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Photofragmentation of third-row hydrides following photoexcitation at deep-core levels
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The relaxation dynamics of HCI, DCI, 4%, and BS following photoexcitation in the vicinities of the Cl and
S K-shell thresholds 2.8 keV for Cl, ~2.5 keV for § were studied by means of ion time-of-flight mass
spectroscopy. In all cases, the onset of pre-edge core-shell photoionization precedes the formation on reso-
nance of a significant amount of neutral hydrogen as well as postcollision-interaction effects above threshold.
Examination of the width of the H peak in spectra taken with the analyzer parallel and perpendicular to the
polarization vector of the incident light indicates that on resonance, the photofragmentation asymmetry param-
eter, 8, is approximately two for HCI, and is clearly positive fop$l [S1050-2947@8)08211-(

PACS numbe(s): 33.80.Gj, 33.80.Eh

Time-of-flight mass spectroscopy and coincidence mea- I. EXPERIMENT
surements of atoms and molecules are relatively well-
understood techniqud4—3]. Coupled with the high bright- The experiments were performed using soft-x-ray SR
ness and high resolution of synchrotron-radiati®®?)  from beamline 9.3.1 at the Advanced Light Sou(é&S) in
sources, these techniques have proven useful in elucidatirfderkeley, Californig16—18, and at the National Institute of
some of the multitude of electronic and fragmentation decayptandards and Technology/Argonne National Laboratory
pathways available to core-excited systems. To date, the vaggamline X-24A at the National Synchrotron Light Source

majority of these studies have concentrated on relaxation ShLS)AiCSBrookQavg_n, New Yorl¢l{)19,2(li_]. Beam”F'e gths.lz 6
systems following excitation of a shallow-core electron,at the Is a bending magnet beamline covering the 2—

i 1
where shallow-core levels are those that can decay electror#—ev (62 A) photon-energy range. It provides a flux of10

; : ; hotons §? in a narrow bandpass<(0.5 eV) by means of a
cally only through interaction with valence-shell electronsP , “ 3
(e.g){ Clyzp Brg 3d). In contrast, the present measur(_}_two—crystal [Si(11D)] “Cowan-type” monochromator. Fo-

; d level tatiofi Cl 1s cusing is provided by a pair of matched toroidal mirrors
ments focus on deep-core-leve excl a_loﬁsa., ’ before and after the monochromator. At beamline X-24A, a
S 1s). Deep-core holes have shorter lifetimes and typicallygimijar double-crystal monochromator provides a resolution

relax through Auger decay to create shallow-core holes. Beg/A E=5000-10000 in the 2—6-keV photon-energy range.
cause of this extra decay step, deep-core-excited systemSioroidal mirror downstream from the monochromator pro-
have a much wider array of pathways by which they canjides focusing, while a spherical mirror upstream collimates
relax and usually produce much more highly charged rethe beam and limits the amount of power incident on the first
sidual ions by means of a stepwise series of decays known agonochromator crystal. Both beamlines deliver a soft-x-ray
a vacancy cascadéd]. beam with a brightness of 18-10' photons s mm2
Gas-phase HCI and 4% serve as interesting systems tomrad 2 eV~
study for a number of reasons. In both cases, the core-level Photon-energy calibration is achieved by scanning the
spectroscopy is well understoof5—7], and electron- monochromator through thesthreshold region while moni-
spectroscopy measuremefi8s-12 following shallow-core-  toring the total-ion yield(Fig. 1) with the TOF analyzer.
level excitation have been performed. Both molecules ar€omparing features, particularly subthreshold resonances, in
also isoelectronic with Ar for which ion-spectroscopy mea-these absorptionlike spectra to previously measured photoab-
surements followingK-shell excitation are availablgl3—  sorption result§5—7] determines the photon energy with an
15], thus allowing a useful comparison between atomic andiccuracy of+0.2 eV. Calibration is checked periodically
molecular decay pathways. Because HCI ap& ldre chemi- over the course of an experiment to compensate for small
cally identical to DCI and BS, it is also useful to study the drifts (<1 eV) primarily caused by heating of the first crys-
deuterated systems in order to determine the changes in fratgls of the monochromatoff0].
mentation kinematics that result. The time-of-flight mass spectrometé¥ig. 2) is divided
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FIG. 3. Argon spectrum taken at a photon energy above the
K-shell threshold(3205 eV} at beamline 9.3.1 during ALS two-
. . . . e - ... bunch operation. See text for an explanatiorx@ixis scaling.
by stainless-steel plates into five regions of differing width

