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The possibility of the existence of (H,0),” anions with n
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Structural changes that occur in cyclic and chain-like water pentamers and hexamers
when an eclectron is added were analyzed at the unrestricted Hartree—Fock level. The
vertical and adiabatic electron affinity of the oligomers, the energics of vertical detachment
of an electron from the anions (¥DE), and the stability of the anions against dissociation into
individual water molecules and a free electron were estimated taking into account the second
order perturbation theory (MP2) corrections to the energy. All water anions considered are
stable against dissociation, but their VDE values are negative, and only the chain-like
hexamer anion has a value of VDE ciose to zero, which means metastability of the anion. The
energy of attachment of an electron to the oligomers is lower in the case of chain-like
structures. The process is accompanied by structure relaxation, which is more substanttial for
cycles, especially for the cyclic hexamer. In the chain-like anions, the excess electron density
is localized on the hydrogen nuclei of that terminal water molecule that acts as an acceptor
of the H-bond proton, while in the cyclic anions it is distributed on the orbitals of those free
hydrogen atoms that significantly approach each other due ta structurat relaxation.
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electron affinity, vertical detachment of an electron.

In the previous work,! we showed that all models of
a hydrated electron described in literature contain some
restrictions or assumptions that predetermine the final
result. For this reason, we decided to perform non-
empincal calculations of the (H,0),” anions without
restrictions on the geometry or orientation of water
molecules and with a basis set involving functions cen-
tered on the nuclei only. The structures of the (H,0),”
and (H,0), clusters with n < 4 have been optimized! at
the UHF/4-31++G** level, and the vertical (£A, )
and adiabatic (£A4,q) electron affinity of the (H,0),
clusters, the energy of vertical detachment of an elec-
tron from the (H,0),” anions (VDE), and the stability
of anions against dissociation into individual molecules
and a free electron (S) have been estimated at the
MP2/4-31++G** level.

Though trimer and tetramer anions are stable against
such dissociation, vertical detachment of an electron
from them proceeds with the liberation of energy. How-
ever, as the cluster size increases, this energy decreases
so substantially that, if this tendency is retained, the
VDE value of the hexamer anion could become positive.

In the present work we consider (H,0),” anions with
n =5 and 6.

Method of Calculations

As in the previous paper,! the O atom is denoted by the
italic number that is in the parentheses by the O symboi on the

figure of the cluster (e.g., / instead of O(1)), and the H atom is
in the same way denoted by a smalf italic letter (e.g,, ¢ instead
of H{c)); Hy, is a hydrogen atom participating in an H-bond
("bridge” atom) and Hg, is a “free” atom forming no H-bond;
H I—a) or /{I...a) is the distance between the O(1) and H(a)
atoms; 8(a—/—8) is the H(a)—O(1)—H(b) angle; ¢(bcd2) is
the H(b)—H(c)—H(d)—0(2) dihedral angle; g(a) is the charge
on the H(a) atom; and s(a) is the spin population of the H(a)
atom. The charges and spin populations were calculated in the
framework of Lowdin population analysis. The mean value of
some variable f is denoted as <f>.

All the results were obtained using the GAMESS pro-
gram.2

Results and Discussion

The approach applied. The structures of the (H,0),”
oligomers (n < 4) have been optimized! in the frame-
work of the unrestricted Hartree—Fock methoed with the
4-31++G** basis set, which inwvolves both the diffuse
functions necessary for describing the excess electron of
anions, and polarization functions, which improve the
description of neutral oligomers. Structural optumization
of (H;0),” anjons with n = 5 and 6 at the same level
without geometric restrictions requires too much calcu-
lation time. For this reason, we investigated how sub-
stantially the structure of anions with n < 4 changes on
going from the 4-31++G** basis set to the 4-31++G
basis set.

Eliminating polarization functions from the basis set
causes no qualitative change as compared to the picture
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obtained earlier. The parameters of water molecules
change in the same way as in the neutral oligomers: the
valence angles increase on the average by ~5—5.5°, and
in the chain-like trimer and tetramer anions, the least
noticeable change is in the valence angle of that termi-
nal water molecule on which the excess electron density
is mainly localized. The intemuclear distances also in-
crease: {O—H,,) on the average by 0.015—0.020 A and
n(O—Hg) by 0.007—0.008 A. As to the hydrogen bonds,
the AO...H) distances decrease on the average by
~0.2 A, and the corresponding 6(0O—H,,...0) angles
increase by ~3° in the dimer, by ~4° in the trimer, by
~3.5% in the chain-like tetramer, and by only ~1.2°in the
cyclic tetramer.

