JOURNAL OF CHEMICAL PHYSICS VOLUME 111, NUMBER 15 15 OCTOBER 1999

Unimolecular decay of the thiomethoxy cation, CH  ;S*: A computational
study on the detailed mechanistic aspects
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The unimolecular decay of the triplet thiomethoxy cation,SH ion 1, has been investigated by
density functional theoryab initio, and Phase—space/Rice Ramsperger Kassel Mar83/
RRKM) calculations. We have first located on the singlet and triplet B3LYP/6+&(H,p)
[C,H;,S]" potential energy surfaces the energy minima and transition structures involved in the
lowest energy decompositions &f including the loss of H, K, and S. We have subsequently
located the minimum energy points lying on the B3LYP/6-3WQ(d,p) hyperline of intersection
between the singlet and triplet surfaces, using a recently described steepest descent-based method
[Theor. Chem. Acc99, 95(1998]. The total energies of all these species were refined by GC$D
cc-pVTZ single-point calculations. The obtained potential energy surface has been used to outline
the full kinetic scheme for the unimolecular decay of ibnThe rate constants of the various
elementary steps have been calculated by the PST and the RRKM theory. We used a nonadiabatic
version of the latter to evaluate the rate constants of the elementary steps which involve a change
in the total spin multiplicity. We found that the two kinetically favored decomposition channels are
the loss of atomic hydrogen, with formation @@H,S" ", and molecular hydrogen, with formation

of tHCS'. The former process is predicted to prevail for idnis the lowest rotational states and

with an internal energy content of at least 60 kcal FolThe loss of H was found to be by far the
prevailing process in the time scale of ca. ¥Qo ca. 10 ® s from the formation ofl. This is fully
consistent with the experimentally observed exclusive loss ofbi the CHS' ions which
decompose in the “metastable” time window of the mass spectrometer. The lossfafrilion 1

with formation of *HCS"™ may occur by two distinct “spin-forbidden” paths, i.e., a simple
concerted 1,1 K elimination or a 1,2 H shift followed by a 1,2Helimination from the singlet
mercaptomethyl ion2. In the metastable time window, these two mechanisms may occur
alternatively, depending on the degree of rotational excitatich o© 1999 American Institute of
Physics[S0021-960809)30237-3

I. INTRODUCTION are essentially the same and measured as large as ca. 0.93

. ) _eV. For reaction(1), this finding is consistent with its
The structure, stability, and thermochemistry of the th"interpretatioﬁb in terms of a symmetry-forbidden 1,2 elimi-

omethoxy cation (Ck8",1), and the mercapto-methyl cat- ation which occurs adiabatically on the singdét potential

ion (CH,SH™,2), as well as their unimolecular decomposi- energy surface. The mechanism (@ is instead much less
tion processes, have been intensively investigated over thg,jerstood and its observed KER has not yet been clearly
last three decadésVery accurate exp_enmeﬁ’csas well as jnterpreted. The alternative explanations offered sdar;

high level of theoryab initio calculationd™ have firmly cluding the isomerization of Ci$" to CH,SH' or to any
eastablished that singl@t(llA’) is more stable than tripkl)eg alternative structurécommon to CHSH*) prior to fragmen-
(*A1) by ca. 30 kcal mol”. In addition, it is well know?™™  tation, suffer from the scarce perception that react®ris in

that in the microsecond time scale typical of the mass speG ¢ 4 spin-forbiddenprocess, which does not occur on a
trometric experiments, both of these ions undergo exclugjngie potential energy surface. Therefore, even to achieve a
sively the unimolecular loss of H The kinetic energy re- qzjitative description of its mechanism, one has to address
leasesKER) of the reactions aspects which are not easily tractable in the framework of the
Born—Oppenheimer nonrelativistic quantum chemistey.
recent study has shown that the unimolecular loss of H

