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The [GHsO™] potential energy surface has been investigated with a modified Gaussian-2 methodology, the
G2++ approximation. Eight stable pEsO~] isomers have been found on the surface: ;:CHO~ (1),
W—-CH;3CHOH™ (27), Y—CH3;CHOH™ (37), Y—CH,OCH;~ (47), W—CH,OCH;~ (57), ZE-CH,CH,OH~

(67), EE-CHCH,OH™ (77), and EZ-CHCH,OH™ (87). Among these isomer4, is the most stable thermo-
dynamically. The calculated G2+ heats of formation for the isomeric anions are in very good accord with

the available experimental data. Also studied with the same ab initio method are the various rearrangements
among the eight isomers and the fragmentation pathwayks ofAmong the reactions involving~, the
fragmentation process” — H, + CH,CHO™ has the least barrier. This result is in total agreement with the
experimental collision activated dissociation and infrared multiple photon induced elimination studies of the
ethoxide anion.

Introduction larger alkanes), while tertiary alkoxide ions showed only the
elimination of alkane. However, one may wonder why ot
CH, is preferentially eliminated from alkoxides, in view of that
the fragmentations of Hor CH, from alkoxides are obviously
induced elimination techniques. Hayes et-alinvestigated compet@tive reactions. f\ccording to the %A.D study of iso-pro-
extensively the CAD of some simple alkoxides, e.g., ethoxide, poxide ion, (CH)?CHQ ! by. Mercer et al it was sugge;ted
propoxide, as well as butoxide, and suggested that the loss 0fthat the preferential elimination ofér CH, from iso-propoxide
neutral molecular hydrogen gHfrom ethoxide and methane ~ WaS due to the thermodynamic stabilities of the fragmentation
(CH,) from butoxide proceed via a stepwise 1,2-elimination intermediates involved, i.e_., t_he gnergies of ion dipole complex
mechanism as illustrated below: [H™+++(CHj3).CO] for the elimination of H and [CH™+*-CHjs-
CHO] for the loss of CHl Besides, the feasibility of the isomeric
CH.CH.O™ — [H++-(CH.CHO)] — rearrangements prior to_fragmentanon h_as_, not been tgken into
¥ [ (CH, - ) ~ account in conjunction with the4br CH; elimination reactions.
[H,*++(CH,=CHO )] = CH,=CHO +H, (1) Hence, to gain a better understanding of the fragmentation
reactions, a comprehensive theoretical study on the various
(CHy);,CO — [CH4++(CH;),CO ] or elimination mechanisms, as well as the isomeric rearrangements
[CH,+++(CH,),CO] — CH.C(CH,)O™ + CH, (2) for alkoxide anions, is clearly desirable.
3 2 s N On the theoretical side, there have been a few ab initio studies
on the fragmentation mechanisms of alkoxides. Hayes and co-

H, from complex alkoxide ions such as Ph(g¥D, wheren workers-2 investigated the fragmentation mechanisms of H
= 1-5, may occur by similar 1,2-elimination mechanisms. From T0m ethoxide and Chifrom butoxide at the HF/4-31G and HF/

these CAD experiments, it was shown that different parent 6-31¥+G levels of theory. However, they did not consider
alkoxides gave rise to different fragmentation products. For the detail fragmentation intermediates involved nor the com-
instance, CAD studies of ethoxide, propoxide, and butoxide gave Pelitiveness of the fragmentation mechanisms betwegeand
only the H fragment in the spectra, and the CAD spectrum of CH, from thg same alkoxide. In.addlthn, there has not been
tert-butoxide showed only CHfragment, whereas the CAD &Ny t.heoretlcal study on the isomeric rearrangements for
spectra of iso-propoxide and iso-butoxide produced batartd alkoxides.

