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Dissociation of CHsSH*' by Collisional Activation: Evidence of Nonstatistical Behavioit

P. T. Fenn, Y.-J. Chen, S. Stimson, and C. Y. Ng*

Ames Laboratory, U.S. Department of Energy, and Department of Chemistry, lowa Stagdiiyj
Ames, lowa 50011

Receied: February 26, 1997; In Final Form: May 13, 1997

We have measured the absolute total cross sections feBI@HICH;S™), CH,St, HCS', HS", CH;*, and
CH," produced by the collision-induced dissociation (CID) reaction og&HH (12A"") + Ar in the center-
of-mass collision energy range of-86 eV. While the onset for CH is consistent with the thermochemical
threshold for the formation of C¥ + SH, the onsets for other product ions are higher than their corresponding
thermochemical thresholds. Using a charge transfer probing technique, we conclude thét+thé7 amu
ions observed in the CID reaction have mostly the,&H" structure. The relative yields for GBH', CH,S",
HCS', HS, CH;*, and CH* formed in the CID reaction, which strongly favor the-G bond scission
process leading to the formation of @H+ SH, are significantly different from those measured in previous
photoionization and charge exchange studies. Since thg @-5H channel is not among the most stable
product channels, this observation suggests that the collision-activated dissociatiogsbf'Géinonstatistical.
The high yield for CHt + SH observed in CID is attributed to the more efficient translational to vibrational
energy transfer for the €S stretch than for the €H stretches of CEBH", and to weak couplings between
the low-frequency €S and the high-frequency-€H stretching vibrational modes of GBH". The differences

in excitation mechanisms for GBH' wia collision activation, photoionization, and charge exchange are
responsible for the different fragment ion distributions from;SH" observed in these experiments.

I. Introduction excited states can be formed readily by charge exchange and
photoionization processes, the results of the charge exchange
and photoionization studies indicate that the couplings between

h o h | ved deal the electronic states and the dissociating degrees of freedom of
methymercapton (C48H) has recently received a great deal CH3SH' are good, resulting in efficient energy flow between

of experimental anq theoretical attenthrBemg the S'“_“F"es.t ._the internal electronic and vibrational modes of {SH.
alkyl mercapton cation, the structure, energetics, and dissociation .
The energetics (Table 1) and structures for the,&ldnd

dynamics of CHSH" have also been the focus of many : .
theoretical®~12 and experimentéi—23 efforts?4 The dissociation CHyS™ (n = 1—4) systems have been accurately determined in

dynamics of CHSH*, which address the fundamental question '€C€Nnt experiment&#*3* and theoreticaf~*2 investigations.
of hydrogen scrambling, have been investigated previously by Motivated by this available mfprmgtlon, we .havelurlldertaken a
charge exchangé,mass spectrometdf;17:192%nd photoelec- study of the Cr-jS.H+ + Ar coIhspn-mducgd dissociation (CID)
tron—photoion coincidence (PEPIC®Yechniques. Inasimilar ~ réaction. The primary goal of this study is to compare the nature
energy range above the ground state ofsSH", the major of product ions and their relative yields produced in CID, charge
product ions observed in the charge exchange and photoion-€xchangé; and photoionizatio?2°2? Collisional activation

As an important atmospheric pollutant emitted from combus-
tion, industrial, and oceanic sources,the photochemistry of

ization studies are in agreement, including SH* (CHsS"), mainly involves translational to rotational and vibrational energy
CH,S*, HCS', HS*, and CH*.19-22 transfer in the ground potential energy surface o, EH'. At

The ab initio potential energy profile for most of the low collision energies, collls!ona}l activation shogld be equalem
rearrangement and fragmentation reactions involvingSHt to thermal exmtafuo_n. C_o!'15|de_r|r_19 that translatl_onal to electronic
has been calculatéd. The dissociation mechanisms are partially ©€nergy transfer is inefficient, it is highly questionable whether
rationalized by the isomerization equilibrium betweensSH* collisional activation at low collision energies can access excited

and CHSH,* prior to fragmentation. The existence of the stable €lectronic states from the ground electronic energy surface of
CH,SH,* isomer is also supported by experimental studfes. CHsSH". If the region of phase space available to collisional

At the time of this calculatiolf and of many previous activation is different from that available to charge exchange
experimental studie’$;1%22 the energetics for the GIS* and and photoionization, the branching ratios for the dissociation
CH,SH" isomers were not yet accurately established. Without product channels observed in CID should be different from those
this energetic information for these isomeric ions, the previous formed in the other modes of excitation. In other words, the

investigations of the dissociation mechanisms fosSH must mechanism for CID of CESH" may not be statistical in nature.
be considered incomplete. The comparison of the dissociation product ions observed in
It is interesting that the breakdown diagrams of $SH* CID, charge exchange, and photoionization presented here has

obtained in the charge excharidePEPICG? study and revealed fundamental information about the CID mechanism.
estimated in the photoionization mass spectrometric experi- We have also probed the structure of thee= 47 amu (mass
ment® are in qualitative agreement with the predictdaf the 47) product ions formed in the CID reaction of g8H" + Ar
quasiequilibrium theory (QET). Since GSH' in electronic by using the charge exchange probing scheme. The question
of hydrogen scramblin§17.2%-21during the decomposition of
" Dedicated to Prof. Yuan T. Lee on the occasion of his 60th Birthday. excited C&SW has been investigated here by examining the
® Abstract published ilddvance ACS Abstractguly 15, 1997. CID reaction of CHSD' + Ar.
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TABLE 1: Current Recommended Experimental AsH°, and
IE values for CH3SH, CH,SH,, CH,SH, CHsS, CH,S, CHS,
CH3, CHj, CH3SH*, CH,SH,*, CH,SHT, CH3S", CH,S*,
HCSHT, CHS', CSH', CHs*, and CH,t 2

geometries of CkBH and CHSH™(12A"").10 We note that the
reactant CHSH"(12A"") prepared by photoionization in this
experiment has the charge localized mostly at the S atom.