CH,SH"(*A") —=HCS (") +Hy(12 ), 1 : :
2SH (A= (2 +H("2g) @) from the strictly related methoxy catiofCH;O™, can occur,
at least in principle, by two alternative paths:
CH,S* (PA1) —HCS (12 9)+H,('2g) 2
3CH;0"—HCO" +H,, (33
dPresent address: Dipartimento di Chimica, UniverditRoma, “La Sapi-
enza”, P. le Aldo Moro, 5, DO185 Rome, Italy. 3CH0" —1CH,OH" =HCO" +H,, (3b)
0021-9606/99/111(15)/6759/10/$15.00 6759 © 1999 American Institute of Physics
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FIG. 1. B3LYP/6-31%G(d,p) optimized geometries of theC,H;,S]* iso-

mers and their fragments.

i.e., a concerted nonadiabatic 1,1 Elimination or a step-
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FIG. 2. B3LYP/6-31%G(d,p) optimized geometries of thgC,H;,S]"
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Il. THEORETICAL METHODS

A. Location of the critical points on the adiabatic
surfaces

The geometries of all the minima and the transition
structures lying on the singlet and trip[e€,Hs,S]* potential
energy surfaces and conceivably involved in the unimolecu-
lar decomposition of the thiomethoxy cation were optimized,

wise mechanism, consisting of a nonadiabatic 1,2 H shiffVithin the specified symmetry constraints, at the density

followed by an adiabatic KHelimination. The same compe-

tition between the two channels

3CH3S"—HCS" +H,,

3CH,S* —CH,SH" -1

as well as alternative decomposition routes are in principle cs
conceivable for the thiomethoxy cation. In addition, we can- < iy j{ s Tioe; H2.C-5H1: -97.9°
not rule out that in a time interval different from the micro- C-H3
second, ionsl may undergo unimolecular decompositions
different from(2) with formation of products other than,H
Therefore, we decided to perform density functional theory c
(DFT), ab initio, and Phase—space/Rice Ramsperger Kassel c g-'
Marcus(PST/RRKM calculations to investigate the mecha- c
nism of the unimolecular decay of the thiomethoxy cation.

(4a)

HCS' +H,,

(4b)

functional level of theory(DFT) using the hybrid B3LYP
functionaP and the 6-31% G(d,p) basis set. The located
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The results of this Study will be discussed in the presenhG. 3. B3LYP/6-311G(d,p) optimized geometries of theC,H;,S]*

article.

minimum energy crossing points.
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TABLE I. Total energieghartreeg, zero-point energieéartreey and rela-
tive energiegkcal mol?) of the[C,H;,S]™ ions and their fragments.

Species B3LYP/B1 CCSDOT)/B2°¢  ZPF° AEY
1(5A,) —-437.76010 —437.19116  0.03505 0
2(*A") —437.80180 —437.23671  0.03503 -28
3(*A") —437.72271 —437.15773 0.03081 +18
4(3A") —437.71398 —437.14331  0.03063 +27
TS1(3A") —437.68126 —437.11071  0.02860 +46
TS2(3A") —437.61869 —437.04548  0.02268 +84
TS3(*A) —437.71042  —437.14304  0.03188 +28
TS4(1A) —437.69832  —437.13107 0.02871 +34
MECP1 —437.70250 —437.13460  0.02982 +32
MECP2 —437.71955 —437.15340 0.03140 +21
MECP3 —437.71210 0.03429 +30°
HCS* (}3%)  —436.55845 —436.00533  0.014 36
+2

Ho (2g) —-1.17957 —1.17233  0.01007
CH,S™ (?B,)  —437.15905 —436.59397  0.02365

+54
H (?S) —0.502 16 —0.499 81
CHZ (*A) —39.491 39 —39.40438  0.03116

+81
S(3P) —-398.13307 —397.65335
HCS* (°A") —436.43070 —435.87147  0.01125
HSC* (PA") —436.38455  —435.82908  0.009 92

3B1=6-311+G(d,p).
PB2=cc-pVTZ.

‘At the B3LYP/B1 optimized geometries.
dCCSOT)/B2 relative energies at 0 K.

°B3LYP/BL1 relative energy at 0 K.

