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A Theoretical Study of Substituted Dioxiranes: Difluorodioxirane, Fluorofluoroxydioxirane,
(Fluoroimino)dioxirane, and Hydrazodioxirane
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Equilibrium geometries and harmonic vibrational frequencies of three substituted dioxiran€EC Q-

NF, and CQ(NH),, which have not been previously investigated, are reported. Results are based on second-
order Mgller-Plesset (MP2) and quadratic configuration interaction through single and double excitation
(QCISD) calculations using 6-31G(d) and 6-311G(d,p) basis sets. Molecular geometric characteristics,
vibrational frequencies, dipole moments, as well as local atomic charges, are compared with those of known
dioxiranes (C@H,, COF,, CON,, COy). It is found that bond lengths and angles of the dioxirane ring are
sensitive to the electropositivity of the central carbon. Hydrazodioxirang(Nd),, is found to be a high-
energy density molecule; whereas fluorofluoroxydioxirane {EQF) may be of further interest as a powerful
oxidizer. Equilibrium geometries and vibrational frequencies of the previously uncharacterized energetically
low-lying 1°B; and £B; triplet states of C@F, and the ground state of its cation, €&'(1?A,), are predicted

and analyzed.

Introduction

The chemistry of dioxiranes has received widespread attention

following the recent discovery by Murray and Jeyarahthiat
solutions of dioxiranes can be prepared and used to carry out
variety of synthetically useful reactions, including, and of
particular note, regio- and stereoselective epoxidatioh#t

the present time, a number of substituted dioxiranes are known

and are used as powerful oxidaht§.Dioxiranes have also been
investigated as potential high-energy metastable compétinds
(e.g., CQ and CGNy1%71?9), Despite the interest in and
importance of such compounds, significant questions remain
concerning, first of all, their molecular properties; the relatively
low thermal stability of such compounds and their high reactivity
make their molecular properties quite difficult to study experi-
mentally. In particular, even preparation and isolation of
dioxiranes proves to be a quite difficult probléfrand, in most
cases, they can only be stored as dilute solutions in kefones.
The parent, or unsubstituted, dioxirane, £ was prepared

by the low-temperature gas-phase ozonolysis of ethylene by

Lovas and Suenraf®:16 Subsequent experimental and theoreti-

cal investigations have shown, however, that the parent dioxirane

is a rather labile structure and can only be stabilized by

appropriate substitution (see refs 17 and 18). On the basis of

ab initio calculations, Cremer and co-workers predicted that,
in contrast to C@H,, difluorodioxirane (CGF) should possess
considerable thermodynamic stabilifyand recently, this di-
oxirane has been synthesized by Russo and DesM&?tbgu
the reaction of its isomer FE{O)OF with CIF, C}, or i in

the presence of CsF. Difluorodioxirane is the only known
dioxirane that is stable in the gas phase at room temperature

consequently, this unusual molecule continues to attract both

experimentalists and theorists to determine its properties.
Investigations of the vibrational spectrum of this molecule
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established that it ha€,, symmetry?°~22 More recent deter-
mination of its vibrational frequencies and geometry, based on
IR and electron diffraction measurements, were performed by
Casper et at* The ab initio investigations of Kraka, Cremer,

aSchaefer, and co-workefgat the CCSD(T) level, showed that

difluorodioxirane is the most stable isomer of this molecule and
they predicted its heat of formatioH;°(298)= —102+ 1.5
kcal/mol), reaction enthalpies, dipole moment (0.60 D), &ad
and’0 NMR spectra.

Studies of difluorodioxirane thus far have only focused on
its ground electronic state. However, the structurally similag CO
molecule was predicted (on the basis of MP2/6-31G(d) calcula-
tions!?) to have low-lying triplet excited states. In analogy, one
can expect that the difluorodioxirane molecule also has low-
lying excited states in which the molecule retains a dioxirane
ring similar to that in the ground state. In the present work, on
the basis of ab initio calculations, it is shown that difluorodiox-
irane does indeed have low-lying excited triplet states. Such
information is likely to be important not only for future spectral
investigations of C@F, but also for calculating reliably
thermodynamic properties of difluorodioxirane at elevated
temperatures. In addition, it will also be shown that there exists
at least one local minimum on the potential energy surface (PES)
of the A, state of the cation, C&,". The predicted equilib-
rium structures of the excited states of difluorodioxirane and
of the cation prove to be quite rigid systems relative to
vibrational deformations, and from this point of view, they might
be observable.