species A¢H% (kcal/mol) IE (eV) Il. Experiment Section

CHsSH _3_8?3?50 9.4553+ 0.0006 The arrangement of the triptequadrupole double-octopole
CH,SH, 61.3 7.48 (TQDO) photoionization iormolecule reaction apparatus
CH:SH 37.7£2.0° 7.536+ 0.00% (Figure 1) and procedures used to perform state-selected absolute
CHsS 31.4+£0.5 9.2649+ 0.0010 total cross-section measurements have been described in detail
CH,S 28.34 2.0 gj?giio%g%m previously?”“*37 The TQDO apparatus essentially cqnsists.of,
HCS 71.74 2.0 7412+ 0.007 in sequential order, a vacuum ultraviolet (VUV) photoionization
H.,S -4.240.2 10.4682+ 0.0002 ion source, an electron impact ion source (1), a reactant
HS 34.0+£ 0.6 10.4218+ 0.0004 quadrupole mass spectrometer (QMS) (5), a lower radio
CHs 35.6+0.3 9.8380+ 0.0004 frequency (rf) octopole ion guide reaction gas cell (RFOIGGC)
ﬁ“z gi 63 110335%65 0.003 [(6) + (7)], a middle QMS (10), an upper RFOIGGC [(14)

U ' (14)], a product QMS (15), and a modifi#&dDaly-type scin-
CHSH 215 gi“gqb?d tillation ion detector [(17)+ (19)+ (20)]. The electron impact
CH,SH,* 221: 233.8 lon source Is hot u§ed in this experlment. The TQDO apparatus
CH,SH' 211.54 2.0° is partitioned into five chambers which are separately evacuated
CHsS* 245.04+ 0.5 by liquid nitrogen- or freon-trapped diffusion pumps.
CH.S* 244-|5i 2.0 The photoionization ion source consists of a 0.2 m VUV
gi"’s“ﬁgsciw 5358’. g;i monochromator (McPherson 234), a hydrogen discharge lamp,
HCSH N24312i 1.9 and a photoelectric VUV light detector. The recent high-
CSH* 314.6 resolution nonresonant two-photon pulsed field ionization
H,S* 237.24 0.2 photoelectron (N2P-PFI-PE) study of €5H near the ionization
HS* 274.3+ 0.61 threshold yields a value of 9.4558 0.0006 eV (131H- 0.08
g:{ §g§-5i 0.3 A) for the IE of CHsSH2® The N2P-PFI-PE spectrum also

2

reveals a vibrational progression corresponding to excitation of
2 Unless specified, théH% and IE values are obtained from ref  the C-S stretching modevé+ = 687 cm‘l) of CHzSH™-

30." Reference 27¢ Reference 30¢ Reference 23 Gaussian-2 cal- (12A").233% Methanethiol is introduced into the photoionization

culations (see ref 12).Reference 259 Reference 26" Reference 28. ; ; ;

i Reference 31.Reference 32 Reference 33.References 20 and 30. f\gl;;(;g \?v?tr? 2%? ;ﬁ]tg,:)e rrmc()efd;gns:?(zsgggnzﬁgins:zgsg:gu&h a

In the present experiment, the reactantsSH* is prepared ~120 Torr. By setting the photoionization wavelength at 1310

by photoionization of CESH at its ionization threshold. By A and a wavelength resolutionf & A [full width at half-
using a sufficiently high photon energy resolution, the reactant Maximum (fwhm)], the CHSH" reactant ions were formed
CHsSH* is formed in its ground vibronic state. Furthermore, N their ground V|bron.|c states. The rotational tempera_ture of
since the CHSH sample is introduced into the photoionization CHsSH" thus formed is expected to kel50 K, characteristic
ion source in the form of a supersonic jet in this experiment, Of the neutral CHSH jet. _
CH3SH thus formed is also rotationally cold. This is the result _ FOr absolute total cross-section measurements, the reactant
of the fact that photoionization only involves small changes in CHsSH" ions were extracted and guided by the lower QMS
rotational angular momentum. This approach of forming (OPerated at the rf only mode) and the lower rf octopole ion
reactant ions by photoionization has many advantages over thaguide to the middle QMS. The middle QMS, functioning as a
by electron impact ionization of a supersonic jet. Due to the Mass filter, passed only the desired 4SH™ ions to the upper
lower energy resolution used in electron impact ionization, RFOIGGC, where coII|S|_on-act|vated dissociation occurreq with
together with the fact that supersonic expansion is inefficient Ar- The pressure of Arin the upper RFOIGGC was monitored
for vibrational relaxation, reactant ions thus formed may contain With an MKS Baratron manometer, and maintained aB2<
considerable vibrational excitations. 10~ Torr. In this pressure range, the CID product ion intensity
On the basis of the self-consistent-field molecular orbital Was found to have a linear dependence on the Ar gas cell pres-

calculation using the 4-31G basis $&the main electronic sure. The reactant ions and the product ions formed in the upper
configuration for CHSH is predicted to be RFOIGGC were then mass selected by the product QMS and

detected with the modified Daly-type scintillation ion detector.
The reactant ion beam energies were determined by the
retarding potential method, using the upper octopole ion guide
to retard the reactant GBH" ions. The retarding potential
S atom. The 10aand 94 orbitals ares-bonding in character ~ curve thus obtained was differentiated to yield the most prob-
and are mainly localized along the-G (ocs) and S-H (ons) able laboratory kinetic energyEfy,) of the reactant ions and
bonds, respectively. The first to fifth photoelectron bands the fwhm of the kinetic energy distribution. Tl resolution
observed in previous He | photoelectron spectroscopic stud-for CHsSH"™ achieved in this experiment was in the range of
iest>1618have been assigned to the removal an electron from £0.2 eV. The collection efficiencies for reactant and product
the 34, 104, 94, 2d’', and 8aorbitals, resulting in theZA", ions were maximized at each center-of-mass collision energy
12A", 22A', 22A", and 3A’ states for CHSH". The vertical (Ecm) by optimizing the dc voltage settings applied to the ion
ionization energies (IEs) for these corresponding states arelenses, the octopole ion guides, and the QMSs.
9.46, 12.05, 13.73, 15.08, and 15.53 ¥VAs expected, the To probe the structure of the mass 47 ions formed in the
vertical and adiabatic IEs for the formation of the ground CID reaction of CHSH" + Ar, we used both the lower and
CH3SH™(12A") state are nearly identical due to the similar upper RFOIGGCs. Reactant @sH" ions prepared by pho-

...(8a)%(2d")%(94)%(10&)%(34")?