Decay of CH,S™ 6761

TABLE Illl. CCSD(T)/cc-pVTZ//B3LYP/6-31HG(d,p) and experimental
enthalpy change€98 K, kcal mol'?) of decomposition reactions involving
the[C,H;,S]" ions.

Reaction Calculated Experimental
1CH,SH* —HCS' +H, +32 +31.5
3CH,S" —HCS'+H, +3 -2
3CH,S'—2CH,S" " +H +54 +52.6

aThe enthalpies of formation diCH,SH", 211.5 kcal mot?, 3CH,S", 245

kcal mol®, and 2CH,S", 246 kcal mol?, are taken from Ref. 1i. The
enthalpies of formation dfHCS", 243 kcal mor'?, and H, 51.6 kcal mott,

are taken from S. G. Lias, J. A. Bartmess, J. F. Liebman, J. L. Holmes, R.
D. Levin, and W. G. Mallard, J. Phys. Chem. Ref. Data Suppl7(1988.

harmonic frequencies. All these calculations have been per-
formed using thesAussIAN 94 set of program&®

B. Location and characterization of the crossing
points

The critical points lying on the hyperline of
intersection! between the singlet and triple€,H;,S] " po-
tential energy surfaces were located at the
B3LYP/6-311+-G(d,p) level of theory using a recently de-
scribed steepest descent-based methoSome of these
points were also refined at the CCQ)
cc-pVTZ/B3LYP/6-311G(d,p) hybrid levet? using the
B3LYP gradients and the CCSD) electronic energies. The
crossing points located at the B3LYP/6-31G(d,p) level

critical points were subsequently characterized by computingf theory were approximately ascertained to be minima
their B3LYP/6-311G(d,p) analytical second derivatives along the :N-7 dimensional crossing hyperlif®ECP9 by

and their total energies were refined by performing singleverifying the absence of negative eigenvalues in the corre-
point calculations at the coupled-cluster level of theory, in-sponding effective Hessian matfikThe harmonic frequen-
cluding the effect of connected triples, CCAD’ To this
end, we used the correlation-consistent polarized valence bdescribed below were also obtained in this way.

sis set of triple-zeta quality developed by Dunning

cies at the crossing points needed for the kinetic calculations

For all the located MECPs, we evaluated the spin—orbit

(cc-pVT2).2 Thermal corrections were computed accordingcoupling (SOQ matrix elements, known to drive the inter-
to standard statistical mechanics formdlassing the
B3LYP/6-311+G(d,p) moments of inertia and unscaled tween the singlet and the three substates of the triplet using

system crossing in the vicinity of the crossing pdihbe-

TABLE Il. B3LYP/6-311+G(d,p) vibrational harmonic frequencigsm™*) and rotational constant&Hz) of
the[C,H;,S]" ions and their fragments.
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Species Vibrational frequencies Rotational constants
1 (3A1) 734 837 838 1316 1337 1337 2942 3023 3023 155.0 14.0 14.0
2 (A7) 853 865 1033 1069 1128 1470 2595 3121 3241 1434 172 153
3 (1A’) 234 463 956 1001 1193 1477 1966 3058 3177 158.0 15.0 15.0
4 (A" 412 632 760 783 874 1308 2436 3056 3185 140.0 144 147
TSl(3A”) 1515 583 736 771 811 1304 2081 3062 3206 149.0 142 143
TSZ(3A’) 375 98 155 421 523 830 1076 3113 3740 13.0 18.8 422
TS3(1A) 443 781 973 1027 1145 1418 2694 2786 3169 146 149 156.0
TS4(1A) 873 590 841 902 1132 1501 1575 2878 3181 15.0 16.1 157.0
MECP1 449 896 1078 1080 1468 2390 2547 3181 15.0 159 164.2
MECP2 898 927 999 1212 1456 2074 3051 3168 15.1 15.3 159.7
MECP3 550 643 999 1190 2424 2845 3144 3255 146 147 136.0
HCS* (13 ) 792 792 1456 3263 21.3
HCs* (3A’) 796 1057 3087 18.2 18.6 806.0
HSC* (PA") 927 1050 2377 20.6 222 280.0
CH,S* (ZBZ) 798 1010 1064 1379 3016 3116 17.0 18.0 285.0
CH3i (*A) 1406 1406 1418 3019 3214 3214 140.0 279.0 279.0
Ho ("2g) 4419 1810.9
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FIG. 4. CCSOT)/cc-pVTZ//IB3LYP/6-311+G(d,p) potential energy diagran0 K) of the [C,H;,S|" isomers and their interconnecting structures and
dissociation products.