In addition to the studies of difluorordioxirane, we report the
results of ab initio studies of three possible new dioxiranes,
(fluoroimino)dioxirane (CGNF), fluorofluoroxydioxirane (C@
FOF), and hydrazodioxirane (GMIH),). These new dioxiranes
(together with CQF,, CO4, and CQNy) are analyzed to
elucidate the effect of substitution of the hydrogen atoms in
the parent dioxirane by other atoms (or groups) on the CO
fragment structure. T 0 K thermodynamic stabilities of the
substituted dioxiranes relative to unimolecular dissociation
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products are also analyzed with the intent of identifying potential
new metastable compounds for further detailed study. Although
the molecules in question are sure to have many different
isomers, only structures containing the dioxirane,@@g will

be considered in the present work.

The calculations were carried out using the GAUSSIAN94
package of programs (B-2 and E-2 versidhg)nning on UNIX
DEC Alphas. The geometries were optimized and energies were
calculated using the Hartre€-ock method (HF), second-order
Mgller—Plesset perturbation theory (MP2) with frozen ctra8
and quadratic configuration interaction method through single
and double excitations (QCISE)with the 6-31G(d) and
6-311G(d,p) basis set8 The harmonic vibrational frequencies
were calculated by the MP2/6-311G(d,p) method at the geom-
etries optimized at the same level of theory. Additional geometry
optimizations were performed on G, at the MP4(SDQ)/6-
311G(d,p), MP4(SDTQ)/6-311G(d,p) and MP4(SDQ)/cc-pVTZ
levels to elucidate the effects of triple excitations and higher
polarization functions.

Results and Discussion

Geometries and Charge Distributions. The geometrical
parameterfco, Roo, andJOCO of the CQ fragment in the
dioxiranes under consideration, optimized at various levels of
theory and the 6-311G(d,p) basis set, are listed in Table 1. Kraka
et al?> have previously pointed out that though difluorodioxirane
represents a rather difficult correlation problem, structural
parameters prove to be predicted quite accurately at the MP2
level of theory with a polarized triple split valence basis, perhaps
due to a cancelation of basis set and correlation errors.
Calculated structural parameters from Figure 1 may be compared
with experimental data for C®I,'>1® (Rco = 1.388(4) A,
0OCO = 66.2(2F, Ry = 1.090(2) A,0HCH = 117.3(2))
and for CQF»?* (Rco = 1.348(8) A,1OCO= 71.7(5%, Rer =
1.317(6) A,OFCF = 108.8(7}). This comparison shows the
close agreement between the MP2/6-311G(d,p) results and the
experimental values. Furthermore, agreement for both the
unsubstituted and fluorine-substituted dioxirane suggests that
MP2/6-311G(d,p) should allow one to describe quite reliably
the effects of substitution on the geometrical parameters of the
CO, fragment. Moreover, the calculated MP2/6-311G(d,p)
dipole moments of the parent dioxirane (2.56 D) and difluo-
rodioxirane (0.62 D) are, perhaps surprisingly, close to the
experimental value of 2.4& 0.07 D for CQH, (2.51 D at the
CCSD(T) level®) and to the value of 0.60 D recently predicted
for COF, by Kraka et al. at the CCSD(T) level with a cc-
VTZP+f basis set. To further address the adequacy of the MP2/
6-311G(d,p) level of theory for describing the various substituted
dioxiranes, we performed additional calculations on,S9
which has a quite different charge distribution than doegfzO
Table 2 shows that the inclusion of triple excitations (i.e., MP4-
(SDTQ)/6-311G(d,p) vs MP4(SDQ)/6-311G(d,p)) increases the
predicted bond lengths, i.e., 0.010 A f@go and 0.005 A for
Roo, and the bond angle of the dioxirane ring. On the other
hand, inclusion of higher polarization functions (i.e, MP4(SDQ)/
cc-pVTZ vs MP4(SDQ)/6-311G(d,p)) slightly decreases the
bond lengths, i.e., 0.002 A for bofR:o andRoo, and decreases
the bond angle. Parenthetically, we note that 6-31G(d) overes-
timates bond lengths and, generally, the OCO bond angle, at
all levels of theory, relative to 6-311G(d) for GR; similar
deviations are found for the other substituted dioxiranes and
the unsubstituted dioxirane (N.B. 6-31G(d) results may be
obtained directly from the authors). Taking these results into