The excess electron density in the monomer is still
iocalized mainly on the hydrogen atoms. The charges on
these atoms become somewhat less negative (—0.113 au
as compared to —0.201 au). In the dimer anion and the
chain-like trimer and tetramer anions, the excess den-
sity is, as before, distributed over the nuclei of the
terminal water molecule. The negative charges, g (au),
on the corresponding H atoms are somewhat lower, but
on the whole, due to the substantially more negative
charge on the O atom, the charge of the molecule is
closer to —| au:

Anion Charge UHF/4-31++G** UHF/4-31++G
(H,0),~ [{8) —0.600 -0.793
<g(H)> -0.117 -0.050
(H,0)y~ ¢(0) -0.593 —0.794
<gq(H)> -0.110 -0.039
(H,0)4~ q(0) -0.593 -0.793
<g(H)> -(.099 —0.034

Note that the population of the polarization AOs is
negligible (~0.04 au) compared to the population of the
diffuse s AOs of the H atoms (~0.48 au). In the cyclic
tetramer anion, the excess electron density is uniformly
distributed over the free hydrogen atoms of all the H,0
molecules. Eliminating the polarization functions from
the basis set results in an increase in the charges on the
H atoms (<g{H,)> from 0.254 to 0.363 au and <¢(Hg)>
from 0.065 to 0.153 au) and a corresponding decrease in
the <g(0O)> from —0.569 to —0.765 au.

These results allow us to assume that the structural
relaxation of water clusters after the attachment of an

electron can be studied at the UHF/4-31++G level. The
geometric parameters are fairly close to those obtained
with the 4-314++G** basis set with only one difference:
the strength of the H-bonds is overestimated. As to the
electron density distribution, we can sufficiently correctly
judge only the contribution from one or another fragment
of the cluster anion to the excess electron localization.
More precise data can be obtained in a single-point
calculation of the UHF/4-31++G-optimal structure with
the 4-31++G** basis. We should also estimate how
significantly the basis size affects the calculated energetic
charactenistics.

Table | contains estimations of the vertical and adia-
batic electron affinity of the neutral oligomers, the
energies of the vertical detachment of an electron from
the anions, and the stability of the anions agarnst disso-
ciation into separate water molecules and a free elec-
tron. The energetic characteristics were calculated tak-
ing into account the second order perturbation theory
(MP2) corrections to the energy:

EAven = H(Hlo)n) - E'{(Hlo)nﬁiv
EAy = El(H;0),] — E(H0),7],
VDE = E‘[(HZO)AI - E[(HZO)n—l,

S = ZE,(HIO) - H(HZO)A‘L

where E[(H,0),] and £](H,0),7] are the absolute ener-
gies of the structures of the neutral oligomer and the
anion optimized at the Hartree—Fock level; £7{(H,0),]
and E'[(H;0),7] are the absolute energy of the neutral
oligomer with the geometry of the optimized anion and
that of the anion with the geometry of the optimized
neutral oligomer, respectively; and E(H;0) (/ = 1,..., n)
are the energies of the constituting water molecules
corrected for the basis set superposition error. The col-
umns entitled 4-31++G and 4-31++G** contain the
energetic estimations obtained using the specified basis
set for structures optimized with that basis. The
"4-31++G**" columns contain the energetic estimations
obtained using the 4-31++G** basis set for structures
optimized with the 4-31++G basis.

Consider the energies of vertical detachment of an
electron from the cluster anions and their stability agaiunst

Table 1. Energetic characteristics (eV) of the (H,0), oligomers and the corresponding (H,0j,” anions (n = [—4)
n —EA,en —EAy -VDE S
| {1 f1 i i1 {il | it itt i 1 il