first order Cl wavefunctions developed in the singlet RHF/is the transmission coefficient for the tunneling correction.
VTZ orbitals (practically the same results were obtained us-This term was calculated using the formula outlined by
ing wavefunctions developed in the triplet ROHF/cc-pVTZ Miller® for a generalized Eckart potential

orbitalg. To this end, we employed the one electron approxi-

mate spin—orbit Hamiltonian k(E)=sinh(a)sinh(b)/[ sint?(0.5a+ 0.50) + cosH(c)],
where
Hso=(a?/M)3.Z5 (L) (ria X po)s;
implemented in thesamessosprogram’® using values of the a=(4m/hv*)(E+ Vo) YAVy Y2+ v 121,
effective nuclear charges Zﬁﬁ) recommended in the
|Iterature_l4 b= (47T/hV#)(E+V1) 1/2(V6 l/2+ VI 1/2: 71,
C. Calculation of the rate constants c=2m[ VoV, /(hv*)2—1/16]*2,

Based on the characteristitsof the elementary steps Vi—V, being the energy change of the reacti@xcluding
involved in the unimolecular decay of GB" (vide infra),  the zero-point energig¢sand v* the value of the imaginary
we have calculated the corresponding microscopic rate corfrequency.

stants at internal enerdy and angular momenturd of the The rate constants of barrier-fréose TS adiabatic
reactant species using the transition state theory in its differeactions were calculated according to the equation based on
ent formulations. the Phase-space theofpST)*’

The rate constants of adiabatic reactions which involve a

“tight” transition state(TS) were calculated according to the _ “ “
expression based on the RRKM thebry ki(E,J)=[1hp(E,J)]S | p"(E-Ey—=E"II(Ey, J)dEy,

where S is the symmetry number ratid,, is the product
ki(E,J)z[l/hp(E,J)]f k(E")p*(E—E'—E* J)dE’. translational energy sum, aiitlis the rotational—orbital sum
of the states functiof®™” We note here that the rate con-
Herep#(E,J) andp(E,J) are the densities of the vibrational stants calculated according to phase space theory can in
states at the TS and at the minimum, respectively, &t ) some cases slightly overestimate the real valliés.

Downloaded 26 Mar 2008 to 151.100.52.54. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 111, No. 15, 15 October 1999 Decay of CH,S* 6763

15 -
114
- 2
i 1
~ -~
g 3] &
-1 4
Kk
- 4k1 10
20 30 40 50 60 70 80 90 100 e an 20 2o ao 70 8o o0 1
20 30 40 50 60 70 80 90 100
Internal Energy (kcal/mol) Internal Energy (kcal/mol)
15 - 159
10 ]
,-\10‘ — ]
S p 2 5 1
Il 1l
- o k
53] < ik 1
= 5+ = 0 -
o0 on
< S 1 k
-5 3k-1
0_
-10_
-5 T T . T ) -15 T T L T T T T 1
20 40 60 80 100 120 20 30 40 50 60 70 80 90 100
(a) Internal Energy (kcal/mol) Internal Energy (kcal/mol)
15_ 12_
14
114
g
o :3'10_
~12 =1
0 w %
BETE k = 9
s / 5
] k .
10 5 k
k
k6 k7 ¢ 7
T T T T T ) 7 T T T T T T T 1
40 50 60 70 80 90 100 60 65 70 75 80 85 90 95 100
Internal Energy (kcal/mol) Internal Energy (kcal/mol)
134
12 4
=) ]
- 11
=
<a]
Nt 10,
AL
L
9_
:k5
8 k
] k‘S 7
7 T T T 1 1
50 60 70 80 90 100
(b) Internal Energy (kcal/mol)
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FIG. 5. (Continued).