TABLE 1: Geometrical Parameters Reo and Roo (A) and DOCO (deg) of Dioxiranes at Various Levels of Theory

CONzH(cis) CQONzH,(trans)

CONF

CO,FOF

COFo(11A;) CO,

COH;

OOCO Roo Rco OOCO  Roo

Reo

1487 1.321/1.327

OOCO Roo Rco OOCO Roo Reco OOCO Rop Reo OOCO Roo Reco OOCO  Roo
1480 1.313 1469 1.290

Reo

method/basis set
HF/6-311G(d,p)

1.464
1.566
1.550

67.1
70.5
70.0

1464 1.324
1565 1.357
1551 1.351

67.1
70.4
70.0

1.615 1.353/1.362
1.593 1.349/1.355

70.4
75.2
74.2

1572 1.324

68.0
715
712 1559 1.320

1.576 1.340

69.1
72.6 1588 1.345
72.3

1.571 1.341

1.470 1.304
1.558 1.335

68.1
715
711

63.8 1.432 1.313
66.1 1.514 1.345
65.7 1502 1.340

1.355
1.388

QCISD/6-311G(d,p) 1.384

MP2/6-311G(d,p)
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Figure 1. Optimized MP2/6-311G(d,p) structures and Mulliken charges F19ure 2. Optimized MP2/6-311G(d,p) structures and Mulliken charges

of COHp, COsF, COs, and CONL. ?f nev)v dioxiranes: CE@NF, CO,FOF, CQN,H(cis), and CGNH2-
trans).
TABLE 2: Geometrical Parameters Reo and Roo (A) and I
0OCO (deg) and Reaction Energy Ofcﬁzodioxf?gn(e )at TABLE 3: Molecular Symmetry of Equilibrium Structures
Various Levels of Theory and Calculated Dipole Moments of Dioxiranes
reaction energy molecule molecular symmetry dipole moment (D)
geometry CQ, + COH c 256

method/basis set Ro LOCO Roo Np— CON; COZF; CZ 062
HF/6-31G(d) 1.327 68.3 1.489 211.1 COs D2g 0.00
HF/6-311G(d,p) 1.320 67.8 1.472 218.3 CO:N:2 Co 0.46
MP2/6-31G(d,p) 1.363 71.7 1597 193.8 CONF Cs 1.24
MP2/6-311G(d,p) 1.351 71.7 1.583 201.4 CO,FOF Cs 0.54
QCISD/6-31G(d) 1.358 714 1.584 189.8 COuN2H;(cis) Cs 3.17
QCISD/6-311G(d,p) 1.346 71.0 1.564 198.4 CO:NzH,(trans) Cs 1.44
MP4(SDQ)/6-311G(d,p) 1.346 71.2 1.567 198.3
MP4(SDTQ)/6-311G(d,p) 1.356 73.0 1.613 197.6 may be explained by the fact that substitution is accompanied
MP4(SDQ)/cc-pVTZ 1344 70.7 1555 193.5 by essentially increasing the positive charge on the carbon atom

(by 0.31-0.55 e) (see Figures 1 and 2), while the negative

account, one may expect the accuracy of the MP2/6-311G(d,p)charges on the oxygen atoms of the G@gment decrease (i.e.,
method used in this study to be sufficient to describe quite absolute values) only a little (by 0.069.031 e). It may also
reliably the structures and the electronic properties of the pe noted that, and as should be expected on the basis of the
substituted dioxiranes in question. high electronegativity of the OF group, the structural parameters