CH, fragments. Mercer et dlalso observed similar phenomenon Therefore, on one hand, we propose to investigate both
in their CAD studies of ¢to Cs alkoxide ions and concluded competitive fragmentation pathways of, Hand CH, from

that primary alkoxide ions fragmented by elimination ofdly, ethoxide, CHCH,O™, with a modified Gaussian-2 (G2) pro-
secondary alkoxide ions showed the elimination of bottakt cedure, to obtain and compare the G2 heats of reactibif ]
alkane molecules (alkane molecules may usually be taken asfor these two fragmentation channels, as well as the G2 heats
CH, because the loss of Ghlvas more facile than the loss of  of formation (AH®%) for the fragmentation intermediates in-

The gas-phase fragmentations of simple and more complex
alkoxides have been well studied by both collision activated
dissociation (CADY# and infrared multiple photon (IRMP)”

Additionally, Raftery and co-worketsfound that the loss of
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Figure 1. Selected structural parameters ofl{sO~] isomers/conformersl( to 87), the fragmentation intermediate® (-117), and the fragments
CH; +HCO™ (127), CH,CHO™ + H,(137), CH;CHO + H™ (147), and CH~ + CH,O (157), optimized at MP2(Full)/6-3t+G(d) level. All bond

lengths are in angstroms, and angles are in degrees.

volved. On the other hand, by the same modified G2 procedure,anions, particularly intermediates having ragment. Meth-
we also propose to study the isomeric rearrangements ofodological details of the G2+ model are discussed in the next

[C,HsO7] anions by determining the geometries of the transition
structures (TSs) as well as calculating the energy barriers.

section.

Finally, the potential energy surfaces (PESs) for the fragmenta- 1 heoretical Methods

tion pathways and isomerizations of J0~] anions will be
described and discussed.

All calculations were carried out on SGI10000 workstation
and SGI Origin 2000 High Performance Server, using the

In the literature, there are two modified G2 methods, proposed Gaussian 94 package of prograthdn this work, a modified

by Gronert, for the studies of anionic species: thet&2and

the G2(dd) methods. The G2 approach involves single-point
calculations at MP4/6-31G(d,p), QCISD(T)/6-311+G(d,p),
MP4/6-31H1G(2df,p), and MP2/6-31tG(3df,2p) levels based
on the geometries optimized at MP2/643&(d,p) level of
theory. On the other hand, the G2(dd) is an improved modifica-
tion of G2+ approach, which additionally includes a second
set of more diffuse sp-functions for first- and second-row
elements. However, both G2 and G2(dd) approaches are

version of the G2 procedufé denoted as the G2+ method,

has been employed to approximate the energies of organic
anions at the ab initio level of QCISD(T)/6-3+#G(3df,2p).

All structures have been optimized using the MP2 perturbation
with all electrons included and employing the 6+3tG(d) basis

set with diffuse functions included on both heavy and hydrogen
atoms, i.e., at MP2(Full)/6-32-+G(d). Besides, some alterations
have been made on the single-point energy calculations in our
proposed G2+ method, as compared with the conventional

specific for the study of the conjugate bases of the nonmetal G2 procedure. Our method involves single-point energy calcula-

hydrides, which are not within the scope of our study. As a
result, we propose an alternative G2 method, called-G2
which is useful for studying iormolecule reactions involving

tions at QCISD(T)/6-311G(d,p), MP4/6-311G(d,p), MP4/6-
311++G(d,p) [with additional diffuse functions for hydrogen
atom], MP4/6-311G(2df,p), and MP2/6-3t3+G(3df,2p) [with