All these calculations were performed using agradients, respectively, at the MECPs. All these calculations
FORTRAN90routine written by the authors and based on thewere performed using the CC$D/cc-pVTZ//IB3LYP/
steepest-descent algoritfihfor the calculation of the density 6-311+G(d,p) electronic energies and the B3LYP/

of the vibrational states, and employing a Langevin-types-311+G(d,p) rotational constants and unscaled harmonic
potential® to describe the interaction of the dissociating frequencies.

fragments. The nonadiabatina) rate constants of reactions

which occur by surface hopping were calculated using the

expression based on a nonadiabatic version of the RRKM

theory'®
Il. RESULTS
ki”B(E,J)Z[llhp(E,J)]f pMECRE, ) A. Outline of the potential energy surface
The B3LYP/6-313-G(d,p) optimized geometries of
Xp(E—E,—E.,J)dE,, . . . .
— P( v JdE, all the presently investigatefiC,H;,S]" ions and their
wherep is the density of the states at the MECP calcu-fragments are shown in Figs. 1, 2, and 3, and their absolute

lated using the corresponding frequencis,is the energy  and relative energies, and harmonic frequencies and mo-
of the MECP with respect to the minimum, apdE—E,  ents of inertia, are collected in Tables | and II, respec-

—E;,J) is the transition probgbmty calgulated Whe_n the in- tively. We have also reported in Table Il the presently com-

ternal energy of the complex in tllerotational state is equal puted CCSIT)/cc-pVTZ//B3LYP/6-311G(d,p) enthalpy

to (E-Ey). changes of selected reactions involving fligH;,S]" ions

These calculations were performed usingGRTRAN9O . . :
0 b ) and the corresponding experimental values. The comparison
progrant® which calculates the termp(E) according to a
between the two sets of data suggests that the

formula developed by Delos and Thorsdrit is based on a / P / d gife
one-dimensional model which takes into account the tunnelgcsm-) cc-pVTZ//B3LYP/6-311G(d,p) energy differ-

ing probability and which coincides with the Landau—ZenereNces between the varioi€,Hs,S|" ions, diagramatically

formula for large values of the internal energy shown in Fig. 4, should be as accurate as few kilocalories per
mol. Consistent with the results of previous theoretical
p(E)=4m2H [ 2u/h?F(F,—F,)]%3 studies'®*~"the mercaptomethyl catichwas found to be the

5 SNeY absolute minimum on the singlet surface. It is more stable
XA —E(2u(F1—F2)Ih?F) 1. than the bridged structurd@ by 46 kcal mol?, and their

Here Al is the Airy functioR? andu, F;—F,, andF are the  interconversion through the transition structTi®3 requires

effective mass, the difference, and the geometric mean of th&6 kcal mol'! with respect ta2. The energy change for the
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FIG. 6. Calculated overall rate constants for the formatiohHES®, 2CH,S™", *CH; , and®*HCS" from ion 1.

loss of atomic hydrogen from isom@ris as large as 82 kcal singlet and the three substates of the triplet, were computed
mol~! and involves a practically negligible energy barrier. as 221, 252, and 120 crh

Instead, the loss of fHrom 2 with formation of HCS (13 %)

requires to overcome the energy barrier of 62 kcal Thol B. Calculation of the rate constants

corresponding to the transition structuéS4. The thi- . _ . .

omethoxy cationl is the absolute minimum on the triplet The potentlal_ energy_d|a_gram shown N F'g' 4 has

surface. It is more stable than the triplet mercaptomethyPeen US?d to outline the kinetic scheme depicted in Chart I.
cation4 by 27 kcal mol'%, and the two isomers are separatedAII t.he mvo!ved rate constants have been_ calculated by

by an energy barrier of 46 kcal midi with respect tal. The varying the internal energy of the reactant ion, referred to

loss of atomic hydrogen from both isometsand 4 was

found to be practically barrier-free and requires 54 and 27 Chart 1
kcal mol %, respectively. In addition, the loss of,Hrom 4 3HCS* + Hp

with formation of HCS (3A’) requires to overcome the en-

ergy barrier of 84 kcal métt corresponding to the transition kzI

structure TS2. The triplet isomerl is less stable than the k

8
2CH;S* + H4——4 <——

singlet isomeg by 28 kcal mol'. The latter species is there- ?

fore the most stable among the various singlet and triplet ks .