The 34 orbital is a nonbonding orbital ghlocalized at the
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Figure 1. Schematic diagram of the TQDO apparatus: (1) photoionization ion source, (2) atomic or molecular nozzle beam, (3) to freon-trapped
6 in. diffusion pump (DP), (4) to liquid-nitrogen (Ld¢trapped 6 in. DP, (5) reactant QMS, (6) lower rf octopole ion guide, (7) lower RFOIGGC,

(8) to LN, -trapped 6 in. DP, (9) the lower rf octopole ion guide chamber, (10) middle QMS, (11) upper rf octopole ion guide, (12}trtappEd

4 in. DP, (13) upper rf octopole ion guide chamber, (14) upper RFOIGGC, (15) product QMS, (16) detector chamber, (17) plastic scintillator
window, (18) to LN-trapped 2 in. DP, (19) photomultiplier tube, (20) aluminum ion target.

toionization of CHSH were first selected by the reactant 4 ‘ ' T ‘
QMS to enter the lower RFOIGGC, where the CID reaction
CH3SH"™ + Ar took place. The Ar gas cell pressure used was
5 x 1074 Torr. The mass 47 product ions thus formed in the
Ecm range of 4.56.5 eV were selected by the middle QMS
and guided into the upper RFOIGGC, in which the structure
for the mass 47 ions was probed by the charge transfer reaction
with benzene (gHg) at Ecm < 2 eV. Charge transfer product
CeHe" ions, if formed, were detected by the product QMS. The
CeHs pressure used in the upper gas cell was 3074 Torr.

The IEs for CHS, CHSH, and GHg are known to be 9.2649

=+ 0.0010 eV (ref 26), 7.536 0.003 eV (ref 27), and 9.243 842

@

N w
T T

Total Cross Section ( 107" cm?)

=+ 0.000 006 eV (ref 40), respectively (see Table 1). Using these ° ‘ Tt e
IE values, we calculated that the charge transfer reaction (1) 2 34 56878 13 1316 2024 % ¥
for CHsS* is slightly exothermic by 0.0211eV, whereas the Eon (V)
charge transfer reaction (2) for GBH" is endothermic by more 07 ‘
than 1.7 eV. TheAH® values given in reactions 1 and 2 are F . o (b) ]
the corresponding heats of reaction at 0 K. o5 " L CH," £ J
N N E | epma Wi
CH,S" + CH; — CH;S+ C;H, © 05 T
AH°, = —0.0211eV (1) e PoeseTe
g 04 4 HCs'
CH,SH" + CgHg— CH,SH+ CHg " 5 |
AH,=1708eV (2) & 03] ==
2 ‘ 4 5 6 7 8
Because near-resonant charge transfer reactions usually havef«_*3 02 T
large cross sections, we should observe the formationsld§C 2
|_

if the mass 47 ions have the @8t structure, while the charge
transfer cross section should be negligibly small ifSH* ions
are produced in the CID reaction of GEH™(12A"") + Ar. —

It is known that CHSH" ions are produced at the onset by 4 5 6 78910 121416 19 23 2731 37
photoionization of CHSH°2122 This conclusion is based on Ecw (V)
the fact that the thermochemical thresholdAdfi°y = 11.541 Figure 2. (a) Abolute total cross-section curves for & (CH;S*)
eV for process 3 is very close to the appearance energy (AE)(®), CH:;S" (O), HCS' (a), HSf(v), CH;" (W), and CH* (O) formed
of ~11.55 eV for the mass 47 ion observed in the dissociative in the CID reaction of CEBH" + Ar at Esn = 2—36 eV. (b) Magnified

iz ati absolute cross section curves for £&40), HCS (a), HS"(V), CHs*
photoionization of CHSH. @), and CH' ().

o
o
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T

o
o

nN
w

CHSH+ hw — CHZSW tH+e < 12.4 eV and measured the charge transfer cross section for

AH°;=11.541¢eV (3) reaction (2) using the upper RFOIGGC. NgHg' ions were
observed, confirming that GI3H' is indeed produced by
To test the charge transfer detection scheme, we preparedprocess (3) abw < 12.4 eV. Since the IE(C4$HY2 and IE-
CH,SH" in the photoionization ion source by process 3t (CH3SY® are similar (see Table 1), we have also measured the



6516 J. Phys. Chem. A, Vol. 101, No. 36, 1997 Fenn et al.
charge transfer cross section for reaction 4. — CHS" +H,+H+Ar  AH°,=3.46+ 0.08 eV

G
CH,SH(1°A") + CgHg — CH,SH + CgHg ™
AH°;=—0.2115 eV (4) —HS "+ CH,+Ar  AH°;=4.124+0.03eV (9)

As expected from the smallH®y value of—0.2115 eV, we n .
measured a cross section=efl9 A2 for reaction (4) aEcy ~ —CH;" +SH+Ar  AH°,=3.53+0.02eV (10)
4—6 eV, yielding a significant intensity of ¢Els™.
The data acquisition for the TQDO apparatus has recently 4 .
been upgraded to be controlled by a Pentium PC syétem. —CH,” +H,S+Ar  AH%°;,=4.89eV (11a)
This improvement allows computer control of the QMS and
monochromator scans, of the voltage settings applied to — CH2+ +HS+H+ Ar AH°;=8.8eV (11b)
individual components of the ion optics system, of the reactant
ion kinetic energy determination, and of the background All atomic and molecular species in reactionsa are assumed
corrections in absolute total cross-section measurements. Theo be in their ground states. Using the thermochemical data
procedures outlined above were conducted mostly in an listed in Table 1, we have calculated the correspondiitjo
automatic mode. values for these reactions. With the exception of minor
The methanethiol and benzene were obtained from Aldrich differences, the nature of the product ions observed in the present
Chemical Co. and Fisher Scientific with purities of 99.5% and CID study are similar to those in previous photoionizatgh#2

99.9%, respectively. The Ar gas is from Air Products and has and charge exchangfestudies in the same energy range.
a purity of 99.998%. One of the most important pieces of information obtained in
a low-energy CID study, such as this, is the appearance energies

dissociation of CHSH* we have also measured the relative (AEs) of the product ions, from which upper limits of the bond
intensities of the masées 47 and 48 ions formed in the CID dissociation energies involved can be calculated. Although the
reaction of CHSD*(12A") + Ar. The CHSD was obtained energetics for the C}SH" + Ar reaction are well-known, it is

from CDN Isotope with a quoted isotopic purity 8f91% still of interest to compare the observed CID AE [AE(CID)]
’ values for product ions with their corresponding thermochemical

