 and 13.8 eV, and it
o determines the cross-sections for producing both the parent ion
I_Electron bom_bardment ionization serves as a powe(ful (C.Hs*) and two daughter ions (B4 and GHs*) relative to
universal detection method for the study of product branching ¢ atoms at the higher photoionization energy. Using literature
in unimolecular and bimolecular reactions, but extensive dis- oqtimate®13for the photoionization cross-section of Cl atoms
sociative ionization can complicate the interpretation of observed 4; 13 g eV and averaging over the bandwidth of our photoion-
signals. Whereas low-energy electron impact ionization can j;aiion source allows us to calculate the absolute cross-section
substantially reduce dissociative |0n|zatPor§|ngIe-photon. for photoionization of the ethyl radicals. Because our data
ionization is increasingly the method of choice for detecting gigperse the nascent neutral ethyl radicals by the kinetic energy
polyatomic products. To improve the usefulness of _th|s_detect|on imparted in the dissociation of the ethyl chloride photolytic
method, however, one needs an accurate determination of bo“’brecursor, and thus by the internal energy of the ethyl radical,

the total photoionization cross-sections and the partial photo-\ye can also determine the internal energy dependence, if any,
ionization cross-sections for dissociative ionization. Decades of ¢ ihese photoionization cross-sections. Finally, the data allow

research have established photoionization cross-sections forg o put prior measuremeftsof the photoion yield curve

many stable polyatomic mole_culé7sbut_characterlzmg the  measured for the photoionization of ethyl radicals at high
electron impact* or photoionizatiof” (using a method analo-  resoiution on a roughly absolute intensity scale, yielding the
gous fo that in ref 3) cross-sections of radicals and excited- pnotojonization cross-section of ethyl radicals to form parent

state species presents a more difficult challenge. C,Hs" from threshold to 1020 A.
Even at threshold, photoionization of a polyatomic radical
can result in dissociative ionizatid?,and the photoionization . Experimental Method

efficiency can depend on the internal enéfgand electronic ) o )

staté! of the radical being ionized. Thus, it is important to A detailed description of the experimental apparatus appears
characterize both the photoionization energy dependence ancf!sewheré>’ so only the pertinent details are given below.
the internal energy dependence of the partial photoionization The velocity distributions of the Cl atoms and ethyl radical

cross-sections. This study investigates the low-resolution pho-Photofragments of ethyl chloride were measured with the
rotating-source, crossed lasenolecular beam apparatus on the

i o 21A1 U9/Chemical Dynamics Beamline at the National Syn-
T Part of the “Giacinto Scoles Festschrift”. . . .
*To whom correspondence should be addressed. E-mail: I-butler@ Chrotron Radiation Research Center (NSRRC) located in Hsin-
uchicago.edu. chu, Taiwan. A neat beam of ethyl chloride §9.7% purity,
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Aldrich) at room temperature (21C) and a backing pressure

of 350 Torr was expanded through an Evéravie pulsed valve

with a 0.4 mm orifice at 50C operating at 70 Hz. The speed
distribution of the molecular beam was determined using a
chopper wheel placed 6.75 cm from the detector. The short flight
path necessitated taking considerable care in measuring the
timing offsets inherent in the measurement (e.g., the molecular
beam passed a chopper slit a quarter revolution after the
photodiode sync pulse, so correcting for a rotation frequency
of 199 rather than 200 Hz results in a 628 difference). The } } t t
peak in the number density distribution of molecular speeds mle = 35, CI"

was 730 m/s with a full-width-at-half-maximum of 26%. S ees

A Lambda Physik LPX 220 ArF laser, operating at 193.3
nm, photodissociated the ethyl chloride to produce momentum-
matched Cl atoms and ethyl radical photofragments in a 1:1
ratio, allowing us to calibrate the relative photoionization cross-
sections. The laser operated at 70 Hz, and the measured pulse
energy for each spectrum ranged from 10 to 12 mJ per pulse,
well below the saturation level of ethyl chloride. The focused } } } }