[C,H3,S]" isomers. K-t !
Searching for the crossing points between the investi- 1cy. 45 «—r—1 = km

gated regions of the singlet and triple€,H;,S]* potential TE | k.3t

energy surfaces leads to the location of three distinct Kpna kgt

MECPSs. The reaction paths corresponding to these structures v

have been ascertained using an approxinflateinsic Reac- HCS* + Hy4—— 2 $——

tion Coordinate (IRC) proceduré® which showed that l“ ks
ICH,S+ + H 3

MECP1 allows the 1,1 H elimination from triplet1l with Ke s

formation of HCS (2 *) and H,, MECP2 interconnects

isomers1 and 2 through a 1,2 H migration, anMECP3 1, from 0 to 100 kcal mal}, and the calculation has been
leads to the interconversion of the mercaptomethyl structureepeated for selected values of theguantum number, in-

2 and4. The corresponding SOC magnitudes, expressed aduding 0, 10, 30, 50, and 100. The rate constants
the root mean-square of the matrix elements between thle,, k_1, ks, k3, k_3, andk,, which involve a “tight” tran-
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FIG. 7. Calculated overall rate constadstted lines for the formation oftHCS' from ion 1. They are the sum d(*HCS"/MECP1) anck(*HCS"/TS4).

sition structure, have been calculated according to thare expressed as follows:
RRKM theory and their [£,J) dependence is shown in Fig.
5(a). Figure §b) shows the E,J) dependence of the rate KoytHCS") =K+ [KsAz/ (Ky+ K+ K™+ K"%) ],
constantss, kg, k7, andkg, which involve a “loose” tran-
sition structure aqd have been calculated according to the Kou?CH,S" ") = [ ke /(Ka+ ke + K™+ k™) JAg+ ks
PST theory, and Fig.(6) shows the E,J) dependence of the
nonadiabatic rate constants, calculated using a nonadiabatic +kg(A1/Ay),
version of the RRKM theory. In these figures, we have not
included the rate constants whose calculated values resulted k, (*CH; )=k,
to be lower than 10*%s™ 1,24
kov(sHCSJr):kz(Al/Az)a
IV. DISCUSSION

) - ) ~ where
We are now in the position to discuss the detailed

mechanism of the unimolecular decay of the thiomethoxy, _ nayna na _ na
cation, CHS"'. According to the kinetic scheme depicted in Ar=kat (k) (ke t ket kT k),
Chart 1, this species may in principle undergo a number of
alternative decomposition routes, eventually leading to théa‘2
four ionic products'HCS", 2?CH,S", 3HCS', and'CH; .
Using the steady-state approximation, the phenomend®a=Kz +K3(A1/Az).

logical rate constf\nts Eorresponding to the formation of thes¢ne values ofke,(P;") have been calculated for different
products, ko (P;") (P"="HCS", )CH,S",*"HCS", and  yajues of internal energy and angular momentum of the

=Ky + kg + K3+ k1 — (k3X"%)/ (ks + kg + K™%+ K™),

'CHg), CH,S* ion 1. The resulting curves, depicted in Fig. 6, fur-
1 1 . . nish the following indications. Fod= 50, the overall reac-
d[*HCS"J/dt=ko\("HCS)[CH,S], tion corresponding to the formation of the thermochemically
5 N 5 . . most stable producttHCS' and H, is by far the most effi-
d[*CH,S" 1/dt=Kko\("CH,S™)[CH;S"], cient one. FordJ=30 and internal energies dfup to ca. 70
kcal mol ™, ko (*HCS") is again significantly larger than the
d[*CH; 1/dt=Kk,\(*CH;)[CHsS"], other three overall constants. However, Je¢ 30 and for the
highest sampled internal energies hf the rate constants
d[3HCS" |/dt=Kk4,((HCS")[CH,S'], koo(*HCS") andk,,(?*CH,S" ") tend to become comparable.