) ) thresholds. Such a comparison is helpful for identifying the
I1l. Results and Discussion product ions with specific product channels as listed in reac-
tions 5-11. We have listed in Table 2 the AE(CID) values for
CH,SH" (CH3S"), CH,S*, HCSf, HS*, CHs*, and CHT'
determined by the cross section curves of Figures 2(a) and 2(b).
+ + ! Below these AE(CID) values, the intensities of the correspond-
%Tié;iéoiﬂi{i;?sd IE?HEC tgﬁ;gz?lrtgg?&g?;g;i%ns ing product ions are at the background level. Other than the
in Figure 2a. Figure 3 depicn':s the mass; spectrum observed forAE(ClD) valu.es for CH* qnd .CHZ.SW (CHsS"), the AE(CID)
the CID reac.tion of CHSH" + Ar at Eqn = 7.3 eV by scannin value for a minor product ion is given as Bg, range, covering

mo Y 9 the uncertainty range of the measurement. We note that these

the product quadrupole mass spectrometer, showing that CH

. . AE(CID) values given in Table 2 represent upper limits for the
and CHSH* (CH3S") are the major product ions. The cross- h hemical threshol fth invol
. - Y
section curves for Cht and CHSH* (CHsS") have a similar true thermochemical thresholds of the processes involved. We

have also fitted the absolute total cross sections for the CID
E.m dependence and exhibit a maximumBf, = 11—-14 eV. . : : X o
. . . o roduct ions near their onsets using the semiempirical cross
The maxmium cross section for GHis 3.4 A2, which is P 9 P

. ) - . . section expressioff,
approximately 3 times higher than the maximum cross section
of 1.2 A2 for CH,SH* (CHsSt). A magnified view of the cross

To examine the aspect concerning H-scrambling in the

A. Absolute Total Cross Sections and Identification of
CID Product Channels. The product ions observed in the CID
reaction of CHSH"(1?A") + Ar are CHSH" (CH3S™), CH,ST,

n

section curves for the minor product ions, all of which have =g, (Ecn — Eo) (12)
cross sections0.5 A2, are depicted in Figure 2b. The profiles Ecm
for the cross section curves of these minor product ions are also
similar, i.e., they increase very slowly from their onsetsts, whereagy, Ep, andn are adjustable parameters. Thgvalue is
is increased. the onset or AE of the process involved. The best fit values

The CID reactions which may be responsible for the produc- for these parameters are also listed in Table 2. The fits to the
tion of the observed product ions are given below. total cross sections for GBH'(CH;S™) and CH™ are the most

straight forward and reliable, covering tkgy, ranges from their
CH.SH' + Ar respective onsets tez12 eV. TheEp values for CHSH"
3 (CH3S") (3.84 eV) and CH" (3.37 eV) are essentially identical
— CHZSH* +H+ Ar AH°,=2.09+ 0.09 eV (5) to the respective AE(CID) values of 3.9 and 3.5 eV. The fitting
to the cross sections for the other minor product ions is
. CHSS+ +H+Ar AH°,= 3.54+ 0.09 eV (6) complica.ted by the very gradual rises of the cross section curves
near their onsets. The parameters given in Table 2 provide
satisfactory fits to the cross section curves for,GH HCS',
HS", and CH™, covering theE;m ranges of 5-10, 6-16, 6-15,
and 8-15 eV, respectively. Théy, values for these minor
product ions are mostly higher than, but consistent with their
N corresponding AE(CID) values. The values for CHSH"
—CHS +H+H+Ar  AH%=5.75+0.09eV (CHsS') and CH;*™ are close to unity, which is consistent with
(7b) a hard-sphere line-of-centers model for energy trarf8f&The

—CH,S" +H,+Ar  AH°,=1.28+0.09 eV (7a)
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TABLE 2: Appearance Energies Determined in CID and
Photoionization and Parameters [Eo, 0o, and n, see eq 12]
for the Fittings of the CID Cross Sections for CH2SH
(CH3S"), CH,S", CHS*, CH3", and CH,"™ near Their Onsets

product AE(CID)?2 Eq® oo A(PIyF
ions (ev) ev)y Ay n (eV)
CH,SH/CH;St 3.94+0.2 3.84 1.00 1.23 2.16
1.&
19
CH,S" 5.0-55 4.65 0.02 1.74 1.95
1.1z
1.34
HCS* 5.0-55 6.36 0.11 1.77 <418
HS*" 5.5-6.0 585 0.12 1.47
CHs* 3.54+0.2 3.37 244 1.28 3.90
CH,* 5.0-6.0 6.50 0.08 1.54

a2 This work. Appearance energy determined in the CID study of
CH3SH(12A"") + Ar. The uncertainties represent the precision of the

measurements. The uncertainties for,SH HCS", HS', and CH™"
are shown by the energy ranges given in the tab&ee eq 12E, is
the onset or AE of the process involveédippearance energy AE(PI)
determined in photoionization mass spectrometric studies gSEH
A(P1) = AE(PI) — IE(CH;SH). ¢ Reference 20¢ Reference 22 Ref-
erence 19.
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Figure 3. Mass spectrum in the mass rangenwe= 12—49 amu for

the CID reaction of CESH' + Ar obtained atEc, = 7.3 eV. The
mass peak fom/e= 48 amu has been scaled by a factor of 0.06.

n values for other product ions are in the range of-113,

which reflect the nonimpulsive character of the collisions at

E.m's near their threshold¥.
The AE values for CHSHT(CH3S'), CH,S*, HCS', and

CHz™ have been reported in previous photoionization stud-

iest®20.220f CH3SH. The photoionization AE [AE(PI)] values

J. Phys. Chem. A, Vol. 101, No. 36, 1996517

47 ion formed in the photoionization of GBHH. Such an
observation is in accord with the conclusion that the mass 47
ions formed by photoionzation have mostly the SH"
structure. Although theé\(PI) values for HCS (<4.15 eV¥°

and CH* (3.9 eV are higher by~0.5 eV than the respective
thermochemical thresholds of 3.460.08 eV and 3.53t 0.02

eV for the formation of HCS + H, + H and CH" + SH, we
may still conclude that these product channels are responsible
for the production of HCSand CH™ near their photoionization
onsets. With the exception &f(Pl) values for CH*, which is
higher than the AE(CID) value for GH, the A(PI) values for
CH,SH", CH,S*, and HCS are lower than the corresponding
AE(CID) values. The AE(PI) values for HSand CH™ were

not measured in previous photoionization studfe®:22

As shown in Figure 2a,b, both the CID onsets for SH"
(CHsSY) and CH™ are relatively sharp compared to those
observed for the other minor product ions, suggesting that
CHgs*, in addition to CHSH*" (CH3SY), is formed directly in
the CID reaction instead of by secondary decomposition. This
conclusion is consistent with the observation that the AE-
(CID) value of 3.5+ 0.2 eV for CH™ is in excellent agree-
ment with the thermochemical threshold &AH°, = 3.53 +
0.02 eV for reaction 10. The substantial curvatures and very
gradual rises observed for the cross sections of the other minor
product ions are mostly indicative of a sequential decomposition
or an elimination reaction mechanism involving a tight transition
state.