[CoHs0O7] Potential Energy Surface J. Phys. Chem. A, Vol. 103, No. 30, 1998005
1557
H, 1.456 1614 1.265 H,
1. 179/ 108 6 3.9
\ 1505 / H, MOC=547 ) 914 99 " 1.458
. Y H 1.447
Heco=ngs  Hul S - o coc=68.9 N\Lsal H,CC=70.1
129 J \_\ HCCO=1854 o 7 5 C H,C0=122.7 o C2C r Toe
- H . : _ H N\ “H HO0C=77.8
pUeo 2y HCCH=D0g  H2 i H,C0C=1052 The 153 HCCO=114.5
2 H,CCH,=-120.6 O H, HCOH=1143 H, H, H,CCO-118.2
-3
1> 4 -8
1235 -
(¢]
[| 4210 €,C,0-140.8
1241 ) HC.C134 © ”17 & boooiige
C,} L1015 C=134.4 107. H,CC=116.6
H z “H, HOCA1041 1240\\ } / H,CC=87.7
2545, 7 H,C.C,=87.9 1503’\ H,CCO=166.3
u S C,C,0H=-47.5 ) x\ H,CCO=457
T~c, H,C,C,0=-155.8 4 lope Hh H,CCO=-72.6
Vo, H,C,C,H=-135.5 i, H,0C0=166.7
H H,C,C,H=-109.5 H,CC0=-1212
] 59 1-— 10
H -—
0977 JH, _ “; . H,CC,=108.3 1.709.-
o7 H,CC=113.4 o) 1.495 HC,C=1213 112 1 HCC=1033
) H; | wHcc=n3o0 0./ Hs s ) H,CC=1263
108.5 HoCC=168 1478 X7\ Sl TS )
1492 /o Hy H : N P SAH, Yoecce1ss H,0CC=302.5
'\1 510 C C L,OCCy 1233
C H,CCO=1113 s HCC,0=123.0 H,CCO=211.5
1073 \ H,CCO=109.8 H gy 10 HC,CO=816 H,CCO=178.9
q 1098 H,CCH=1202 2 s H.C.CO=66.2 1152 113 7 B,  HCCH=163
2 H,CCH=-119.1 1345 H,C,CH~132.8 H,CCH;=~119.3
223 257 2> 14
0973/H -
1025 1431 H, H
o ~ 1084 1442
Ls2o 1183 }’13 zg%‘:g?g 1.394 H,CO=112.0 106 s/‘/
"\ 5 C=121. o—c H,CO=1114 07<C
C 0/ HCCo1164 - %30 % Hy BCOCSITSA )y, 13951144 \\
§_7 N 531 x-ngccngzna.e 105.2/6\ ° T, HCOH-105 uslyg H
=-70.0 107, -
f H; H,CCO= - N\ o8 H,COH=-119.2 /: H,COC=-59.4
H,C,CH~144.4 = H, *
1.354 HSCOCH.J 6o H, H,COC=107.8 25 H,COC=90.0
(CH;=-136. H,COC=117.4
37T *—>5)a 4 —>5)b
0981 0.974 }'11 1.516 — 0.981/H
1033 98.8 —
7 H, | Hec-un _
1052\\ ';7_3/ H,CC-117.5 O{m.o nos H, ?ggcl;zt}s )“52
1.640 C—C ---- “H; goccaizia M7\~ s ; - 1.544 \ 1450 (H
I o H.CCO-1170 c Ve H,CCO=118.5 pea i
H, 41136 H,CCO=-115.5 /_J B,CCO=-119.1 / NV H,
H H, {35 1rs H.CCO=-9.6 H 1211
3 H,CCO=72.9 2 H ¢ 132 H,CCO=-117.5
ool H, 5 HCCO=2299 H, ,CLO=117.
6 — 7  HCCO=700 8 H,CC0=927
T—> o7 )a
(7-— 8)b
1.24 -
06 1492
B H,C,H=125.9 1246 “08 H,CC=108.6 1.443 _
1285, |l\1148  H,CH=~1043 1236\ H,CC=108.6 Elgg(')l_‘;s'ol
(.C.) 1159 HCH=1000 " HCco=135.4 \\273 1 Ha o
8137 352 H, HZCOH =158.1 /J \ H,CCO=10.2 129 o S
’,Hl - CHCO=1898 [, 149 ( H, H,CCO=-1113 C u\H _____ H,CCO=-152.2
H~ 1521 H,C;H,0=-20.1 127.6 ,,Hl H,CCO=-179.9 /”4_9 I51%H ‘1290H5H‘CC0='186'°
G, , H,C,H,0=-142.0 _."2 539 HHCC=541 H, 3 HH,CC=176.7
\ H; H,C,H,0=105.8 H, ©
Hy 9 12 10- - 11- 11- > 13