Downloaded 26 Mar 2008 to 151.100.52.54. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 111, No. 15, 15 October 1999 Decay of CH,S™ 6767

Therefore, forJ=30 and high internal energies, iofsare 7 that, depending on the assumed rotational degree of exci-
expected to undergo the loss of atomic and molecular hydrd@tion, the ionsl which undergo the unimolecular loss of H

gen at a comparable extent. Far0, the loss of atomic N & time of ca. 10°-10 °s from their formation in the ion
hydrogen is instead expected to prevail for internal energie$0urce are predicted to possess internal energies of ca. 28-38
of 1 larger than ca. 60 kcal mot. However, up to this value kcal mol =. Therefore, the experimentally observed KER

of internal energy, iond are expected to Undergo exclu- amounts to ca. 60%—-80% of the available internal energy of
sively the loss of K. As mentioned in the introduction, the decomposing iond. These high fractions are quite consis-

unimolecular decomposition processeslogxperimentally

tent with the usually high kinetic energy releases which are

observed to date are those which occur in the “metastable’@bserve® in the decomposition of simple ions which pro-

time window of the mass spectrometers. It means that th
sampled CHS" ions are those which decompose in approxi-
mately 10 ° to 10" ° s from their formation in the ion source.

Consistent with the experimental observation of the exclu-

sive occurrence of reactio(®) with formation of H,, we
note from Fig. 6 that, irrespective of tllequantum number,

guce biatomic and triatomic molecules and ions.

V. CONCLUSIONS

Our computational study on the unimolecular decay of
the triplet thiomethoxy catiod allows to draw the following
concluding remarks. The two lowest-energy decomposition

the only unimolecular reaction which can occur at a ratechannels predicted for this ion are the loss of atomic hydro-

constant of ca. 10to 1P s ! is in fact the loss of H. We
decided to focus greater attention on the mechanistic detai

gen, with formation o?CH,S"", and molecular hydrogen,
[®ith formation of'HCS'. The former process is found to be

of this process. According to the kinetic scheme of Chart I,prevailing only for ionsl in the lowest rotational states and

taking into account the negligible value lof with respect to
k7*andk3?, the loss of H from 1 may in practice occur by
two alternative paths. The first one passes throMgCP1
and is a simple concerted 1,3 Hlimination. The second
eventually passes througit4 and is a 1,2 H shift followed
by a 1,2 H elimination from the singlet mercaptomethyl ion
2. The corresponding rate constaki§HCS'/MECP1) and
k(*HCS'/TS4) can be expressed as follows:

k(*HCS'/MECP1) =k}?,

K(*HCS"/TS4 =K%,/ (ks +K™).

The overall rate constant for the formation'®fCS", which

high vibrational states, i.e., with an internal energy content of
at least 60 kcal molt. The loss of H was found to be by far
the prevailing decomposition process in the time scale of ca.
10°° to ca. 10 ®s, which is consistent with the exclusive
observation of the loss of Hoy the CHS" ions observed to
decompose in the “metastable” time window of the mass
spectrometers. Generally speaking, the loss pfrbim ion 1
may occur by two distinct paths, i.e., a simple nonadiabatic
concerted 1,1 Kl elimination or a nonadiabatic 1,2 H shift
followed by an adiabatic 1,2 Helimination from the singlet
mercaptomethyl io2. In the metastable time window, these
two mechanisms may occur alternatively, depending on the
degree of internal and rotational excitation of ibn

is just the sum of these two terms, has been calculated fgkCKNOWLEDGMENTS

different values of the internal energy and angular momen-
tum of 1. The obtained values are depicted in Fig 7, which,
for the reason of clarity, also shows the trends of the twq
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above contributing terms. For the lowest sampled degree
rotational excitation of., i.e., J=0, and for its lowest inter-
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tribution to the overall rate constant for the formation of
HCS". Therefore, in the metastable time window, the
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