Although the AE(CID) value of 3.9+ 0.2 eV for the mass
47 ion is higher than the thermochemical thresholablP, =
2.094+ 0.09 eV for reaction (5), it is close to that afH®y =
3.54+ 0.09 eV for reaction (6). It is tempting to speculate
that CHS" is formed near the CID onset for the mass 47 ion.
To shed light on the possible structure of the mass 47 ion formed
in the CID reaction of CESH' + Ar, we have carried out a
charge transfer probing experiment using the double RFOIGGC
scheme as described in the experimental section. On the basis
of the energetics of reactions 1 and 2, we expect to observe
charge transfer gHe" if the mass 47 ion has the GH"
structure, whereas nogBes* ions should be formed if the mass
47 ion possesses the €5H' structure. Since no charge transfer
product GHe" ions are observed, we conclude that the mass
47 ions formed in the CID reaction of GHH(1?2A") + Ar at
Ecm = 4.5-6.4 eV have mostly the CJ$H" structure. This
experiment indicates that the closeness between the AE(CID)
value for the mass 47 ion and tiadH°, value for reaction (6)
is fortuitous.

At the AE(CID) of ~5.5 eV for HS', the product channel
should correspond to reaction (9). As pointed out above, the
charge of CHSH™(12A") is mainly localized at the S atom.

represent ionization transition energies with respect to the neutralThe dissociation of the €S bond in CHSH*(1°A") should

ground state of CkSH. In order to compare these values with

the AE(CID) values, it is necessary to subtract the IE{SH)
value (9.4553+ 0.0006 eV3: from the AE(PI) values. Thus,
the values foA(PI) = AE(PI) — IE(CH3SH) given in Table 2

result in the formation of CkHl+ SH*. However, during the
cleavage of the €S bond, the charge on HSnay hop to CH,
resulting in the formation of Ckt + SH [reaction 10].
Considering that the IE for C4(9.83804 0.0004 eV¥? is

represent the excitation energies measured with respect tosignificantly lower than that of HS (10.4682 0.0002 eV}

CHsSHt in its ground vibronic state. Tha(PI) values for
CH,SH' (CHsS') and CHS' are in the ranges of 1.8.16

eV and 1.12-1.34 eV1920.22whjch are in good agreement with

the thermochemical thresholds of 2.890.09 eV and 1.28t
0.09 eV for the formation of CkBH" + H and CHS" + Ho,

we expect that the production of GH+ SH is more favorable
than that of CH + SH, in good accord with the experimental
observation.

The AE(CID) value of 5.8-5.5 eV for CHS" is significantly
higher than the thermochemical thresholdAdfi°y = 1.28 +

respectively, This observation indicates that these product0.09 eV for reaction 7a, but lower than tidH°, = 5.75 +
channels are formed in the photoionization experiments at 0.09 eV for reaction 7b. Thus, we conclude that;SH+ H,

photon energies near the AE(PI)'s of €Ht and CHS*. As

are formed at the AE(CID) for C§$*. At Ec, > 5.75 eV, the

described in the Experimental Section, no charge transfer formation of CHS" + 2H is possible. We note that the mass

product GHg" was found in the reaction of¢8g with the mass

46 ion can exist agransHCSH" and cisHCSH", which are
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estimated to be 1.1 eV higher in energy than,SH2.20.30\e
cannot exclude the formation of these structures for the mass
46 ion observed in the CID reaction.

Although the AE(CID) value for HCS determined in the
range of 5.6-5.5 eV is higher than the thermochemical threshold
of AH°, = 3.46+ 0.08 eV for reaction (8), we may conclude
that the formation of HCSis accompanied by 4+ H at the
AE(CID) for HCS". The CSH isomer is predicted by
Gaussian-2 (G2b initio calculations to be 3.16 eV higher in
energy than that of HC'S!2 Thus, the formation of CSHis
also possible at highéf.'s. The formation of HCS + H; +
H is likely the result of a stepwise dissociation mechanisen,
HCS" may be produced by the further dissociation of internally
excited CHSH™ (CH3S") initially formed by reaction (5)
[reaction 6]. Product HCS may also be produced by the
decomposition of internally excited GB* formed in reaction
7a. However, judging by the significantly higher cross sections
for reaction (5) compared to reaction 7a, we favor excited
CH,SH" to be the precursor of HCSformed in reaction (8).

The AE(CID) for CH" is determined to be:5.0 eV, which
is slightly higher than the thermochemical thresholdAdi°g
= 4.89 eV for reactions 1la. This observation indicates that
CHy™ + H,S are formed at the CID onset for GH Since the
IE for CH, (10.3964 0.003 eV is only slightly lower than
that for H,S (10.46824 0.0002 eVY, it is surprising that
H,S* was not observed in the CID reaction. The formation of
CHy"™ + HS + H [reaction 11b] is possible at high&in's.
Reaction 11b may result from the further dissociation of excited
CH,SH" initially formed by reaction 5 and/or the further
dissociation of HS formed in reaction 11a.

The aspect concerning H-scrambling in the dissociation of
excited CHSH' has been examined in previous dissociation
studied®14.20.2lhy measuring the relative intensities for product
ions from C3SH". The dissociation product ions observed in
these experimental studies indicate that H/D-scrambling may
occur before or after the fragmentation processes. We have
examined the CID reaction of GBD"(12A") + Ar at Ec, =
10 and 15 eV. Masses 48 and 47 ions are observed with the
intensity ratios of~ 4.1 and~ 2:1 atE;, = 10 and 15 eV,
respectively, favoring the formation of mass 48. Based on the
results of the charge exchange probing experiment, we ex-
pect the mass 48 ion to be GED™ and the mass 47 ion to
be CHSH'. The observed ratios of G8D* to CH,SH* are
in agreement with the ratios of GBH" to CD,SD* from
CDsSH' reported in previous mass spectrometric stu#iés.
The ratio for CHt to CH,D* from the CID reaction of
CH5SD* is also found to decrease from 4:1 to~ 2.5:1 as
Ecmis increased from 10 to 15 eV. These findings unambigu-
ously show that a finite extent of H/D-scrambling occurs during
the collision-activated dissociation of GBD™(12A").