and electric field strength. In the center of each plate is agnq giscriminator settings are selected to ensure uniform de-
aperture covered with high-transmissi@®0% conducting tection efficiency for all ions and charge sta{dS]. The

wire mesh to minimize field distortions. The first region, ion-TOF mass spectrometer has apertures of 254 mm, the
between the pusher plate and first grid, is referred to as thg e diameter of the MCPs. Simulations suggest that at
extraction region. It_ is here that a hollow grounded needl§,, 1 inal operating voltages, there is no discrimination
serves as an effusive source of the gas under study. The,qinst jons created at the tip of the needle and ejected per-
pusher plate and first grid are held at approximately equahengicylar to the analyzer axis with kinetic energies up to 50
but opposite voltages, providing a uniform electric field with g\/ | order to determine the effect of ion angular distribu-
only a minimal distortion due to the needle. tion on collection efficiency, ion-TOF data were taken with

The second, third, and fourth regions are referred to as thg,o 4.is of the analyzer both parall@°®) andperpendicular
first-acceleration, drift, and second-acceleration regions, r 90°) to the polarization vector of the SR. Branching ratios

spectively. As the names imply, the acceleration regions ar f ionic fragments from HCI and 4§ are nearly identical for

areas of constant electrllc f'elq th_rou_gh which the IONS al§he two analyzer orientations, indicating that angular dis-
accelerated, while the drift region is field-free. The fifth andcrimination in the detection of ions, especially’ His negli-

final region is a short, field-free buffer region immediately ible
before the microchannel plat@glCPs, which serves to pre- gloe. P . : .

X ) P lon detection is accomplished using two MCPs in a chev-
vent feedback into the extraction region of electrons pro-

o RO ron configuration. The MCP signal is collected by a 30-
dl'.'ceq by ion impact on the MCPs, thus minimizing nc"‘]pho'matched-impedance conical anod&alileo Corporation,
toionization events.

The width and field strength of each region of the time-mOdeI TOF 2008 The pulse from the conical anode is sent

: ) O through a preamplifier, if necessary, then to a constant-
of-flight mass spectrometer is optimized for the 656-ns O 4 action discriminator (CFD), which provides a time-to-
bital period of the ALS while maintaining spatial resolution ;

: " ) amplitude converte(TAC) with a logic pulse whose timing
through space focusir[d]. In addition, acceleration voltages is unaffected by the signal amplitude. The TAC serves as a

nanosecond stopwatch to determine flight times of individual

FIG. 1. Total-ion-yield spectrum for HCI.

Pusher Plate / ® Ring Timing —» ions with respect to the SR orbital pulse signal and outputs
= — | Timing an analog signal to an analog-to-digital convertADC)

Gasmiet | /& Extraction Electronics with amplitude proportional to the time difference between

'S the start and stop signals provided to the TAC. The ADC

< > 1st Acceleration

converts the signal to a digital number and transmits it to a
N multichannel analyzer.

Drift The experimental setup was tested at the ALS. Results for
PC Ar are shown in Fig. 3. Because of the double-bunch mode
2nd Acceleration of operation at the ALS, two spectra, indicated by labels
= = above or below the baseline, respectively, are observed. The
time axis gives the correct flight times for peaks with labels
below the spectrum. Flight times for all peaks in the second
spectrum(labels abovg are shifted by+328 ns, the time
separation between two ALS bunches. The ultimate timing
Signal Out —» resolution for the experiment can be determined from the
widths of the prompt peaks resulting from light scattered
FIG. 2. The ion time-of-flight mass spectrometer. from the sample onto the detector. These peaks, which have

MCP Detector
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in the storage ring. The start pulse for the timing circuit is
provided by the detection of an individual ion, and the ring
timing pulse, produced by the periodic pulsing of the SR