All but one of the dioxiranes in Table 1 and Figures 1 and 2 for the CQ fragments in the molecules GB and CQFOF
may be seen to containG, symmetry CQfragment. Theonly  are almost the same. Table 2 reports the symmetry and
exception is the cis-isomer of GMH),, in which CO bond calculated dipole moments of the equilibrium structures of the
lengths (1.353 and 1.362 A) are different by 0.01 A. In the case dioxiranes considered in the present work. As may be seen from
of CO,NF, which has a plandCs structure, the position of the  this table, redistribution of electron densities as a result of
fluorine atom is asymmetric relative to the dioxirane ring. substitution of hydrogen atoms in the parent dioxirane leads to
Nevertheless, €0 bond lengths in the Cragment of CG- significant changes in the dipole moments. The largest dipole
NF are nearly equal, perhaps due to the relatively largg=O  moment (about 3.1 D) is predicted for the cis-isomer of,CO
distances; although, charges on the oxygen atoms are slightly(NH),.
different (—0.11 and—0.12 e). The length of the €0 bonds Vibrational Frequencies and Energetic Stability.Harmonic
(1.324 A) and OCO angle (75Rin this molecule prove to be  vibrational frequencies and IR intensities for the dioxiranes
the shortest and largest, respectively, among all species con-under consideration, calculated at the MP2/6-311G(d,p) level,
sidered in the present work. These structural parameters of theare listed in Tables 3 and 4. Table 3 also includes the results of
CO; fragment in CONF are close to the analogous parameters recent state-of-the-art calculatiéfhfor CO,H, and experimental

of the dioxirane ring in C@(Rc—o = 1.334 A and0OCO = measuremem$for COF,. The comparison shows that the MP2/

73.& at the CCD/6-31G* levél). This similarity is not 6-311G(d,p) method is able to predict vibrational frequencies
surprising, however, since carbon atoms in:GMd CONF and IR intensities of dioxiranes reliably (N.B. mean deviation
form double bonds (€0 and G=N, respectively). for COF; is 3.7%).

Substitution of the hydrogen atoms in the parent dioxirane  From these tables, it is seen that substitution of hydrogen
by other atoms or groups may be seen from Table 1 to lead toatoms in CQH, leads to increasing the frequency and IR
decreasing substantially the length of the-@ bonds (by intensity of symmetric €O stretching within the dioxirane ring.
0.031-0.047 A) and to increasing the OCO angle (by-4.3  This result is in complete agreement with the aforementioned
6.5°) within the CQ fragment. To some degree, the changes observation of shorter €0 bonds in substituted dioxiranes.
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TABLE 4: Harmonic Vibrational Frequencies (cm~1) and IR Intensities (km/mol) of CO,H,, COyF,, CO4, and CO,N,2

COH2 COF,

mode present work Schaefer et@l. present work exfd CO, CO:N,
vi(ar) CO sym str 1316 (35) 1311 (38) 1523 (420) 1467 1684 (446) 1727 (264)
va(ay) CX sym str 3128 (31) 3187 (28) 936 (7) 918 999 (9) 1255 (4)
vo(ay) OCO def 772 (1) 759 (1) 697 (8) 658 709 (19) 610 (8)
va(ay) CX scissor 1582 (3) 1578 (3) 525 (3) 511 593 (0) 482 (12)
vs(2e) CXotwist 1047 (0) 1050 (0) 391 (0) 416 338 (0) 421 (0)
ve(by) CX asym str 3232 (35) 3109 (34) 1286 (384) 1260 1111 (89) 1121 (68)
v7(by) CXzrock 1208 (11) 1200 (8) 570 (10) 557 549 (14) 474 (16)
va(b) CO asym str 958 (27) 931 (19) 1145 (91) 1062 1111 (89) 1091 (24)
vo(b) CX,wag 1297 (0) 1292 (3) 627 (11) 621 549 (14) 867 (0)

@ |ntensities are given in parentheses.