B. Potential-Energy Profile for Rearrangement and
Dissociation Reactions of CHSH*. The ab initio potential
energy profile for the rearrangement and dissociation reactions
of CHsSH' has been calculated at the MP3&1G(d,p)//4-31G
level of theory!14546 The calculations indicate that GBH,"
(methylenesulfonium radical cation) is a stable isomer, which
can be formed by a 1,2-hydrogen shift from £ (12A").

The existence of CkBH," is supported by collisional-activation
mass spectrometric experimehtsAccording to the recent G2

ab initio calculation'2 CH,SH,™ is a higher energy isomer which
lies 0.8 eV above CpSH'(12A"). This value is in good
agreement with that obtained in Ref. 11. Using the G2 energetic
value for CHSH,™, together with the known energetics for the
other molecular species involved, we have constructed a
potential energy diagram in Figure 4 which shows the rear-
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5 7 CHy + SHp

CHy + SH'
4 —
CHS' + H 61 hr=s’
+ a \H
[HB + SH 7

o CHySH

Figure 4. Schematic of the potenial-energy profile for rearrangment
and dissociation reactions for GBH". For the detailed structures for
transition structure§, 2, and3, readers are referred to ref 11. See ref
48 for the structure oft. The energy foR2 is based on the photoion-
ization AE for CHSH" (ref 20). The energies f@& and4 are based on
G2 calculations and that fdk is from ref 11. The energies for other
species are based on thermochemical data of Table 1. See the text.

rangement and dissociation pathways of the;&Hi™ system.

The transition structurd shown in Figure 4 for the 1,2-
hydrogen shift between G33H" and CHSH,™" is predicted to
lie ~1.97 eV above the energy for GBH"(12A"").11 Hence,
at low excitation energies{1.97 eV with respect to the energy
for CHsSH™(12A"")], these two isomeric ions cannot interconvert.
However, the AE(CID) values of all the product ions are above
the potential barrier for the 1,2-hydrogen shift. Therefore, both
CH3SH"™ and CHSH," should be accessible in this CID
experiment. An interesting consequence of the existence of
these isomers is that GBH" + H can be formedvia
H-eliminations from the C atom of G§$H" as well as from
the S atom of CkSH,". The corresponding transition structures
2 and 3 for these elimination processes have been calculated
to have energies 0f£0.16 eV and~0.34 eV above that for
CH,SH" + H, respectively! We note that the previous
ab initio calculations predict an energy 6$1.84 e\t! for
CH,SH" + H with respect to that for CkBH"(12A""), which is
lower than the known experimental value of 2.09 &\H[’, of
reaction (5)] by~0.25 eV. On the basis of the highes(PI)
value of 2.16 e¥? for CH,SH" (see Table 2), we estimate a
potential barrier of< 0.07 eV, as compared to tha initio
value of~0.16 eV with respect to the energy for gsH" +
H. The experimental estimate &f 0.07 eV is used to locate
the energy oR in Figure 4. We have calculated the energies
for 2 and3 at the G2 level of theor§6~48 The G2 energies for
2 and3 are found to be 2.10 eV higher than that for §3H*-
(12A™), indicating that the reverse potential barrier for the
formation of CHSH" + H from CHSH(12A"") (CHoSH, ™) is
negligibly small. Thus, the G2 prediction is in agreement with
the observed AE(PI) valu&s20-22for CH,SH".

The energy for CH5™ + H is also shown in Figure 4. The
ground state for CkS' is a 3A; state, which is known to lie
1.45 eV above the ground GBH(*A’) statel®12 The forma-
tion of CHsS™(®A;) has been demonstrated in photoioniza-
tion?”2°and photoelectrdt experiments. The detailed mech-
anism for the conversion between ¢3(3A;) and CHSH™(*A")
is not known. The rearrangement from §34(3A;) to CH,-
SH™(*A") necessarily involves intersystem crossing from the
triplet to the single manifolds,e., the coupling between the
triplet and singlet potential energy surfaces. The result of the
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charge exchange probing experiment, which uses reactions 1 100 T
and 2 to probe the existence ¢¥, is negative’® This 9%
observation is consistent with the previous suggestion that the
rearrangement from G43" to CH;SH' can occur at a suf-
ficiently high internal energy’

As expected, thab initio calculations of ref 11 show that
the formations of Cht™ + SH from CH;SH™ and CH™ + H,S
from CH;SH," involve loose transition complexes and the
reverse activation energies for such processes are zero. Simi-
larly, the formation of HS + CHs from CHsSH* should also
occur without a reverse activation energy. The formation of
HCS' necessarily involves a two-step dissociation mechanism.
Hence, the HCS+ H, + H channel is not shown in Figure 4.

The A(PI) value for CHS" observed in previous photoion- . .
ization experiment§2022 gre in close agreement with the -
thermochemical threshold for GB" + H, (see Table 2), 4 5 6 7 8 910 12 14 1618 21 25 29 34
indicating that the formation of C#" + H, via 1,2-H, Ecw (€V)

el'm'n_at'on from CI'QSHF may proceed W'thOUt a reverse Figure 5. Relative abundances in percentage for,6H" (CH3St)
potenial energy barrier. The thermochemical threshold (1.28 (@) cH,s* (0), HCS' (), HS*(v), CHs* (W), and CH* (O) formed
eV) for the formation of CHS™ + H, from CH;SH' is lower in the CID reaction of CESH* + Ar at Ecy, = 3.5-36 eV. The sum
than the potential energy barrier of 1.97 eV for isomerization of all the product ions is arbitrarily set to 100%.

from CH;SHt to CH,SH,™. Thus, the CHS' ions observed

at the AE for CHS' in photoionization cannot be formed from  of 15-25%. The relative abundances for other minor product
CH,SH;™. However, the AE(CID) value of 5:685.5 observed ions are negligibly small &.,< 6 eV and increase gradually
here is significantly higher than the energy barrier of 1.97 eV as a function ofEc, to < 15% atE.,, = 36 eV.