mle =35, CI
15 degrees
13.8eV

Signal counts

4

laser beam produced a roughly rectangular pattern 8.5 mm tall 3 . m/e = 35, Cl
by 2.5 mm wide, which intersected the3 mm diameter 30 dogroes

molecular beam at 90n the interaction region. The recoiling ]
photofragments traveled a neutral flight distance of 10.05 cm F ]
to the ionization region, where they were ionized with tunable ]
vacuum ultraviolet (VUV) synchrotron radiation. Photoioniza-
tion energies were chosen by tuning the U9 undulator gap, and
the VUV beam was definedyba 7 mm diameter circular =
aperture. To interpret bandwidth-averaged cross-sections, we . L . .
used the resolution of the VUV light source, using the same % % iy * oo

Time-of-Flight (microseconds)

aperture, de.ter.mlr!ed from me.asurlng sulfur aFom spe.ct.rallﬁnes Figure 1. TOF spectrum of the Cl atoms from the photodissociation
near 9.6 eV; this gives a full-width-at-half-maximutE divided of ethyl chloride. The data are shown in solid circles, and the forward

by the peak energy of 4.2%. Finally, we apply a correction convolution fit to the data (solid line) is calculated from the total recoil
determined by Y.-Y. Lee in unpublished data that spectroscopi- translational energy distribution in Figure 2. All spectra were taken at
cally recalibrated the nominal photoionization energy calculated @ Photoionization energy centered at 13.8 eV. The angle between the

19 molecular beam and the detector was 15, 25, anth3Be top, middle,
from the undulator gap over the range—iB1 eV. Thus, for and lower frames, respectively. We do not fit the small feature near

photoionization spectra taken at an undulator gap of 33 mm in e 78,5 flight time becuase its presence depended on the relative
this work, this gap corresponds to a nominal energy of 13.79 timing with the Even-Lavie pulsed valve, so it likely comes from a
eV. However the actual spectrum of the light peaks near 13.77 small fraction of molecular clusters in the beam.

eV when we apply the energy shift. For photoionization spectra

taken at the nominal energy of 12.14 eV, the actual spectrum multichannel scalar and the later arrival of the laser pulse at
of the light peaks near 12.08 eV when one applies the correctionthe crossing point of the laser and molecular beam.
determined with the smaller aperture. Higher harmonics of the

VUV radiation were filtered out using a rare gas filter at about 1ll. Results and Analysis

10 Torr. ] L . The data measure the signal from the Cl and ethyl radical
After traveling through the ionizing region, the photofrag-  ,hstofragments produced in a 1:1 ratio from the photofragmen-
ments were ionized and mass selected using an Extrel 1.7 MHZ4ti0n  of ethyl chloride at 193 nm, detecting the neutral
quadrupole mass spectrometer and were counted with a Dalyfragments with VUV photoionization. This allows us to
detector. A multichannel scaler recorded the total time-of-flight getermine the ratio between the partial photoionization cross-
(TOF) of the photofragments in traveling from the interaction gection of ethyl radicals to its parent iom/e = 29 (GHs")
region to the Daly detector. The TOF spectra are forward and the photoionizaton cross-section of Cl atoms near 13.8 eV.
convolution fit to determine the recoil translational energy Because we disperse the ethyl radical photofragments by the
distribution for the C-Cl bond fission events that produced ethyl  velocity imparted in the €CI bond photofission, and thus by
radicals and momentum-matched Cl atoms. Energy conservationtheir internal energy, we can also assess any internal energy
then allows us to identify the internal energy distribution of dependence to the measured photoionization cross-sections. The
the detected ethyl radicals. The flight times depicted in the data then determine the relative partial photoionization cross-
figures herein are the sum of the neutral photofragment flight section of ethyl radicals detectedrate = 28 (GH4™) and 27
time (from a velocity determined by the vector sum of the (C;Hs™) from the dissociative ionization of ethyl radicals at two
center-of-mass velocity and the recoil velocity imparted to the relatively high photoionization energy ranges near 12.1 and 13.8
photofragment in the photodissociation) and the ion flight time eV.
through the mass spectrometer. The latter is calculated using Figure 1 shows the measured TOF spectra of Cl atoms from
the apparatus’ measured ion flight constant of Jg@Gmu /2, the 193 nm photodissociation of ethyl chloride, detecting the
All of the TOF spectra and their associated fits are corrected Cl atoms with VUV photoionization at 13.8 eV with a 4.2%
for the 1.54us timing offset between the triggering of the bandwidth. The distribution of energies imparted to recoil kinetic
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Figure 2. The total recoil kinetic energy distribution for-Cl bond i 12.1 eV