*. | (328 ns for ALS two-bunch, 567 ns at NSL,$rovides the
.. ] stop signal. Thus the ion-TOF singles spectra are inverted
relative to actual flight time$i.e., slower ions appear to the
left). In addition, because the ALS operates in 2-bunch
mode, peaks due to the slowest ions “wrap around” in the
narrower time window. The singles spectra in Fig. 5 show
v that photofragmentation dominates and that the fragment at-
I oms often have a high degree of ionization. Indeed, the mo-
lecular ions HCT and DCI" are a product of less than 1% of
the photointeractions, and the molecular ion "HB pro-
duced in fewer than 3%. These spectra also provide an indi-
cation of the resolution of the spectrometer. For Kgg. 5
and DCI(not shown, the isotopes™®Cl (75.77% and 3Cl
(24.23% are well resolved. The isotope€S (95.02% and
345 (4.2199 are also easily distinguished in8 spectraFig.
a flight time near zero, have a full width at half maximum 5). Because ions are measured in coincidence with the SR
(FWHM) of only 200 ps. The most intense peak in the specsignal, this method has an advantage over electron-ion coin-
trum, A", has a FWHM of 840 ps, while AF, the most cidence measurements because there is no need to correct for
efficiently space-focused peak, has a 600-ps FWHM. Thelifferences in detection efficiency that arise from the differ-
high time resolution observed is a result of the excellening numbers of free electrons associated with different
timing characteristics of the ALS and is an indication that thecharge stateg21].
analyzer design and construction were successful in achiev- In the PIPICO mode of operation, two ions from the same
ing good resolutiorf18]. molecule provide the start and stop signals for the timing
There are four modes of data collection with the ion-TOFcircuit (in this work H provides the start, and €l or '*
mass spectrometer: total-ion yieldl'lY), singles, total- provides the stop Thus the difference in flight time between
coincident-ion yield(TCY), and photoion-photoion coinci- two ions is measured, and the operation mode of the storage
dence (PIPICO. Total-ion yield spectra are recorded by ring is irrelevant. These measurements inherently discrimi-
scanning the monochromator around the ionization thresholdate against decay processes where the molecule does not
energy for a core-shell electron of the species under studylissociate, or where the molecule dissociates but one of the
The total number of ions detected is recorded as a function dfagments is neutral.
photon energy, producing a photoabsorptionlike cuiig. Data analysis is essentially the same for both PIPICO and
1). Interactions that result in relaxation through fluorescencaingles spectra. Spectra are taken at a number of photon en-
only are not recorded, however; this is only a small fractionergies in the Cl and &-shell region. Peaks are integrated in
of the total number of interaction events<{%). Total-  order to determine fractional yields, or branching ratios, as a

Intensity (Arb. Units)

2465 2470 2475 2480 2485 2490
Photon Energy (eV)

FIG. 4. Total-coincidence-yield spectrum fop$l

coincident-ion-yield curves are taken in a similar mannerfunction of energy.
monitoring the total number of coincidences between two

ions from the same molecul&i

In the “singles” mode, time-of-flight spectré-ig. 5) are
collected with only one or two electron bunches circulating

g. 4.

s* S4+ S5+

FIG. 5. TOF singles spectra of HCI and, 8l taken above the
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Il. RESULTS AND DISCUSSION
A. HCI, DCI

A total-ion-yield spectrum for HCI near the chlorir¢
edge is shown in Fig 1. The molecular orbital notation for

e the ground-state electronic configuration of both HCI and
I DCl is
@ [HCI
£ e 102 202 30% 17* core shells
£
< c* W cr ci ¢kt et 402 502 27* 60*° valence shells. 1)
>
g s2g3+ The first spectral peak in Fig. 1 is attributed to a resonance
£ transition from a chlorine 4 orbital to a 6* antibonding

orbital [5], which is comprised primarily of the atomic chlo-
rine 3p and hydrogen & orbitals. The second peak in Fig. 1
results from a superposition of transitions to the Rydberg
orbitals 70*,3#*, and &* derived from the Cl # and
higher atomic orbitals.