80

70 4

60

Abundance ( % )

Relative

for isomerization between GISH* and CHSH,". Hence, the Table 3 compares the relative abundances forSH,

formation of CHS" + H, by He-elimination from the S atom  CH,SH*(CH3sS), CH,S', HCS', HS', and CH™ observed in

of CH,SH," is possible at the AE(CID) of C}$*. this CID experiment with those reported in the previous charge
We have obtained the transition structuefor 1,2-H exchangé' and photoionization mass spectroméftgtudies in

elimination from CHSH" at the MP2/6-311G(d, p) level of the energy range of 2712 eV. In order to compare the
theory#6:50 The G2 enerdgif for (4) is found to be 2.08 eV  abundances observed in charge exchange and photoionization
higher than that of CEBH", which yields a reverse potential  with those in CID, the recombination energies (RE) of the charge
energy barrier of 0.8 eV. This prediction is contrary to the exchange experiment and the photon energies (PHE) in the
photoionization measuremenif&022 A careful examination of ~ photoionization experiment are converted to excitation ener-
the photoionization efficiency spectrum for ¢t reveals that gies Eey) With respect to the ground vibronic state of §3H*-

the yield for CHS" increased sharply a&~1075 A. The (12A"). That is, theEex values given in Table 3 are equal to
photoionization yields below 1075 A are small. The PEPICO Egy, in CID, RE-IE(CHsSH) in charge exchange, and PHE
measurement for Ci$" shows negligible yields at photon IE(CH3SH) in photoionization. At a specifiEey, the sum of
energies below 1180 A. Taking this value as the AE forSH the abundances for all product ions except that fog&H is

we calculate a\(PI) value of 2.02 eV for Ck5".22 Thus, the arbitrarily set to 100%. The abundances of $SH* for the
PEPICO measurement for G8I" seems to support the G2  CID study are not included in the table because;8Ht is the
prediction. On the basis of the threshold photoelectron spec-reactant ion in this case. Furthermore, since;Chas not
trum for CHSH, the adiabatic IE for the formation of the ex- observed in the charge exchange and photoionization studies,
cited CHSH*'(1%2A") is estimated to be~1075 A (11.53 the comparison of the abundances forLhas also excluded
eV) orA(Pl)~ 2.08 eV. The sharp increases in photoionization from the table.

yields for CHS", as well as those for Ci$H" at ~1075- Considering that charge exchange favors processes with small
1080 A, may correlate with the onset of the excitedsSH?- energy defects between the reactant and product states, it is
(12A") state. essentially a state- or energy-selected technique. However,

As pointed out in ref 11, since the potential energy barriers photoionization mass spectrometry and CID are not. Thus, the
for the 1,2-hydrogen shift connecting @sH" and CHSH,* comparison in Table 3 among the abundances of product ions
and those for H-eliminations from G8BH" and CHSH," to observed in CID, charge exchange, and photoionization experi-
give CHSH" + H are similar, H/D-scrambling may take place ments should be viewed only as qualitative in nature. The small
prior to fragmentation. This provides a rationalization for the abundances for C4$H" observed in the charge exchange study
observation of mixed H/D product ions in the dissociation is consistent with the expectation that the overwhelming fraction

reactions of CRSH and CHSD*. of CH3SHT initially formed are in dissociative excited states,
C. Comparison of Relative Abundances for Product lons ~ Yielding a low intensity for stable C4$H".

Observed in CID, Charge Exchange, and Photoionization. The charge exchange study used X€0O,", CO", Krt, N,*,

Figure 5 depicts the plot of the relative abundances in percent-Ar™, and N€ as the charge transfer reactant ions, covering the

ages for the observed CID product ions {SH(CHsS"), Eex range of 2.712 eV2! As shown in Table 3, dex < 4.0

CH,S", HCSf, HSt, CHst, and CH*. Here, the sum of the eV, CH,SH"(CH3S") and CHS' are the only product ions
abundances for all product ions at a spedtig, is normalized formed in the charge exchange study, with the abundance (98%)
to 100%. As shown in the figure, the relative abundance of for CH,SH*(CH3S") significantly greater than that (2%) for
CHs*™ decreases monotonically from 100%~30% asEgn is CH,S*. The lower yield for CHS"™ has been rationalized by
increased from 3.5 eV to 36 eV. In the safbg, range, the QET calculations as due to the tight transition stdjer{volved
relative abundance of GISH"(CH3S") remains in the range  in the 1,2-H elimination of CHSH'. At Ex > 4.0 eV, HCS
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TABLE 3: Comparison of Relative Abundances in Percentagéesfor CH 3SH*, CH,SH*, CH3S*, CH,St, CHS*, CH3*, and CH;*
Formed at Excitation Energies Eex = 2.7—12 e\P in Collisional Activation (CA), ¢ Charge Exchange (CEY and Photoionization
(PN)°

Eex(eV) exptl CH* (15 amu) HS (33 amu) HCS (45 amu) CHS' (46 amu) CHSH?' (47 amu) CHSH' (48 amu)

2.7 CE 0 0 0 2 98 3
CA 0 0 0 0 0

4.0 CE 0 0 0 2 98 3
CA 85 0 0 0 15

4-5 CE 2 0 10 6 82 15
CA 81 0 0 0 19

6—7 CE 3 2 77 8 10 2
CA 76 1 1 1 21
PI 3 1 22 6 68 30

12 CE 3 4 71 10 6 5
CA 65 3 5 3 22

aThe sum of the abundances for all product ions except that faSEHis set to 100%? E is the excitation of ChHBH'. Eex = E¢m in CID,
RE — IE(CH3SH) in charge exchange, and PHEIE(CH;SH) in photoionization, where RE and PHE are the recombination and photon energies,
respectively ¢ This work. The CID % abundances for GEH' are not given in the table because §SH" is the reactant ion. AEex = 12 eV, 2%
of CH,* is observed in CIDY Reference 21. AE, = 12 eV, 2% S and 4% CS are reported in ref 22¢ Reference 20. At 800 and 744 A, 0.03%
of CH, is also observed in ref 26.The structure of the mass 47 ion is expected to beSEH. We cannot rule out the formation of GSf".

and CH™ are also observed in the charge exchange experi- assumption of a statistical model. However, a finite degree of

ment. The abundance for GHremains smalls 3% in the energy flow within CHSH" clearly takes place, as indicated
Eex range of 4-12 eV. Product HS, which appears dcx > by the isotopically mixed product ions observed due to H/D-
6.0 eV, is also minor, with abundances below 4%. B = scrambling in the CID measurement of 3D,

4-12 eV, HCS becomes the dominant product ion. The  The statistical model describes, at least qualitatively, the
growth of HCS" and CHS" at higherEey's is at the expense  fragmentation resulting from charge exchange and photoion-
of CHSH*. At Eex= 12 eV, S and CS with the respective  jzation well, but fails for the fragmentation resulting from
abundances of 2% and 4% are also reported in the chargecoliisional activation. The difference between the results of
exchange studs’. these experiments is in how the necessary internal energy for