Figure 2. Selected structural parameters of various transition structures involving in the isomerizations and fragmentatigthgof EDions,
optimized at MP2(Full)/6-3++G(d) level. All bond lengths are in angstroms, and angles are in degrees.

additional diffuse functions for hydrogen atom]. A higher level Chase et al* For ZPVE correction, the scaling factor (0.972)
correction (HLC) has been added to account for remaining basishas been chosen to minimize the residuals of the theoretical
set deficiencies. This is HL& —Brng — An,, with A= 0.18, and experimental ZPVEs. The experimental ZPVEs for the
B = 5.03 mhartree (mh)), andng are the number o andp aforementioned set of 24 molecules are listed by Grev &t al.
valence electrons, respectively, amgd> ng. The values ofA Finally, it is noted that all equilibrium and transition structures
andB are determined in the following manner. The valugdof  have been characterized by vibrational frequencies calculations
is arbitrarily set to be 0.18 mh, based on the difference betweenat the MP2(Full)/6-3%+G(d) level.

the exact and calculated energies of hydrogen atom. The value The G2++ heats of formation at temperatufe(AH) in

of B is then optimized to give zero mean deviation from this work are calculated in the following manri@Eor molecule
experiment of the calculated atomization energies of 55 AB, its G2++ AH% is calculated from the G2+ heat of
molecules having well-established experimental validhe reactionAH°t(A + B—AB) and the respective experimental
scaling factors of the MP2(Full)/6-31+G(d) vibrational fre- AH°r(A) and AH%+(B) for elements A and B. In the calcula-
quencies for thermal correction and zero-point vibrational tions of AH° for anions, we set thAH°t value of a free
energies (ZPVE) correction have been determined in the election to be zero.

following way. For thermal correction, the scaling factor (0.948)
is obtained by minimizing the residuédsof the theoretical
frequencies and the experimental fundamentals for the set of
24 molecules listed by Grev et #®The experimental frequen-
cies used are taken directly from a compendium compiled by superscript

Results and Discussions

In our notations, single- or double-digit numerals with
such ad-, 27, etc., refer to stable [{E507]
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Figure 3. Schematic potential energy surface showing the intramolecular isomerization fé§0Q anions. The geometries of all transition
structures are shown in Figure 2.
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Figure 4. Schematic potential energy surface showing the fragmentation pathways for the ethoxidelahiding geometries of all transition
structures are shown in Figure 2.

structures, fragmentation intermediates, or fragments. In addi-at 0 K (Eg), enthalpies at 298 KH>gg), heats of formation at O
tion, notations such as T8(— 27) refer to the TS connecting K (AH®p) and 298 K AH°:gg) for [CoHsO™] isomers, frag-

1~ and2". mentation intermediates, and fragments are listed in Table 1.
The structures of the eight stable,[z0~] isomers/conform- Tabulated in Table 2 are the &2 energies and thermochemi-

ers (L~ to 87), and the three fragmentation intermedia@stp cal data for various TSs. Additionally, it is noted that structural

117), as well as the four sets of fragments: LHHCO™ (127), parameters and G2 energies for bothHEO] radicals and

CH,CHO™ + H; (137), CH3CHO + H™ (147), and CH™ + [C2Hs0™] cations can be found in a recent stitlpy Curtiss
CH,0O (15"), are depicted in Figure 1. Figure 2 illustrates the et al.

geometries of the TSs for intramolecular isomerizations and In the following discussion, when we quote the relative
molecular dissociations. The respective schematic PESs for thestabilities of isomers and conformers, as well as the barriers of
intramolecular isomerization and molecular fragmentations are reactions, we refer to the energy valu¢®«K listed in Tables
displayed in Figures 3 and 4, respectively. ThetG2energies 1 and 2. On the other hand, when we quote the thermochemical
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TABLE 1: G2++ Total Energies Eo), Enthalpies H29g), Standard Heats of Formation & 0 K (AH®g), and 298 K (AH°®gg) Of
[C,HsO7] Isomers (1" —87), Fragmentation Intermediates (9 —117) and Fragments (12 —157)