} 0.957 0.973 0981 0.916  0.943 0.932 0.931 0.955 0959
2 0.640 0.705 0689 0536 059 0.589 0.532 0.563 0600 —0312 -—-0.408 —0.448
3 1.017 0915 0979  0.578 0.577 0.536 0.279 0.328 0.360 0.226 0.044 0.002
4 (cyclic) 0.991 0.888 0.948 0.879  0.685 0593 0.450 0.2 0333 0.553 0437 0.363
4 (chain-

like) 0.343 0.527 0.407 0171 0.276  0.269  0.143 0.190  0.228 0.711 0.435 0.359

Note. |, 4-31++G; U1, 4-31++G**; 1], "4-31++G**".
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dissociation into the constituting water molecules and
an electron. These values determine the possibility of
the existence of the anions. The calculations with the
4-31++G basis set underestimate the "“instability” of the
anijons, while those in the "4-31++G**" variant overes-
timate it. The 4-31++G basis set involves diffuse func-
tions, which are necessary for reproducing the stabiliza-
tion effects of the anjons, but it does not correctly
describe some of the structural peculiarities of the neu-
tral otigomers. Therefore, the estimations of VDE and S
with the 4-31++G basis set are somewhat higher than
those with the 4-31++G™** basis. At the same time, in
the "4-31++G**" variant, the energy of an anion is
not minimum, because the optimization has been per-
formed in the absence of polarization functions, and,
correspondingly, the VDE and § values are lower than
those obtained with the 4-31++G** basis set. Thus, the
"real” estimations (with the 4-31++G** basis set) lie
somewhere between those obtained in the 4-31++G and
"4-31++G**" variants.

H(c)

o)
O(l) ,-""‘ H(d)\\‘"--p(3) ..........

H(b) r o Ay 0O
H(e) HO H(g)

(H,0)s

H(a)

(H,0)5

Fig. 1. Structures of the chain-like neutral (H,0)s pentamer
and the (H,0)s™ anion.
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Fig. 2. Structures of the chain-like ncutral (H;0), hexamer
and the (H,0)¢™ anion.

Thus, the optimization of the geometry of (H;0),,~
clusters with n = S and 6 can be performed at the
UHF/4-31++G level, and the clectron density distnbu-
tion in the obtained structure can be estimated
in a single-point run with the 4-31++G** basis set.
The stability of the structures can be judged from
the upper (MP2/4-31++G) and lower estimations
(MP2/°4-31++G**") of the VDE and S values.

(H,0)," structures (2 = 5, 6). All structures con-
sidered below correspond to minima on the potential
energy surfaces. Pentamer and hexamer anions, simi-
larly to the tetramer anion, can exist not only in a cyclic
configuration, but also as, among others, chain-like
structures (Figs. [—4).

The geometric parameters of the chain-like pentamer
and hexamer anions (see Figs. | and 2) are compared in
Table 2. Structurally, they differ insignificantly from the
original ncutral oligomers. The parameters of the indi-
vidual water molecules, their mutual orientation, and
the strength of the H-bonds between them are similar in
these chains. The hydrogen bonds are somewhat shorter
and less deformed than those in the neutral oligomers.
The excess electron density is localized chiefly on the
terminal H,O molecule that is an acceptor of the H-bond
proton: g(5if) = —0.830 au in the pentamer anion and
g(6kf) = —0.817 au in the hexamer anion. Accordingly,
the greatest contributions to the highest occupied MO
come from the diffuse s orbitals of the H(i), H(j), O(5),
and H(h) atoms in the case of the pentamer anion and

H(c)
H(i) ;
‘ . H(b
H() o) (-)------ o)
o(5) -, g H(d)
N H(ﬂ) a‘
0(4) H(®
H(g) Hie)
(H,0)5
H{c)
H{b) o)
Hi) o) .7
H() q H(d)
005) ’ H (a) 5
gmg) L HC(e)
H(h) 0(4) Hn  O0)

(H,0O)5

Fig. 3. Structures of the cyclic neutral (H,0)s pentamer and
the (H,0)¢™ anion.
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H()
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Iy

H(k)

H
@ 0@ .- Hpy H@
Hy 9@ -
O(3) H(c)
Hie)
(H,0)4
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Fig. 4. Structures of the cyclic neutral (H,0)4 hexamer and
the (H;0)¢™ anion.

from the H(k), H(l), O(6), and H(j) atoms in the case of
the hexamer anion. Note, however, that the energy of
this MO is positive: 0.0057 au in (H,0)s™ and 0.0031 au
in (H,0)¢".