Figure 6 shows fractional ion yields obtained from HCI

Cl 1s and S & thresholds, respectively. Two isotopes of chlorine and DCI singles spectra, whereas Fig. 7 shows fractional

and sulfur are visible.

yields obtained from PIPICO spectra. As expected yields of
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FIG. 6. Branching ratios as a function of energy for HCl and  FIG. 7. Branching ratios as a function of energy for HCI and
DClI singles spectra. The €1 peak is omitted for clarity. DCI PIPICO spectra. The €I peak is omitted for clarity.

the CB*, CI*, and CP* charge states increase abovePhotoelectron following Auger decay. .
threshold, while yields of @ and CI* decrease. In the Structure is also visible in the region between the first
region below the &—60* resonance, changes in relative fésonance and thresho'ld. Thls is partlcu_larly true of the PI-
yields of different ionic states are visible in all of the frac- P'%? ylelicurvgf. While yields of the higher charge states
tional ion yields. The trend is reflected in the sharp increaséCl” . CI", CI") tend to follow the structure of the TIY

in the average charge stafféig. 8) at energies that are sev- SPectrum, yields for the lower charge states (CCI"")

eral linewidths below the resonanc¢knewidth is 1.86 ev  follow the TIY inversely. This is a result of the fact that the
[5]). We attribute this effect to pre-edge inner-shell photo-lOWer charge states are produced primarily by valence photo-
ionization [22], where the photoelectron is excited to the ionization, rather thai-shell photoionization. Because the
Lorentzian profile of a continuum stat23]. Previous studies C€'0SS section foK-shell photoexcitation increases dramati-
have observed the onset of this effect tens of eV below the

1s—4p resonance in Af24] and for more than 10 eV below
the first sulfurk-edge resonances in OCS and,22]. 34
The most prominent feature in Fig. 6, for both the HCI 32f PIPICO
and DCI data, is the dip in the fraction of hydrogen producec 3.01
on the l—60* resonance, which has been attributed to @ 28
production of neutral hydroge25]. The ratio of hydrogen ‘-,‘!; 26
ions to chlorine iongFig. 9 shows a drop in the hydrogen- ¢ 24[
to-chlorine ratio of 40% for HCI and 20% for DCI. Although % 221
DCI undergoes the same decay transitions as HCI, th § 29| )
amount of neutral hydrogen produced is less by about a fac o 8| HCI Singles
tor of two due to the fact that the heavier deuterium canno g 161 e pel Singles
escape the attractive potential of a'Clon as quickly asthe @ 14{ -
lighter hydrogen. < 12p o7, K-Shell
Immediately above the Clslthreshold, the fractional ion voro || Threshold ‘ .
yields (Fig. 6) for CI**, CI**, CP*, and H increase 4100 00 100 200 300 400 500
while for CP* there is a decrease in yield. The effect is . N
particularly pronounced in the PIPICO vyields. Similarly, the Photon Energy Relative to the 65 Resonance (eV)

average charge state shows an increase in the same region

(Fig. 8. These trends have been ascribed to postcollision FIG. 8. Average chlorine charge state for H€ircles and DCI
interaction(PCI) [26], where the photoion can recapture the (triangles singles and PIPICO spectra.
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FIG. 9. Ratio of hydrogefcircles or deuterium(iriangles ions £ (c) Resonance HCI 90°
detected to the sum of all chlorine ions in singles mode. ) ,
cally on resonance, the yields of the higher charge states 0017
increase, thus decreasing the fractional yield for the lower
charge states. Between the first and second resonances, ti
opposite is true, and the lowrshell cross section results in 0.00

an increase in the fractional yields of ‘Gl CI?*. A similar
effect is visible in the average charge cur¢Ef. 8), where
the subthreshold structure follows that of the absorption
Cross section.