fission in ethyl chloride photodissociated at 193 nm. This distribution
was derived from forward convolution fitting of the Cl atom TOF
spectrum shown in Figure 1. It is used to identify the ethyl radical
products formed in conjunction with the Cl atoms in the other TOF
spectra in this paper and to determine the neutral radical kinematics
for interpreting the measured signal in each spectrum.
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Figure 4. TOF spectrum of the ethyl radical photoproducts detected
atm/e = 29 (GHs") with 13.8 eV photoionization (upper frame) and
12.1 eV photoionization (lower frame). The data are shown in solid
circles, and the forward convolution fit to the data (solid line) is
calculated from the total recoil translational energy distribution in Figure
2 that was derived from the Cl atom spectra in Figure 1. The angle
between the molecular beam and the detector wasE2ieh spectrum

was accumulated for 200 000 laser shots, and the background was
Figure 3. The internal energy distributiorg: c,1s) of the ethyl radicals subtracted by taking additional data without the laser light.

from C—CI bond fission in ethyl chloride derived from the measured

recoil kinetic energy distribution in Figure 2 using conservation of atoms in the top frame and tuning the undulator gap to obtain
energy Eincas = M + Eparent— Do(C—Cl) — Er = 147.8+ 0.92— 12.1 eV photoionization energy radiation in the bottom frame.

82.57 — Er) is shown superimposed on the zero-point corrected Y . e oA
energetics for the &is — H + C,H, reaction calculated at the CCSD- The solid line fit shows the time-of-arrival spectrum of the ethyl

(T)/aug-cc-pvtz level of theory in ref 20. (The calculated energetics radical prOdu_CtS Pred'Cted from theBRy in Figure 2. _
agree well with the experimentaiH at 0 K of 35 kcal/mol for the The data in Figures 1 and 4 allow us to determine the
C,Hs — C:H4 + H reaction.) Radicals formed in conjunction with  photoionization cross-section of ethyl radicals at 13.8 eV,
CI(*P12) would have a lower internal energy by 2.52 kcal/mol. This averaged over the bandwidth of the photoionization source
.shqws.that all of the signal§ fit in our spectra are fror.n. dissociat.ive relative to that for Cl atoms because the two are produced in a
8”;ﬁgt'ﬁ]rt'e‘3rgztla:r:zg;‘¥lsri'"r‘]d'rg";‘ésti'ovr:’?;ﬁgf‘za;hnaf/ﬁ)f;%';';'cam fraction 1.1 ratio in the photodissociation. Using TOF spectra at Cl