TABLE 5: Harmonic Vibrational Frequencies (cm~1) and
IR Intensities (km/mol) of CO,NF, Co,FOF, CO,N;H(cis),
and CO,N H(trans)?

dioxiranes in question to the particular dissociation limits. In
the case of C@F,, the calculated energy—-10.4 kcal/mol) of
the reaction C@+ F, — CO,F; is relatively close to the most

CONF COFOF  CQNaHy(cis) CQNaH(trans) accurate theoretical value-8.0 kcal/mol) obtained at the
v, 218(7) 164 (0) 354 (15) 360 (3) CCSD(T)/VTZP+f level by Kraka et af® However, in the case
Vs 293 (1) 281 (2) 439 (37) 437 (6) of CO,H; the 0 K reaction energies of GO+ H, — COH;
V3 ggi g;) 438913((1(;) 541480((7?;‘7) 42277(?%) calculated in the present work (108.2 kcal/mol) and by Cremer
V4 17
o 669 (9) 481 (1) 709 (6) 712 (6) et all’ at t_he CCSD(T)/TZ2P level of theory (101.9 kcal/
ve  933(32) 605 (11) 951 (86) 946 (26) mol) are dlfferer)t by 6.3 kcal/mol. From Table 2, thg MP2/6-
v, 1095 (34) 639 (12) 951 (86) 976 (0) 311G(d,p) reaction energy of GN, (201.4 kcal/mol) is seen
vg 1249 (65Y 681 (10} 975 (5) 987 (183) to be over 11 kcal/mol larger than the results from more accurate
ve 1926 (242) 912 (14) 1065 (21) 1086 (143) calculations'®11We note that MP4(SDQ) reduces the predicted
V1o 1001 (7) 1070 (52) 1138 (7) reaction energy to 198.3 kcal/mol; inclusion of triples provides
512 ié%g gt%a iggg ggg)) igg (qs);) a further reduction of 0.7 kcal/mol; use of the cc-pVTZ basis
V1a 1658 (298) 1664 (304) instead of 6-3llG(d,p) at the MP4(SDQ) level causes a
Vig 3473 (5) 3519 (7) reduction of 4.8 kcal/mol. Hence, although it is clear that
Vs 3495 (10) 3523 (28) guantitative reaction energies for these molecules require triple

aVibrational modes:20CO scissors? CO asymmetric stretc.CO
symmetric stretch? OCO deformation® CO, rocking.

From this point of view, it is not surprising that the largest
symmetric C-O stretching frequency is observed in the case
of CONF where the €O bond is the strongest. In addition,
as should be expected on the basis of the similarity of the
structural data of CgFOF and CGF; (vida supra), these

excitations and higher polarization functions, MP2/6-311G(d,p)
results are sufficiently accurate to be useful in assessing relative
stabilities of the substituted dioxiranes.

As may be seen from Table 5, the energetic stability of
dioxiranes in which the hydrogen atoms have been substituted
by strongly electronegative atoms (such as O and F) is much
greater than that of compounds substituted by N. Difluorodiox-
irane is the only energetically stable molecule among all the

molecules have almost the same characteristic vibrational species considered in the present work. Other molecules are

frequencies for the dioxirane ring.

energetically metastable relative to their lowest adiabatic

The absence of imaginary frequencies in Tables 3 and 4 dissociation limits, with CgN being the most energetic (201.4

confirms that the structures of the new dioxiranes 8B COy-
FOF, cis- and trans-isomers of @@H),), shown in Figure 2,

kcal/mol). The bicyclic C@Qstructure is more stable than @O
presumably due to the higher stability of the £€ng in

correspond to (local) minima on their PESs. The structures of comparison with the cyclic C\Nfragment. Table 5 shows also

both isomers of Cg{NH), prove to be quite rigid relative to
vibrational distortions (N.B. their lowest frequencies are about
350 cntl), and from this point of view, such structures might
be observable. CDIF and CQFOF are essentially less rigid.
The normal mode corresponding to the lowest frequency ig CO
NF (218 cn?) is dominated by the valence angle bend of the
fluorine atom across the =N bond, conserving the planar