Figure 1@a) shows the H peaks from HCI singles spec- FIG. 10. H" peaks from HCI singles spectr@) Data taken on
tra taken on the 6* resonance and at 50 eV above reso-resonancedotted ling, and 50 eV above resonan®lid line) with
nance with the analyzer parallel to the orientation of the pothe analyzer parallel to the polarization vector of the §i%.Data
larization vector of the SR. Areas in the peaks aret@ken 10 eV below resonanceotted, and 50 eV above resonance
normalized to one in order to obviate differences in the H (Solid) with the analyzer parallel to the polarization vector of the
peak shape caused by changes in the@arameter or the SR. (¢) Dgta tgken on resonanoidotted_ and 50 eV abov_e reso-
amount of kinetic energy released as a function of photoﬁance(solld) with the analyzer perpendlcular to the polarlfatlon of
energy. In this contexi3 is the parameter that describes the "¢ SR The labels on the topaxis correspond to the 0° plots,
angular distribution of photofragments in the well-known ex—Whlle labels on the bottom axis correspond to the 90° plot

ression for the differential photoionization cross section .
P P away from the detector contribute to the peaks at faster and

895 938 980 1065

Channel

27 ) . .

[27] slower flight times, respectively. The same effect was ob-
do o B served in ion-TOF studies of HCI after excitation of a Gl 2
TR 1+§(3 cogh—1)|. (2)  electron[28].

The energy released in fragmentatidij can be deter-
mined from the peak width using the expressiah

_(th)2 1
UO_ T %! (3)

Here o is the partial photoionization cross sectidh,is the
solid angle, and is the angle between the ejected fragment
and the polarization vector of the SR.

Within experimental error, both curves in Fig.(@Dhave
the same baseline width, indicating that both are the result of
fragments ejected with the same kinetic energy, and that difwhereq, E, t, andm are the charge, electric field in the
ferences in peak shapes are due to purely angular effectimiteraction region, peak width, and mass of the ion using Sl
These differences arise because of the well-defined symmeits. Equation(3) assumes that fragments are perfectly
try of the resonantly excited orbitdl.e., 66*); molecules space focused and that the electric field in the extraction
with their axes parallel to the polarization vector of the SRregion is uniform. Deviations from ideal conditions always
preferentially absorb incident photons. Following photoab-increase the peak width, thus the values calculated are upper
sorption by HCI, the molecule will, in most cases, fragment,bounds. As a test, the widths of peaks in argon singles spec-
and because decay and dissociation of the molecule occtra were found to be about 0.1 eV. Because the broadening in
rapidly compared to molecular rotations, fragments areargon can only be the result of instrumental broadening and
ejected parallel to the polarization vector. The double peakthermal energy, these spectra provide a good measure of in-
reflect orientation of the molecule due to selective excitationstrumental resolution, which in this case is much better than
Because of its smaller mass,"Hs ejected with a much the error in the HCI data. For HCI, on resonance, the average
higher velocity than CI'; H' ions ejected toward and energy released, as measured by the time between the
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maxima of the peaks, is 13) eV, while the most energetic ‘ ' ' ‘ H.S
ions have an energy of about(@3eV. 0.70 f WZ 1
Figure 1@b) shows H peaks from HCI singles spectra K A_’w H*

taken 10 eV below and 50 eV aboves-}60* resonance 0.60 | -

with the analyzer in the 0° orientation. It is clear that below
resonance the Hpeak is narrower than above resonance. At
50 eV above resonance, the leak has a width of 23) eV
(FWHM), while the H" peak for the 10-eV-below spectrum
is 182) eV wide (FWHM). An identical change in width is 0.15
observed in spectra taken at the 90° orientatimst shown.

RYAY

0.50.

AN
)

This demonstrates that the change in peak width is a result of E

a change in the amount of kinetic energy released in frag- >='

mentation rather than an angular effect. This observation is 2 0.00

in line with the fact that below the®* resonance and above g 0.70

the K-shell threshold we expe@=0. In both of these en- g

ergy regimes we are dealing with excitations into the con- £ 0.60 [+ ]

tinuum, and thus there is no specific orbital symmetry to 'Ilfh?:::ol d

produce an aligned molecule. Finally, for comparison pur- 0.50 z

poses, we note that the calculated value for the energy re-

leased due to the electrostatic repulsion betweén afd 2+ L

CI"" isnx11.3 eV. 015 1 W%@ §2 |
In order to gain a more quantitative description of disso- S e WY g