’ and GHs™, taken consecutively and detected at 13.8 eV, we
energy (PEr)) between the Cl and ethyl radical photofragments integrate the signal in each spectrum, normalizing each to
is determined by a forward convolution fit of this spectrum; 100 000 laser shots, and divide each integrated signal by a
the resulting FEr) is shown in Figure 2. It extends from near correction factor that accounts for the expected signal due to
30 to over 50 kcal/mol; therefore, the momentum-matched ethyl the three-dimensional scattering kinematics in the photodisso-
radical co-fragments are produced with internal energies rangingciation, the differing transit times through the ionization region
from roughly 15 to 35 kcal/mol. We note that, because theC due to the neutral fragment velocities, the appropriate Jacobian
bond breaks with high partitioning of energy to recoil kinetic factors, and the range over which we are integrating the signals
energy, a considerable fraction of the internal energy may be (e.g., if we do not integrate the entire range of the signal, the
in ethyl radical rotational energy, not vibrational energy (an correction factor by which we divide the integrated signal is
impulsive prediction from the equilibrium geometry of ethyl smaller). We also correct for the fraction (0.7578) of Cl atoms
chloride gives an impact parameter that requires 11.2 kcal/mol which are3°Cl, because we detect the ethyl radicals that are
to be partitioned to rotational energy when 30 kcal/mol is momentum matched to both isotopes of Cl, but we only detect
partitioned to recoil kinetic energy). The lowest measured recoil 3°Cl. Because ethyl radicals can, and do, dissociatively ionize
kinetic energies in the €CI bond fission produce ethyl radicals at these photoionization energies, we report the result as
with high internal energies, near the energetic baitier the the partial photoionization cross-section ofHg to CoHs™
radical to dissociate to H C;H4, as shown in Figure 3. Figure  (ocHyc,Hst), Which is the product of the total photoionization
4 shows the measured TOF spectra of the ethyl radical cross-section and the fraction of ionized species that appear at
co-fragments detected at parent ian/'d = 29) upon VUV parent ion. Integrating the €kignal from channels 65 through
photoionization with the same 13.8 eV light source as the Cl 76 and the @Hs" signal from channels 57 through 68 and using

Energy (kcal/mol)

0
2Ms
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the PEr) in Figure 2 to make the appropriate corrections for [ T T T T T
these integration ranges and the differing neutral fragment [

kinematics for Cl atoms and ethyl radicals, we obtain: ! 1 mie=28,C H,~ 7
25 degrees
13.8 eV

OCHJCHs" (integrated counts atZEI5+) (75.78)
Ocicr integrated counts &tcCl* /\ 100

expected Cl signall _ | 983(75.78/.024Y _ 0.32
expected GH; signa 2955\ 100 /1.019 '
)

The uncertainty in this result is roughly 20%. The restricted
time at the light source precluded the normal procedures for
averaging out drifts in photoionization and molecular beam
. S I 25 degrees
intensities. [ y 12.1eV ]
To derive an absolute partial photoionization cross-section [ .,
for CoHs™, we must multiply the ratio above by the bandwidth- F . . . . 1
averaged photoionization cross-section of Cl atoms. The high- F . Lt .
resolution photoionization spectrdfnof Cl atoms measured [ .. o A . ~.
from threshold to 750 A includes multiple sharp and broad ——" S—— *
resonances, but when averaged over our 4.2% fwhm photoion- P, ° . :
ization source, the cross-section shows little variation near 13.8
eV. (We calculated the bandwidth-averaged cross-section by [ . *
digitizing the portion of the high-resolution photoionization [
spectrum in ref 12 from 12.93 to 14.4 eV at energy increments s s v 70 2 YT
of 0.005 eV and averaging the cross-section over the 4.2% fwhm Time-of-Flight (microseconds)
photoionization source.) Calculating the bandwidth-averaged
cross-section of Cl atoms near 13.8 eV from the 1983 Figure 5. TOF seectr_um of the ethyl rgdigal photoproducts detected
experimental photoion yield curve measured by Ruscic and 8Le =28 (GH.") with 13.8 eV photoionization (upper frame) and

. . 12.1 eV photoionization (lower frame). The data are shown in solid
12
Berkowitz* yields a value of 27.9 Mb. However, that work circles, and the forward convolution fit to the data (solid line) is

put the _measure_d photoion yield curve on an a!osolute sca!e usinG:alculated from the total recoil translational energy distribution in Figure
theoretical predictions for the cross-section in the continuum 2 that was derived from the Cl atom spectra in Figure 1. (In the lower
just beyond théS, threshold, which at that time were 40.2 Mb.  frame the fit is shown to indicate where the signal would have
Based on subsequent experimental and theoretical valuesappeared.) The angle between the molecular beam and the detector
Berkowitz'3 recommends a slightly lower cross-section of 34.2 was 25, Each spectrum was accumulated for 200 000 laser shots, and
- . . "~ the background was subtracted by taking additional data without the

Mb in the continuum beyond the&, threshold, which corrects oo, light.
our bandwidth-averaged cross-section of Cl atoms to 23.7 Mb
at 13.8 eV. Using this correction puts the results in this paper
on the same scale as a recent determination of the photoion- ) ] . )
ization cross-sections of vinyl and propargyl radicalEhus, not shown in the first equation below, comparing theHe
multiplying our experimentally determined ratio in eq 1 by 23.7 and GHs" signals, as it is essentially unity). The results for
Mb gives an absolute ethyl radical partial photoionization cross- photoionizing with our broad bandwidth centered at 13.8 eV
section of 84+ 2 Mb. are as follows.