EO H298 AHofO AHonQS
species (hartree) (hartree) (kJ mol?) (kJ mol?)
CHs;CHO, (1) —154.164 26 —154.159 45 —172.6 —186.1
(—186+ 10y
(—183+ 9y
W-CH;CHOH, (27) —154.106 89 —154.101 82 —22.0 —34.8
Y-CH3CHOH, (37) —154.107 71 —154.102 37 —24.1 —36.3
Y-CH,OCH;s™, (47) —154.092 46 —154.086 87 15.9 4.4
(—11+9)
W-CH,OCHs™, (57) —154.092 23 —154.086 94 16.5 4.2
(—11+9)
ZE-CH,CH,OH, (67) —154.120 99 —154.115 34 —59.0 —70.3
EE-CH,CH,OH", (77) —154.129 67 —154.124 07 —81.8 —93.2
EZ-CH,CH,OH", (8) —154.129 79 —154.124 38 —82.1 —94.1
[CH3 +++H2CO], (9°) —154.105 11 —154.097 00 —-17.3 —22.2
[H:--CHsCHOJ, (107) —154.117 22 —154.110 49 —49.1 —57.6
[H™++*CHsCHO], (11°) —154.120 21 —154.113 62 —56.9 —65.8
CH; + HCO, (12) —154.123 62 —154.116 00
CH,CHO™ + Hy, (13") —154.161 31 —154.152 74
CH;CHO + H-, (14)) —154.099 90 —154.092 63
CH;™ + CH0O, (15) —154.086 79 —154.079 09

2 Experimental result from ref 1P.Experimental result from ref 18.

TABLE 2: G2++ Total Energies Eo), Enthalpies Hzog),
Standard Heats of Formation & 0 K (AH®gp), and 298 K
(AH®r9g) of Various Transition Structures Involving in the
Isomerizations and Fragmentations of [GHsO~] Anions

transition Eo Hoog AH%q AH®08
structures (hartree) (hartree)  (kJ moll) (kJ mol?)
1 —3 —154.075 17 —154.070 15 61.3 48.3
1-—4 —154.008 61 —154.003 66 236.1 2229
1~ —8 —154.108 92 —154.10409 —27.3 —40.8
1-—9 —154.10542 —154.09782 —18.1 —24.3
1"— 10" —154.11627 —154.11080 —46.6 —58.4
27 —3 —154.101 83 —154.096 97 —8.7 —22.1
2-—=T1 —154.043 71 —154.038 54 143.9 131.3
2-— 14 —154.078 04 —154.072 76 53.8 41.5
3 —7 —154.043 07 —154.037 68 145.6 133.6
(4~ —5)a —154.08792 —154.083 15 27.8 41.2
(4~ —5)b —154.082 44 —154.077 06 42.2 30.2
6-— 7 —154.120 76 —154.11553 —58.4 —70.8
(7-—8)a —154.10857 —154.10370 —26.4 —39.8
(77—8)b —154.13022 —154.12504 —83.2 —95.8
9-— 120 —154.09981 —154.092 70 —-34 —10.9
100 — 11~ —154.11750 —154.11154 —49.8 —60.4
11— 13" —154.11905 —154.11365 —53.9 —65.9

data such aaH°’; of isomers and confomers, etc., we refer to
the values at 298 K.

Stable Isomers and TSs for the [GHsO~] Anions. In this
section, we discuss the stable isomErgo 8~ and the various

TS —37), has been located, and the &2 barrier is
calculated to be 13 kJ mol above2~.