The relative abundances for fragment ions formed in the fragmentation is added to GBH". It is known that collisional
photoionization of CHSH have been measured at 800 and 744 activation in theE., range of this experiment is highly inefficient
A2 which are equivalent tBex= 6.0 and 7.2 eV, respectively.  for electronic excitation. A collisional activation process mainly
In qualitative agreement with the charge exchange study, theinvolves translational to rotational and vibrational energy
abundances for C}$H" (68%) and HCS (22%) are found to  transfer!344 We expect that the low-frequency vibrational
be the dominant product ions. The photoionization mass modes of CHSH' are preferentially excited in such a procéss.
spectrometric experiment also reported the observation of aThe four highest vibrational frequencl@sf CHsSH'(12A")
small abundance (0.03%) of GH correspond to Ckland SH stretching modes, ranging from

As shown in Table 3, the relative abundances for product ~2556-3035 cn1?, while the C-S stretch®*is the second
ions measured in this CID study reveals £Has the major lowest vibrational mode with a frequency of 687 ¢in Thus,
fragment ions with abundances in the range of85% atEey the internal vibrational energy resulting from collisional activa-
= 4—12 eV. This abundance is significantly greater than those tion is predominantly deposited in the-G stretch mode instead
observed in charge exchadgand photoionization studié8. of the CH; stretching modes of C4$H". Furthemore, the fact
Considering that the endothermicities for the formation of thatS and C are significantly larger than H, may also contribute
CH,SH" + H [reaction (5)], CHS" + H, [reaction 7a], and  to the more efficient excitation of the-€S bond in CHSH".
HCS' + H, + H [reaction 8] are lower than the endothermicity Owing to the large differences in vibrational frequencies
for reaction (10), we expect the abundances for, €, between the €S and CH stretching modes of C§$H", the
CH,S*, and HCS to be greater than that for GH as were C—S and CH stretching modes are only weakly coupled,
observed in previous photoionizati§3®22 and charge ex-  resulting in inefficient energy flow between the-S and CH
changé! experiments. The high abundances for SH', (SH) vibrational modes of C§$H". As a consequence, the
CH,S*, and HCS were also predicted by the QET calcula- product CH™ ion, which results from the breakage of the &
tions2® For a detailed comparison between breakdown diagrams bond, is favored over those ions due to the breakage of e C
obtained in QET calculations and those derived from the charge (S—H) bonds of CHSH'. This conclusion may be tested in
exchange and photoionization studies, readers are referred tdCID studies of larger molecular ions, such asCH,SH',
ref 20. which contains a €C bond as well as a-€S bond. In addition

D. Dissociation Mechanism for Collision Activated to the expected efficient excitation of the-C and C-S
CH3SH*. The observation that G + SH [reaction (10)] is stretching modesia collisional activation, the coupling between
the dominant product channel over the i}, range of 2-36 the C-C and C-S modes of CHCH,SH" should also be good.
eV is most interesting. Such an observation is contrary to the Hence, product channels arising from the breakage of th& C
prediction of QET calculations. The two basic assumptions of ahd C-C bonds should dominate in the collision activated
a statistical model, such as QET, are that a critical configuration dissociation of CHCH,SH* >t
or transition state controls the reaction rate, and that the inter- The observation that the abundances of product ions formed
nal energy of the reactant is randomly distributed in the in charge exchange and photoionization are consistent with
molecule’s active degrees of freedom. This favors the most statistical predictions indicates that the energy randomization
stable product channel. Hence, the result of the present CIDassumption is mostly valid when the internal energy of
experiment is strong evidence indicating that the CID dissocia- CH3;SH" is deposited by electronic excitation. It appears that
tion of CHsSH™ is not compatible with the energy randomization in the photoionizatioff-22and charge exchangjeexperiments
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the onsets of all dissociation product ions are found in the first
and second excited photoelectronic bands ofElit, i.e., the
CH3SH™(12A", 22A") states. As pointed out above, these excited
states correspond mainly to the removal of an electron from
the ocs and ops bonding orbitals. To a first approximation,
the excitations of the €S and C-H stretching modes of
CH3SH'(1?A") and CHSH'(22A") are to be expected upon
the ejection of an electron from the-s and oys orbitals of
CH3SH, respectively. Owing to the delocalized nature of these

orbitals, such ionization processes are also expected to affect

the bonding of the SH and C-H bonds of CHSHT, resulting

in finite excitation of the vibrational modes involving the-El

and S-H bonds. The extent of vibrational excitations in the
electronic excited CESH(12A’, 22A") states may be assessed
by comparing the differences between the equilibrium geom-
etries of the neutral ground GBH state and those of the
electronically excited CESH"(12A’, 22A’) states® The more
efficient excitation of the low frequency-€S as well as high-
frequency CH and S-H vibrational modes of CEkBH" via
electronic excitations may promote better couplings between
these vibrational modes. The FranrgRondon factors for
ionization transitions from C§BH to the excited CkBH™(1?A")
CH3SH"™(22A') states favor the excitation of a long progression
in the C-S and S-H stretching modes, respectively. If several
gquanta of the €S stretching mode are excited, the couplings
between the €S and CH (SH) stretching modes should
improve.

The CID technique has been used extensively for bond
dissociation energy determinations of ionic speéfesThe
present study indicates that the CID technique would provide
higher sensitivity for the determination of dissociation energies
involving bonds of heavy atoms with lower vibrational frequen-
cies. For a dissociation process that proceeids a tight

transition state or a stepwise dissociation mechanism, the

experimental onset would most likely provide only an upper
bound for the dissociation energy for the bond involtéd.
IV. Conclusions

We have examined the CID reaction of ¢3H" + Ar in
the Ecm range of 2-36 eV. The fragment ions observed are in

general agreement with those observed in previous charge
exchange and photoionization studies. The most interesting

observation of the present CID study is that{H- SH is found
to be the dominant product channel, which is contrary to the

QET prediction and results of previous charge exchange andy,

photoionization measurements. Stemming from the fact that
the dissociation energy for the GH-SH bond is greater than
that of the H-CH,SH"™ bond, this observation suggests non-
statistical behavior in the CID of G43H"(12A"). In effect,

this system is an example of bond selective dissociatian
collisional activation.

The dominant production of G + HS is attributed to the
more efficient excitation of the €S stretch compared to-€H
stretches in the collisional activation of GsH". The smaller
abundances for product ions resulting from & bond break-
ages are rationalized by inefficient intramolecular energy flow
due to weak couplings between the-8 and CH stretching
modes of CHSH"(12A").
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