We also took data to determine the partial photoionization
cross-sections of ethyl radicals teH;+ and GHs™, the latter : N
via a well-studied dissociative ionization of ethyl radicals to “chgcH,  [integrated counts atl,"| (1793

+ . - -
CoHst + Ha. Flgures 5 and 6 show the measured TOF spectra Ocpycne  \integrated counts at265+ 083
of the ethyl radical co-fragments detectedré = 28 andm/e
= 27 upon VUV photoionization with the same 13.8 eV light . 4 18@13.8eV
i i g IcHJCH  [integrated counts at 8

source at the Cl atoms in the top frame of each figure and tuning _~2"'s"™2"s" _ 3
the.urjdul_ator gap to obtain 12.1 eV .photoionizatio.n energy ocu cH+  \integrated counts at 255+
radiation in the bottom frame of each figure. The solid-line fit _ _ _ _
in each shows the TOF spectrum of the ethyl radical products [expected signal im/e = 29 integration range_ 185

Signal counts

- +
m/e = 28, CzH4

predicted from the FHy) in Figure 2. Clearly, at 12.1 eV the expected signal im/e = 27 integration range | 983
dissociative ionization of ethyl radicals to producgHg' is not

a significant channel, but at 13.8 eV the cross-section for this .0195

dissociative ionization process is nearly double the cross-section .0191) 1L9@138eV ()

for producing parent ion and is nearly equal to that for producing

C,Hs™. We calculate the cross-sections for dissociative ioniza- )
tion relative to that for producing parent ion by integrating the !N contrast, when one uses 12.1 eV photons for the photoion-
C,H,* data from channels 57 to 68 and thgHgt from channels ization, the dissociative ionization of ethyl radicals tgHg" is
56—-65, and we make the appropriate corrections for the almost negligible, whereas thel@z™ channel is still significant.
integration range and the kinematics and other apparatus factorsThe results from integrating the data in the lower frames of
as described in eq 1 above (The ratio of correction factors is Figures 5 and 6 are as follows:
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OchgcH+ [integrated counts at8,"| [116+ 88 f DA
= = = [ mie=z7, 23

GCZH5/C2H5+ integrated counts atZG; 1553
0.07+ 0.06

25 degrees
13.8 eV

Ocugch,s  [integrated counts at@8l,"

OchjcHs  \integrated counts at8ls "

expected signal im/e = 29 integration range_ [1351

expected signal im/e = 27 integration ran 155

.019
.019

This result provides a way to definitively characterize the
signal from the photoionization of ethyl radicals. Ethyl radicals
give a good signal atne = 27, 28, and 29 using 13.8 eV
photoionization but only atn/e = 27 and 29 using 12.1 eV
photoionization. Interestingly, although the appearance of dis-
sociative ionization to ¢H4" is clearly strongly dependent on
ionization energy, there is not a large dependence on the internal
energy of the radical. The fits to all of the spectra above, at the
m/e = 29 parent and theve = 28 and 27 daughter ions, are
done assuming that the bandwidth-averaged photoionization
cross-section of ethyl radicals is independent of the radical’s X
internal energy from 15 to 35 kcal/mol. This assumption closely o T e T T T e e e
fits the high signal-to-noise (S/Nie = 29 spectrum in Figure Time-of-Flight (microseconds)