The cyclic pentamer and hexamer anions are less
similar in structure and charge distribution, and do not
rescmble the tetramer anion. Consider first the pentamer
(Table 3, see Fig. 3). Both in the ncutral oligomer and
in the anion, four oxygen atoms lie practically in the
same piane, but the deviation of the fifth oxygen atom
(O(2)) from this plane is substantially larger in the
anion. On the whole, the excess electron makes the
structure more compact, because the molecules reorient
to provide the maximum possible localization of the
excess electron density. Therefore the most distant frag-
ments of the structure approach each other: in the
neutral cluster, fc...g) = 5.670 A and Ac...i) =5.732 A,
while in the anion, Ac.g) = 3.932 A and AHc..i) =
4.276 A. As a result, the greatest contribution to the
highest occupied MO comes from the diffuse s orbitals
of the H{c), H(g), and H(i) atoms. Accordingly, com-
pared to the neutral oligomer, the charges on the H(c)
and H(g) atoms change most substantially, and those on
the H(i) and H(e¢) change less noticeably: ¢{g) =

Table 2. Geometric parameters of the chain-like pentamer and
hexamer antons

(H,0)5~ (H,0)4~
/A
n(/—a) = A2—c) = H/—a) = n2—c) = (3—e) =
Hi—e) = Rd—g) =0949 Ad—g) = H(5—i) = 0.949
n1—-b) = 0.967 nl—b) = 0.966
2—d) = n3~-f) = AI—d) =r3—=) = nd4—h) =
n4—h) = 0976 n5—) = 09764
AS—i = AS—) =0962 K6—k) = M6~ = 0.962
n2.5 = 1779 2.6y =1.783
n3.d = 1692 n3.dy =1.709
A4/ = 1679 R4.H = 1673
AS. . h = 1673 n5..h) = 1.680
H6. ) = 1.668

0/deg
for alb, c2d, edf, and g4h:
<o(H—O—H)> = (11.53
8(i—5—n = 109.39
for 1—b..2, 2—-d...3,
I—f..4,and 4—h...5:
<8(0—H...0)> = 175.84

foralb, c2d. e3f, g4h, and i3
<BH—O—H)> = 111.62
B8(k—06—0) = 109.47
0(1—b. 2 =0(4h.5) = 1727}
6(2—d..3) = (5~—...6) = 178.36
8(I—f.. 4 = 17557

0(7..2..3) = 130.00 8(f..2..3) = 127.33
6(2..3...4) = 12845 8(2..3..9 =129.72
0(3..4..5) = 121.77 8(3...4...5) = 13140
8(4...5...6) = 115.63

o/deg

o(al23) = 43.79 oal2®) = ~75.59

o(c230) = 7212 @(c234) = -16.34
oled45) = 13.60 w(e345) = 64.89
o(gd3d) = 20.14 0(g456) = 15.14
e(iS4) = 3172
o(i547) = 97.46 @(k654) = 94.12
o(j547) = —85.30 (/654 = —82.82
o(b234 = —113.02 @(b234) = 17433
@(d345) = ~169.12 @(d345) = —121.29
32 = ~110.83 o(f320) = 168.61
o(h432) = ~166.49 o(h432) = —119.86
o(j543) = —~154.96

—0.043 au, g(c) =0.050 au, (/) = 0.144 au. and ¢{e) =
0.150 au. The charges on the other hydrogen atoms are

on the average 0.270 au and <g(O)> = ~0.584 au. For
comparison, n the neutral pentamer, <g{(Hg)> =
0.269 au, <g(H,)> = 0.297 au, and <g(O)> =
~0.566 au.

In the cyclic hexamer. similar changes that occur
when an electron is added are still more pronounced
(Table 4. see Fig. 4). The i5j and c2d molecules ap-
proach each other so that an H-bond is formed between
them: in the neutral hexamer A 2...5) = 4.667 A, whereas
in the anion (2.5 = 2.884 A. As a result, the oxygen
atoms of (H,0)¢” form two quadrangles (2345 and
1256) with a common side that are practically planar
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Table 3. Geometric parameters of the cyclic
water pentamer and pentamer anion

Parameter (Hzo)s (H20)5~
r/A
<n(O—Hg)> 0.948 0.952
< O—Hy,)> 0.973 0971
<r(O...Hy)> 1.700 1.768
6/deg
<@(H—O—H)> 113.23 111.65
<9(O—Hy,...0)> 171.76 169.04
8(/..2.9) 103.22 102.54
0(2..3..9 105.32 91.54
8(J...4..5 106.66 109.84
8(4...5...H 105.88 100.18
8(5... 1.0 105.82 98.38
q/deg
o(alsh —128.38 —104.68
@(c2]5) 112.68 58.98
o(ed2) -110.98 175.97
o(g43D) 141.09 79.51
o(i545) 168.77 119.12
@(1234) 35.11 §7.92
¢(2345) —-22.48 —36.57
@(J451 0.94 4.66