that the previously unknown dioxiranes, eN¥F, CO,FOF, cis-
CON5H,, andtransCONoH,, are metastable, with the cis- and
trans-forms of CG@N;H; being the most energetic among them.
The adiabatic decay of these two species t0, 00, and H

will be accompanied by the release of large quantities of heat
(about 180 kcal/mol); and their energetic efficiency, thus, is
comparable to that of CDI,. On the basis of the data in Table

structure of the molecule. This valence angle bend connects two5 and the excitation energy of NP{8),32 we may expect that

equivalent local minima on the PES of @F, corresponding
to two equivalent positions (i.e., right or left) of F relative to
the CG=N bond (see Figure 2). In the case of FOF, the lowest
vibrational frequency (164 cm) corresponds to a displacement
of the fluorine atom of the OF fragment out of the molecule’s
symmetry plane.

The relative energies of the dioxiranes with respect to their
lowest dissociation limits, containing the molecules Np, O,
F,, F,O, NF, and linear C@in their ground electronic states,
are given in Table 5. The values in Table 5 are corrected for

the adiabatic decay of GOF to CQy(X) + NF(a) will be
accompanied by the release of about 48 kcal/mol of energy.
Thus, in contrast to the isomers of eQH,, neither CONF
nor COGFOF may be considered to be high-energy metastable
compounds. However, since GRIDF has a low decomposition
reaction energy (26.8 kcal/mol), and structural and spectroscopic
characteristics similar to CB,, this compound could be a
powerful oxidizer.

Low-Lying Excited States of Difluorodioxirane and lIts
Cation. As mentioned in the Introduction, experimental and

zero-point vibrational energy. It should also be noted that, in theoretical studies of difluorodioxirane have thus far only
general, an adiabatic curve will not necessarily connect the considered the ground electronic state. However, the recent



Theoretical Study of Substituted Dioxiranes J. Phys. Chem. A, Vol. 103, No. 4, 199825

TABLE 6: MP2/6-311(d,p) Reaction Energies (kcal/mol) of -0.195
Dioxiranes /
compound reaction energy reaction

CO4 93.2 CQ+0,— COy

COH, 108.2 CQ+ H,— COH;

COze —10.4 CQ + Fg - COZFz

CONF 81.4 CQ+ NF— CONF

COzNzHg(CiS) 181.1 CQ+ Ng + Hg - COZNsz

CO,NzH;(trans) 178.6 C@+ N2+ H, — CON2H,

CO,FOF 26.8 CQ+ F,O0— COFOF

calculations on the bicyclic form of C{at the MP2/6-31G(d)
level? indicate the existence of low-lyingB; and 3B triplet
states generated by excitations localized mainly within the
dioxirane ring(s). In analogy with CfQone could expect that
difluorodioxirane may also have low-lying excited states in
which the molecule will have a dioxirane ring.

The calculations performed in the present work, using the
unrestricted HartreeFock (UHF), MP2 and QCISD methods
with 6-31G(d) and 6-311G(d,p) basis sets, show that, at all levels
of theory, the lowestB; and3B, states of CGF, turn out to be
at least locally bound. The equilibrium structures of the molecule
in these states ha¥&, symmetry and do indeed include a €O
fragment. Irreducible representations are derived from a mo-
lecular orientation in which thg-axis is parallel to the 60
bond. At the QCISD/6-311G(d,p) level, the excitation energies
of the BB; and PB, states are equal to 1.10 and 1.62 eV, 0.147
respectively. Their dipole moments, however, are quite differ-
ent: 0.80 and 0.01 D, respectively. Table 6, which gives the COzF2* (1 2A9)
geometrlgal parametecho, RO.O’ and JOCO of the CQ Figure 3. Optimized MP2/6-311G(d,p) structures and Mulliken charges
fragment in the states in question, shows that the UHF values ¢ ihe lowest®B; and 3B, excited states of C®, and of the cation
of Reo are too short and that the structural parameters at the co,F,*(12A,).