4, a poor fit t_o the Spectrum is obtained if one assumes that theFigure 6. TOF spectrum of the ethyl radical photoproducts detected
photoionization cross-section of ethyl radicals with an internal atnve = 27 (GHs*) with 13.8 eV photoionization (upper frame) and
energy of 35 kcal/mol is twice that of an ethyl radical with an 12.1 eV photoionization (lower frame). The data are shown in solid
internal energy of 15 kcal/mol. Prior work by Fan and Pfatt  circles, and the forward convolution fit to the data (solid line) is
investigated the internal energy dependence of the 9.67 e\ calculated from_the total recoil translational energy distribution in Figure
photoionization of ethyl radicals and concluded that there was 2 that was derived from the Cl atom spectra in Figure 1. The angle

. tiall int | d d " in the photoi between the molecular beam and the detector wasa@8 the spectra
essentially no internal energy daependence: in the photoion- ;, e ynper and lower frames were accumulated for 100 000 and

ization cross-section for ethyl radicals produced with internal 200 000 laser shots, respectively. The background was subtracted by
energies ranging from 0.2- 1.1 eV. However, if one re-  taking additional data without the laser light. The small shoulder near
examines the results presented in Figure 7a of that paper, theythe 66us flight time is not fit or integrated because it not momentum-
suggest that the lower internal energy ethyl radicals do indeed matched to the reproducible main feature in the Cl atom spectra.
exhibit an internal energy dependent photoionization cross-
section.

Ruscic et ak* measured the high-resolutiont@s* photoion

= 89@12.1eV (3)

Signal counts

m/e=27,C 2H 3 b

25 degrees
12.1eV ]

should not be trusted to better than 50%. Nevertheless it provides
a crude reference point for establishing the partial photoion-

yield curve for ethyl radicals from 1550 to 1020 A. Because Zation cross-section of ethyl radicals toHG" near 1020 A.

we have determined the absolute photoionization cross-sectionUnfortunately, the published high—rgsolutiqn spectrum was
of ethyl radicals to GHs" at 13.8 eV, and also collected data at plagued by background subtraction issues in this short wave-

12.1 eV, we can crudely estimate the photoionization cross- €N9th region, so, again, the absolute calibration of the ethyl
section of ethyl radicals to 5" at 12.1 eV from the relative radical partial photoionization cross-section from 1500 to 1020
signal intensities, and in this way we provide a point from which A is only roughly determined by this comparison. (We chose

to establish an absolute scale for the high-resolution photoion 12-1 €V as the second photoionization energy for this study to
yield curve measured by Ruscic et al. Although there are better characterize the marked onset ofrtfie= 28 dissociative

substantial errors in this estimate described below, this informa- photoionization channel of ethyl radicals.)
tion, even if it is good to a factor of 2, is important as others
seek to estimate their photoionization detection sensitivity to
ethyl radicals using different photon sources because they are The data presented here establish the partial photoionization
typically narrower in bandwidth and at lower energies than our cross-sections for ethyl radicals to parent ion and two dissocia-
13.8 eV source. To roughly determine the photoionization cross- tive ionization channelsy/e = 28 and 27, at 13.8 and 12.1 eV
section at 12.1 eV, we compare the integrated signals at theseand the absolute ionization cross-section of ethyl radicals to
two photoionization energies in our experiments, and we attemptform C;Hst at 13.8 eV. It also uses data near 12.1 eV to provide
to correct for any long-term drifts in experimental conditions. a rough calibration of the entire high-resolutiosHz™ photoion

The photoionization photon flux is nearly the same at 13.8 eV yield spectrum of ethyl radicals measured by Ruscic ét al.

as at12.1 eV, so it does not require a correction. The integratedfrom onset to 1020 A. That high-resolution photoionization
signal atm/e = 29 increased from 983 counts at 13.8 eV to spectrum definitively established the adiabatic ionization energy
1553 counts at 12.1 eV, suggesting the bandwidth-averagedof the ethyl radical as 8.11#% 0.008 eV (earlier work had
cross-section at 12.1 eV is roughly 16 Mb, but this value is reported a higher value as the adiabatic ionization energy reaches
uncorrected for drifts in other experimental conditions over the a bridged structufd23of the ion that has poor FranelCondon

5 h period between the two measurements. Therefore, this valuefactors). In addition, the dissociative ionization channel via H

IV. Discussion
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