ciation, we treated the data to determine thearameter on g3+ O I 9 a— s+

resonance. In order to do this, the ratio of the yield 6f éh 0.00 52 w w -

resonance to the yield of Hbelow resonance was deter- -10 0 10 20 30

mined. The areas of the Hpeak on resonandéig. 10a)] Photon Energy Relative to the First Resonance (eV)

and below resonanciFig. 10b)] were normalized to this
ratio, and their difference was taken in order to remove theD
effects of valence and shallow-core-level ionization. The
background-subtracted peak was then fit accurately by two
Gaussian peaks, indicating that thé khtensity is entirely a  As a result of dipole matrix elements, the contribution of the
result of HCI molecules aligned with the polarization vectora, orbital is only about 20% of thé, orbital [6]. The two
of the SR. Therefore for resonantly excited moleculg8s, resonances are separated by only 0.5[2% and are unre-
=2 within experimental error. Figure {€) shows the H solved due to lifetime broadening from the energy levels
peaks from TOF spectra taken on the*6resonance and at (0.3-0.5 eV, the photon energy width=¢0.4 eV), and the
50 eV above resonance with the analyzer perpendicular téranck-Condon effedt7]. The second peak in Fig. 4 is at-
the polarization vector of the SR. The resonarit peak is  tributed to excitations from the sulfurslto the 4, 4b,,
significantly narrower than the 50 eV above resonance pealand &, orbitals[5]. Finally, for H,S a third peak, just below
In this orientation, the M peak maintains the same width in threshold, resulting from transitions tqp=erived Rydberg
both on resonance, and below resonance spectra. This is abitals[30] is visible in the TCY spectrum.
we would expect for8=2 since with the analyzer in this In the singles data for both 4$ and BS (Fig. 11, the
orientation, the resonantly excited molecules are alignetbranching ratios are nearly identical. As the photon energy
with their bond axes perpendicular to the analyzer axis, anthcreases from below resonance to aboveKkghell thresh-
the kinetic energy released in fragmentation has no effect oold, the fractional yields for 8 and $* increase while the
the ion flight times. yields for S" and $* decrease. The only notable difference
between the K5 and DS data is a decreased Dyield be-
B. H,S, D,S low resonance, which is at least partially a result of a larger
I)/ield for the molecular ion DS at below-resonance ener-
gies. In addition, trends in the average sulfur charge state
(Fig. 12 are nearly identical for both } and B'S and show
2 5.2 k2 242 1h2 a similar, although different in magnitude, enhancement on
la; 2a3 1b; 3a; 1by  core shells resonance when compared to the average Cl charge state in
HCI and DCI(Fig. 8). Again, a sharp increase in the average
charge state below resonance indicates the onset of pre-edge
inner-shell ionization.
3b 6a) empty shells. (4) On the lowest resonance Fig. 11 shows a depletion in the
H* yield. As with HCI, we attribute this to neutral dissocia-
The first peak in Fig. 4 is attributdd,7] to the excitation of tion of hydrogen. In this energy range the magnitude of the
electrons from the sulfurdto the 3, (derived from hydro- DS* peak in the spectra indicates that this is not a result of
gen 1Is and sulfur ®,) and 6, (derived from the hydrogen an increased molecular ion yield. Furthermore, the charge
1s and sulfur 3, 3p,, 3d) antibonding molecular orbitals. states that show an enhanced yield on resonance relative to

FIG. 11. Branching ratios as a function of energy fosSHand
,S singles spectra. The’S peak is omitted for clarity.