The methoxymethyl anion, GE®CH;~, also has two con-
formers: Y-CH,OCH;~ (47) and W-CH,OCH;~ (57). Both
haveCs symmetry, and they also have similar thermal stabilities.
Conformer5~ is just slightly more stable tha#~ by 0.6 kJ
mol~1 at 0 K. The respective G2+ AH°q9g for 4~ and5~ are
4.4 and 4.2 kJ mot. These two values are slightly out of the
error range of the experimentAH®pgg (—11 & 9 kJ mol?t 17)
for CH,OCHs™. However, it should be noted that the error range
of conventional G2 procedure is at leastl0 kJ moi™.
Interestingly, interconversion betweedir and 5~ can be
achieved via two TSs, T8( — 57)a, and TS —5")b. The
former (about 10 kJ mol above5~) involves the rotation of
the methylene group around the CO bond, while the latter entails
inversion at the methylenic carbon with a barrier of ca. 25 kJ
mol~! above5™.

The 2-hydroxyethyl anion, C¥H,OH~, may exist in ZE
(67), EE (77), and EZ 87) conformations. All these conformers
haveCs symmetry. At the G2+ level, conformers~ and8~
have similar stabilities wittAH®s9g values 0f—93.2 and—94.1
kJ mol™, respectively. Meanwhile, conformér is about 23
kJ mol ! less stable thai@~ and8~. The interconversion TSs
for 6~ — 7~ and7- — 8~ were located. Conversiogr — 7~
involves the rotation of the hydroxyl hydrogen around the CO

TSs linking them. The schematic PES for these isomers is shownbond; this rearrangement requires a negligible barrier of 0.5 kJ

in Figure 3.

The ethoxide anion, C¥H,O~ (17), the conjugate base of
ethanol, is the most stable species among the eigiifC ]
isomers. It has a staggered structure vithsymmetry. With
our G2++ method, theAH®;9s is calculated to be-186.1 kJ
mol~%, in excellent agreement with the two experimental values
in the literature—186 4+ 1017 and—1834 9 18 kJ mol. On
the other hand, we also obtained the &2°,95 value (—183.8
kJ molY) for 1-, which is also in very good accord with the
experimental values.

The 1-hydroxyethyl anion, C#£HOH™, has two conform-
ers: W-CH3;CHOH~ (27) and Y—CH3;CHOH™ (37). Both
conformers haveC; symmetry and are less stable thln by
151 and 149 kJ mol, respectively, at the G+ level.
Interconversion oR~ to 3~ can be achieved by rotation of the
hydroxyl group around the CO bond. The TS for this rotation,

mol~1 above6~. In conversion7~ — 8~ via TS(7~ — 87)a,
the methylene moiety rotates from trans arrangement to cis, and
vice versa. The rotational barrier is calculated to be 55 k3ol
at the G2+ level. An alternative route for this conversion pro-
ceeds through T3( — 87)b, involving a simple inversion at
the anionic center. The G2+ barrier is slightly negative for
this particular case, indicating the barrier should be very small.
So far we have discussed the TSs involving interconversions
of conformers and all these transformations have relatively small
barriers, ranging from<1 to 55 kJ mot!. We now discuss the
remaining TSs shown in Figure 3. All these TSs involve either
methyl shift (— — 47) or hydrogen shift1- — 3-, 1~ — 8,
2-—7-,and3” — 77) reactions. The barriers of these reactions
are fairly large: 409 kJ mot for reactionl™ — 4~ and 234,
145, 166, and 170 kJ mol for reactionsl™ — 37,1~ — 8,
2~ — 77, and3 — 77, respectively. It is interesting to note
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that there is no TS linkind~ and7-, or 1~ and6-, due to the
relative orientations of the hydrogens. To efféct— 6-, we

need to proceed via~ — 8 — 7- — 6. To obtain7~ from

1-, we can either proceed vik —8 — 7 orl — 3 —

7-, with the latter requiring a larger activation energy.

Fragmentation Pathways of the Ethoixde Anion (I'). Four
fragmentation pathways df~ were studied in this work:1~
— 12" (CHs + HCO"), 1= — 13 (CH,CHO™ + Hy), 1~ —
14~ (CHsCHO + H7), and1™ — 15 (CH3~ + CH0). These
pathways are summarized schematically in Figure 4.