and normal to each other. Judging from the charges, the
excess electron density is localized predominantly on
the H{(a) and H(e) nuclei (most distant in the neutral
structure), and is localized to a lesser degree near the
H{(g) and H(c) nuclei: g(a) = —0.053 au, g(e) =
~0.036 au, ¢(g) = 0.203 au, and g(c) = 0.215 au. The
charges of the other H atoms equal on the average
0.272 au, and <g(0O)> = —0.585 au. The greatest con-
tribution to the expansion of the highest occupied MO
comes from the diffuse s AOs of the H(a) and H{e)
atoms. The excess electron density causes the molecules
most distant in the neutral structure to reorient and
significantly approach each other: in (H,0)¢ Ha...g) =
6.589 A and Aa...e) = 5.831 A, whereas in the anion
Ha..g) = 4510 A and f(a...e) = 3.718 A,

Thus, a distinguishing peculiarity of the cyclic
hexamer anion is the H-bond between the i5 and c2d
molecules, which additionally stabilizes the structure.
Though the character of the localization of the excess
efectron density does not provide a positive electron
affinity for the given cycle, it probably shows under
which conditions this may occur. This question will be
discussed more precisely after modeling the octamer.
Judging from the structures of (H,0)s™ and (H,0)4",
the cyclic octamer anion would have an almost cubic
structure, and the excess electron density would be
localized on the AQOs of the free hydrogen atoms. De-
pending on the orientation of these atoms (inside or
outside the cube), one wuuiu be able to conditionally
name the localization either inner or surface.

Thus, nonempirical calculation of the (H,0),” struc-
tures with 7 < 6 without geometric restrictions and with
a basis set involving only functions centered on the
atoms provides interesting results that differ essentially
from those published earlied—$. By introducing addi-
tional diffuse functions centered between the nuclei, one
may imitate additional stabilization of these structures.
However, one should first prove that the chosen number
and arrangement of the functions do not lead to arti-
facts.

Let us turn now to the problermn of the existence and
stability of anions of the water oligomers. As can be seen
from Table S, both the vertical and adiabatic electron
affinities of the chain-like oligomers are substantially
less negative than those of the cyclic oligomers. Taking
into account that, when compared to the
MP2/4-31++G** calculation, both the MP2/4-31++G
and MP2/"4-31++G**" calculations underestimate to
some extent (in absolute value) the electron affinity of
chain-like structures (see Table 1), we may assume that
FA,n and EA,4 of the chain-like hexamer are about
—0.35 ¢V (or —8.1 kcal mol™!) and ~0.15 eV (or
—3.5 kcal mol™!), respectively. This means that |EA, .|
of the hexamer does not exceed in order of magnitude
the energy of the hydrogen bond, while [EA 4l ~ kT at
room temperature. Consequently, the formation of the
anion of the chain-like hexamer is thermodynamically
probable; but can this structure exist?

Experimentally, water cluster anions with less than
10 molecules have been obtained”® only by seeding
trace amounts of water in a supersonic beam of inert gas
and introducing low-energy electrons into the conden-
sation zone of the beam. This mneans that either an
anion of this size has an absolute ertergy higher than that
of the ncutral oligomer of the same geometry, or the
energy gap between such an aniont and the correspond-
ing neutral oligomer does not exceed the excitation
energy typical of a supersonic beam. The actual reason
can be judged from the VDE value, i.e., from the energy
of the vertical detachment of an electron from the
cluster anion. As noted above, calculations in the
MP2/4-31++G and MP2/"4-31 ++G**" variants pro-
vide the upper and lower boundiaries of the value in
question. Obviously, the VDE is positive for both
pentamer anions and for the cyclic hexamer anion (see
Table 5), but it approaches zero in the case of the
chain-like hexamer anion, which means that this anion
is already metastable. This estimate is in agreement with
the experimental data.? according to which the VDE of
the hexamer anion is a small {(~3 kcal mol™!) positive
value (the VDE—n~1/3 curve intersects the n~ /3 ‘axis
near n = 6).