MP2/6-311G(d,p) and QCISD/6-311G(d,p) levels are quite
close. The optimized MP2/6-311G(d,p) structures obEQON E%%LOE éeg(seg?ﬁgig?éxﬁg ﬁg“gtiﬁgsoRfc&ﬁSgrEg% )Eé; r?é‘?n

s NI .
tmhsl;gjlle?rngrfi?aflssgtfjvz:je tigtt),\l\;glirrlw Tt!geuézsé ﬁggg';g: the Its Excited 1°B; and 1°B; States at Various Levels of Theory
state of CGF; is related to the ground singlet state by a one- COF5(1°B1) COF(1°B,)
electron excitation #rgx(02)) = bo(0u(O2)) localized mainly method/basisset Rco OOCO Roo Rco OOCO Roo
on the Q moiety. Such an excitation must mainly lead t0 HF/6-311G(d,p) 1312 899 1.854 1357 1159 2.300
increasing the ©0 bond length (and to increasing the OCO MP2/6-311G(d,p)  1.347 93.8 1.967 1.369 117.2 2351
angle) without any significant change to the-O bond length. QCISD/6-311G(d,p) 1.341 93.6 1.956 1.369 117.3 2.338
Indeed, as seen from Figures 1 and 3, the structural character- ) o
istics of CQF, in its ground and excitedB, states are very l@%bﬁn%iegl(:czn/g)sgr%g EdR'?%tgr?gmggI((:k\rﬂ})nrw%tll)og?lcoze in
similar and differ, in fact, only by an increase of the OCO angle |ts Excited 12B; and 13B, States and of the Cation
and O-0O bond length in the triplet state. It may also be inferred CO.F,"(12A,)
from these figures that the excitation connecting the ground and mode CQFA(13B1) COFA(1°B;) COF:(12A7)
13B, states is mainly localized on the G®agment. However,
the nature of the corresponding electronic excitation seems to *&) COsymstr 1389 (374) 1231 (223) 1428 (446)

-0.159

3
1 3B1 13B,;

be essentially more complex than could be expected on the basiszzggg 823’&1? ! 2223 ((81)8 ) (?103? ((73)) 79968 ((f%)

of the qualitative model suggested in ref 12. In fact, one observes y,(a;) CF, scissor 443 (0) 396 (0) 525 (6)

that this excitation leads not only to a longer-O bond length vs(@) CFtwist 415 (0) 580 (0) 393 (0)

but also to an increased<® bond length. ve(by) CFasymstr 1247(387)  1210(332) 1553 (402)
Comparison of Table 7 with Table 3 shows that vibrational Z;EE;; &F)Z 2;%1 str fggz(%ges) ?1’2%9()311) 511956511(23)895)

frequencies of the triplet states are in general similar to the yqh,) CFwag 613 (18) 623 (11) 597 (5)

vibrational frequencies of the ground state. Large deviations
(vg for 1%B; and v; for 13B,) are connected with modes ) o o
dominated by displacements in the €@oiety. structure of the cation, CF,"(12A), shown in Figure 3, is in
Taking into account the very simple nature of the excitation qualitative agr_eemfen.t With .this expe(.:tat.ion. At this level of
generating the 3B, state, one could expect that removing one theory, the adlabanc ionization potentlal_ls _equ_al to 11.45 e\(.
electron from the highest occupied orbitalza,x(O)) of the As seen from Figures 1 and 3, the ionization process is
ground state will lead mainly to a decrease of the@bond accompanied by a drastic redistribution of charges on the atoms,
length. In other words, the cation, GB*(12A), could be which leads to not only decreasing the-O bond length but
expected to have,, symmetry and also contain a dioxirane also to decreasinBcr and to increasinico in comparison to
ring, perhaps with shorter-©0 bond length than the ground the parent molecule GB,. The orbitals’ relaxation effects seem
state of the neutral, C®,. The optimized MP2/6-311G(d,p) to be quite important for describing this ionization process.
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