Among these four fragmentations, bdth— 12~ and1™ —

15" involve complex [CH™---CH,0] (97), which is less stable
than1~ by 155 kJ mot!. Complex9~ can be formed fromi~
via TS@L™ — 97) with a G2++ barrier of about 155 kJ mot.
Productl5~ may be obtained froré~ by a simple bond cleavage
reaction. The overall G2+ barrier of 1~ — 15 is thus 203
kJ mol~1. On the other hand, proton abstraction by:Chithin
9~ through TS9~ — 127) requires relatively little energy (14
kJ mol?) and, in the process, GHand HCO are produced.
Thus the overall barrier fot~ — 12~ is 169 kJ mot™.

Now we turn our attention té~ — 13~. As shown in Figure
4, the complex [H---CH3CHQ] (11") is formed from1~ via
two TSs, TS{™ — 107) and TS0~ — 117), requiring an
overall barrier of 126 kJ mol. Proton abstraction by Hwithin
11~ produces Hand CHCHO™, requiring very little energy
(3 kJ mol?).

Finally, we discuss the fragmentation procesdof—~ 14-.
Upon obtainingl1™ from 1~ in the aforementioned process, a
simple dissociation ofLl1~ produces CHCHO and H. The
energy required is 53 kJ ndl In other words, the overall
energy barrier fol™ — 14~ is 169 kJ mot?. Intuitively, 14~
can also be formed frorti- by a simple bond cleavage reaction,
which may or may not involve a TS. However, such a reaction
is very likely to require more than 169 kJ mélto proceed.

It is of interest to note H and CHCHO can recombine via
TS@  — 147) to form CHCHOH™ (27), the energy barrier
being 57 kJ motl. Thus, the overall barrier fd— — 2~ is 226
kJ mol, as shown in Figure 4. As can be seen in Figure 3,
there is an alternative pathway for the transformatiod of~
27; the barrier for this alternative route is 234 kJ moln other
words, the two routes have comparable barriers.

Comparing the barriers for the four fragmentation pathways
studied as well as with those for the rearrangements involving
17, that of the hydrogen loss reactidtr, (CH;CH,O™) — 13~
(H2 + CH,CHQO"), requires the least energy (126 kJ mi9l
This result is in total agreement with the CAD and IRMP studies
of the ethoxide anioh? It is noted that the barriers of all
rearrangements df~ are larger than 126 kJ nidl. Only the
rearrangemenl™ — 87, with a barrier of 145 kJ maot, is
competitive with the fragmentation proceks — 13".

In passing, combining the results of Figures 3 and 4, we note
that 9~ can be formed from4~ via a dissociation and
recombination mechanism4~ first dissociates td5~ (CH,O
and CH™) and the two fragments then recombine to f®m

Conclusion

The potential energy surface of Jds0~] was studied by the
ab initio G2++ method. Eight stable isomers were found on
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the surface: CBCH,O~ (17), W—CH3CHOH™ (27), Y—CHs-
CHOH™ (37), Y—CH,OCH;~ (47), W—CH,OCH;~ (57), ZE-
CH,CH,OH~ (67), EE-CHCH,0OH™ (7°), and EZ-CHCH,OH~

(87). The calculated heats of formation of these anions are in
very good agreement with available experimental data. Among
these isomers]~ is the most stable species.

Additionally, the transition structures and barriers of the
various rearrangements of the stableHgO~] anions were
determined at the same level of theory. Also investigated were
the following fragmentation processes of the ethoxide anion
(17): 1= — CHy + HCO, 1= — CH,CHO™ + Hp, 17 —
CH3CHO + H™7, and 1= — CH3;~ + CH,O. Among the
fragmentation and rearrangement pathways involtingl~ —
CH,CHO™ + H; has the smallest barrier (126 kJ ml This
result is in accord with the CAD and IRMP studies of the
ethoxide anion.
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