Figure 4 shows a total-coincidence-yield spectrum fo
H,S. The ground-state electronic configuration gfSHs

4a? 2bs 5a% 2b? valence shells
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FIG. 12. Average sulfur charge state fos$(circles and D,S FIG. 14. Ratio of hydrogericircles or deuterium(triangles
(triangles singles and PIPICO spectra. ions detected to the sum of all sulfur ions detected in singles mode.

their above-threshold values in the singles spegfig. 1) N Ed.(5) the notation ;" is shorthand for excitation into
show a smaller yield on resonance than above threshold ifiither the B, or 6a; orbital. The key point in this discussion
the PIPICO spectréFig. 13. For both BS and BS, Fig. 14 is to delineate the different possible mechanisms in which
shows that about 30% less Hs detected on resonance than Molecular dissociation will compete with Auger decay. In
above threshold. the first mechanism
Because kS is a triatomic molecule, the dissociation pic- H,S* (1a;! 3bi1%)
ture is slightly more complicated than in HCI. Auger decay’ 2 1 2
competes with dissociation of not just one but possibly both 10 yn+ 4 gx (1571 3p* %)+ ne”
hydrogen atoms:
—HY+H"" +S"™*(2p~2 3p**)+(n+1)e” (6)
-1 +1
HoS+hy—H,S"(1a; ~ 3b, ™). (3 we have dissociation of both hydrogens prior to Auger de-
cay, and one or both of the hydrogens are neutnat @ or

‘ ‘ 1). Alternatively,
0slge, H,S PIPICO ) y
., H,S*(la; ! 3by ™)
0.4 It JeR
goute vy SHY 4 HS (1ot 37t %) +ne”
SZ+7
0.3 —H™+HS ™ (172 377 %)+(n+1)e )
0.2 v' LY .s“*' one hydrogen dissociates prior to the Auger decay, and the
g v v ‘ $ o other dissociates after Auger decay, with at least one disso-
017 s ciating as a neutral, or
k=] L 24
2 o0 st ® ] H,S*(1a; ! 3bs ¥*)—H,S™*(1b-2 3bj1*)+e”
: - ‘ ‘ 2 1 2 2 m 2 ’ (8)
2 ‘ ‘ ‘ ;
S Threshold where dissociation of both hydrogens occurs following the
5 04 (OO % Auger decay of the 4 hole in the molecule, andHtl, is
"_; s% shorthand for the B; and 1b, molecular orbitals derived
S 03 from the S 2 atomic orbitals. Again, as in the chlorine
"('; case, D-derived holes also will subsequently relax, typically
& 0.2 through Auger decay.
g : Ab initio studies[31] show that forL-shell decay there is
0.1 st only a very small contribution from the decay channel that
gt involves dissociation of both hydrogens prior to autoioniza-
0.0 tion. This is due to the relatively high cost in energy that this

process requires. Furthermore, electron-spectroscopy studies
[10,17] of the decay ofL-shell holes in HS show that the
primary channel involves dissociation of one hydrogen atom

FIG. 13. Branching ratios as a function of energy fgSHand ~ followed by Auger decay from the excited HS molecule. The
D,S PIPICO spectra. The®S peak is omitted for clarity. present data do not allow us to determine if the shdgter

-10 0 10 20 30
Photon Energy Relative to the First Resonance (eV)
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hole lifetime is sufficient to cause a change in the primary 0.02 : °
decay path when compared to theore hole. Further stud- (a) st 0
ies will be required to determine if the antibonding orbital is Resonance

repulsive enough to cause neutral fragmentation on a shorter ,
time scale than the lifetime of the€-shell hole.

Previous studie$26] have shown that when HCI frag-
ments into H and CI'* the decay process can be similar to

that for the AF"*V* ion. The data suggest that a similar & §3 : :

analogy can be made between th8Cion and the &~ 'c (b) H,S 0°
ion. The singles fractional ion yield for’$ (Fig. 11) shows :

an enhancement on both the first and Rydberg resonances inQ | Resonance

o
o
=

a manner that is qualitatively similar toClin HCI (Fig. 6).
Thus it seems likely that the relaxation pathways that en-
hance the CI' yield following resonant excitation are analo-
gous to those causing enhancement in tRé gield. For , 1 ,
S?*, the fractional yield from the singles speciiféig. 11) (c) H.S 90°
shows only a slight resonant enhancement, while the PIPICO Resonance 2
spectraFig. 13 show a distinct enhancement in yield on the o
6a,-3b, resonance, indicating that at least one of the hydro- ooy
gens fragments as™H If the other hydrogen fragments as a
neutral, the increase in thé SPIPICO vyield (Fig. 13 can
be explained as analogous to the enhancéd @leld (Fig. 0.00 ‘ ‘ ‘
6) upon excitation to the lowest unoccupied molecular or- 835 878 920 963 1005
bital.