Judging from the absolute ene rgies, the anions of the
cyclic water cligomers are thermod ynamically more stable
than those of the corresponditng chain-like isomers.
However, the former differ geometrically much more
from the corresponding equilibri um neutral oligomers.
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Table 4. Geomctric parameters of the cyclic water hexamer and the hexamer anion
(H,0)¢ {H,0)s~ (H;Q) (H,0)¢~
r/A <HH—-O0—H)> = 11289  <B(H~O—H)> = 112.10
Jorap = 12, 23, 34, forap = 12, 23, 34, 45, 8(/—b..2) = 8(3—f..4) = 161.32
45, 56, and 61: 56. 61, and 25: 8(4—h...5 = 177.19 8(/—b..0) =
<Aa..B)> = 2.664 <Ha..B)> = 2.761 H2—d. . = 0(2—d..7) = 169.38
2.5 = 4.667 8(5—j...6) = 175.99 9(4—h..5 =
<AO—Hg)> = 0.948 A I—a) = n3—e) = 0.956 8(3—~f. 9 = 8(6—~1..1) = 166.57
H2—c) = Hd—g) = B(6—1.. 1) = 174.04 0(S5—j...6) =
Ré6—k) = 0.949 0(5~i..2) = 157.39
<HO—H,,)> = 0.974 Al—b) = A3~ = 0/deg
5= = rn5—) = 0.963 (1256) = —6.49 o(1256) = -17.13
nd—h) = A6—h = 0.973 P(2345) = —13.32 @(2345) = —3.58
n2—d) = 0.980 o(al65) = 153.01 o(al63) = 112.10
<O Hy)> = 1693 nL.) = nJ.d) =1.692 0(b165) = —22.05
n3..hy = 1.786 o(c216) = ~94.36 @(c216) = —126.28
n4.H = rn6.p = 1.850 o(d254) = —7.56
n2..b) = 1.392 o(ed2D = 131.02 @ledds) = ~122.20
n2.0) =1976 o(f325) = —0.10
8/deg 0(g432) = 147.56 @(g432) = 109.30
Jor afy = 123 and 456: forapy = 123, 234, plh432) = -7.02
<Ba..B.y)> = 116.74 345, 456, 561, 612, @(i543) = ~93.91 @(i543) = -6.25
for aPy = 234, 345, 125, 256, 452, and 523: e(j521) = -22.98
561,0nd 612 <O(cx...p..y)> = 91.1 p(k659) = 127.07 p(k612) = 161.36

<8(a.p.y)> = 111.67

As a result, the vertical detachment of an electron is
energetically more probable from the cyclic isomer than
from the chain-like isomer. All the anions larger than
the dimer are stable against dissociation into the indi-
vidual molecules and a free electron, and here the cyclic
isomers are even more stable (see Table 5).

To conclude, the calculation of the cyclic and chain-
like water pentamer and hexamer anions at the unre-
stricted Hartree—Fock level with the 4-31++G and
4-31++G** basis sets showed the following. The forma-
tion of chain-like anions requires less energy, and the
structures formed are fairly similar to the original neu-
tral structures. The excess electron density is localized
chiefly on the H nuclei of that terminal water molecule

that acts as an acceptor of the H-bond proton. The
attachment of an electron to a cyclic oligomer requires
substantially more energy and results in more noticeable
restructurization. In the final, more compact structure,
the excess electron density is typically localized near the
H nuclei that are most distant in the neutral structure
and that substantially approach each other after the
attachment of an electron. Both cyclic and chain-like
pentamer and hexamer anions are stable against disso-
ciation into the constituting water molecules and a free
electron. The vertical detachment of an electron from
the pentamer anions and from the cyclic hexamer anion
proceeds with the liberation of energy. However, in the
case of the chain-like hexamer anion, the detachment

Table 5. Energetic characteristics (eV) of the (H,0), oligomers and their (H,0),”

anions (n = 5, 6)

n —EAven —EA,q -VDE S
1 H ! it [ I | i1

S (chain-

like) 0.237 0.306 0.079 0.186 0.042 0.130 1167 0.736
S {eyclic) 0.967 0.923 0.879 0.641 0.489 0.331 1.044 0.752
6 (chain-

like) 0.195 0.266 0.025 0136 —0.032 0.039 1.570 1.099
6 (cvelic) 0954  0.905 0.723 0.463 0.350 0427 1.608 1.248

Nate. |, 4-31++G; I, "4-31++G**"



48 Russ. Chem. Bull., Vol. 46, No. |, January, 1997

Nu.akovskaya and Stepanov

energy is close to zero, which agrees with the experi-
mental data and indicates metastability of the anion.

This work was financially supported by the Russian
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