Thel(H*)/1(CI"*) and!I (H*)/1(S™) ratios(Figs. 9 and Channel
14) also point out inherent uncertainties in data collection. FiG. 15. H" peaks from HS singles spectrda) Data taken on
Above threshold, where the molecules are nearly completelyesonancédotted and 50 eV above resonan¢solid) with the ana-
fragmented, thé(H*)/1(CI"") ratio should be one, and the lyzer parallel to the polarization vector of the SR) Data taken 10
I(H™)/1(S"") ratio should be two. However, in the present eV below resonancésolid), and on resonancélotted with the
experimental setup, only one ion from a fragmentation evengnalyzer parallel to the polarization vector of the $& Data taken
is detected. Both the Hand its sister ion (CI" or ') on resonancédottgd and 50 eV ab(.)ve.resonan(m)lid) with the
from the same molecule have approximately equal probabili2nalyzer perpendicular to the polarization of the SR.
ties to reach the detector. However, because of its smaller L _
mass, the Fi ion will reach the detector first. If the Hion is detected, resulting in discrimination against the slowér H

detected, no more ions will be detected from that fragmenion and th? differe_nce in intensifB2]. .
tation event. Thus €I or S'* has a smaller probability of Trends in the widths of the hydrogen peaks in these spec-

. . - tra are similar to those observed for HCI. For the parallel
be|_ng detec_teq depende'n.t on the detgctlon efficiency for H orientation, within experimental error, the widths of the on-
This effect is in competition with a slightly smaller extrac-

) o . ) } resonance and above-resonancé Ideaks are identical

tion efficiency for the H ions. Earlier we mentioned that all 15(2) eV and 172) eV FWHM, respectively, while the

H™ ions created at the tip of the gas needle vyith an energy ghe|ow-resonance peak is narrowéd(2) eV FWHM]. Fur-

less than 50 eV would be collected. In practice, because th@ermore, for spectra taken in the perpendicular orientation

photon beam traverses the entire aperture, not alidis are  the H™ peaks from the on-resonance and below-resonance

created at the tip of the needle, and some are lost. It appeagpectra are nearly identical in widffi3(2) eV FWHM]

that for HCI (Fig. 9), the second effect dominates as evi- while the above-resonance*Hpeak is wider[182) eV

denced by the fact that the above-threshold ratiscls On FWHM, Fig. 15c)]. The fact that HS is a “bent” triatomic

the other hand, for k5, the faster H flight time and the fact molecule withC,, symmetry, and the fact that the first reso-

that there are two H ions causes some discrimination nant peak is the result of excitations to two orbitals of dif-

against the S" ion causingl (H")/1(S"")>2. ferent symmetry (6; and 3,) makes data interpretation
Figures 1%a) and 15%b) show H" peaks from singles more difficult. However, the data presented here are consis-

spectra of HS taken with the analyzer oriented parallel to tent with previousk-shell measurements of,8, which re-

the polarization vector of the SR, while Fig.(tbshows H port a positive8 on the @&,,3b, resonanc¢33].

peaks taken with the analyzer in the perpendicular orienta- Following excitation of aK-shell electron by an incident

tion. The data are shown from spectra taken 50 eV above, 1fhoton, a high degree of molecular fragmentation, and frag-

eV below, and on the#&; ,3b, resonance. The peaks in these ment(chlorine or sulfuy ionization of the atom was observed

spectra show an asymmetry with the right sfdeorter flight  in HCI, DCI, H,S, and BS. On resonance, a positiyl2was

time) having a higher intensity. This can be explained by theobserved, as well as a significant decrease in the yield of

fact that when HS fragments, one of the Hions will reach  hydrogen detected. Resonant decreases‘inyidlds are at-

the detector faster than the other. If the fastef lén is  tributed to increases in the amounts of neutral hydrogen cre-

detected, it will not be possible for the slower Hon to be  ated. These increases in the production of neutral hydrogen

0.00
0.02

Intensity (A
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