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Abstract-1,10-Nitroso-1,10-phenanthrolinium tetrafluoroborate was subjected to X-ray diffraction analysis.
A distinctive feature of the complex is the NO group position between two nitrogen atoms of the phenanthro-
line skeleton, and so the complex may be regarded asbelonging to bidentatetype. Thedistance from the N
atom of the group to the nitrogens of the skeleton are approximately equal(2.3 A) and are considerably
shorter that the average intermolecularcontacts of thepair of nitrogenatoms N...N (3.0 A). In the crystal
two types of cations are present where the NO groups are oriented at angles 54 and 61o with respect to
phenanthroline skeleton, and the length of N-O bonds is close to that in NO

+
cation. The geometrical

parameters of cation obtained by ab initio calculations areclose to experimentaldata.

Nitrosonium complexes of organic compounds
have been extensively studied for a long time[1], but
the X-ray structural data of these complexes are
scarce [2311], andsuch studies on the complexes of
nitrosonium cation with N-bases are lacking[1].
However the evidence on molecularstructure of the
latter is important for deeper understanding of
mechanism of a number of significant organic reac-
tions, for instance, ofdiazotization[12], nitrosation
of amides [1] and heterocyclic compounds[13, 14],
of denitrosation of nitrosamines [16] and ot the other
reactions[10, 17320]. The data on the structure of
nitrosonium complexes of N-heterocyclic compounds
are important for understanding of the unique role
of NO molecule and NO

+
cation in biochemical

processes [21329].

The goal of this study was investigation of
molecular and crystal structure of 1,10-phenanthro-
line I complex with nitrosonium tetrafluoroborate.

The structure of salt (I )3NO
+

BF4
3

, is built up from
cations and tetrahedral anions BF4

3

(Figs. 1, 2). In
the unit cell are present two crystallographically
independent pairs cation-anion with similar values of
bond lengths and bond angles (Table 1). Cations in
the crystal formstacks with interplanar distance 3.4A
and anions are localized betweenthem.
ÄÄÄÄÄÄÄÄÄÄ
* The study was carried out under financial support of the

Russian Foundation for Basic Research(grant no. 99-03-
32878).

The list of shortened interatomic contacts is as
follows: N11...F4` 2.67, N11...F4` (3x, 13y, 13z) 2.87,
N11...F3 (0.5 + x, 1.53y, 30.5 + z) 2.82, H5...F1

(30.5 + x, 1.53y, 30.5 + z) 2.36, H7...F3` (3x, 23y,
13z) 2.42, H5`...F1` 2.47, H6...F4` (3x, 23y, 13z)
2.50, H9`...F3` (0.5 + x, 1.53y, 30.5 + z) 2.51A (cf.
[30]). A specific feature of the complex consists in

Fig. 1. Molecular structure of phenanthroline complex with
NO+ BF4

3.
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Fig. 2. Spatial position of cations and anions in the crystal
of complex (I )3NO+ BF4

3.

position of the NO groups:Each NO group is located
between the nitrogen atoms of the phenanthroline
skeleton. The distancefrom the nitrogen of the group
to the nitrogens in the skeleton is approximately equal
(Table 1) and considerably smaller than the average
intermolecular contact value for thepair of atoms
N...N (3.00A), whereas the distancefrom theoxygen
of this group is close to the corresponding value for
the atoms O...N (2.78A) [31]. This fact indicates the
presence of a weak covalent bond between thenitro-
gen in the NO group and the corresponding nitrogens
in the skeleton of a bidentate type complex. The NO
groups are oriented at angles 54 and 61o with respect
to phenanthroline skeleton, and the length of N3O
bonds is close to that in NO+ cation (0.997A) [32],
which is also consistent with the assumption that a
weak covalent bond N3NO exists in the complex. The
atoms of the phenanthroline skeleton are located in
the same plane within+0.02A.

The quantum-chemical calculations by AM1
procedure suggest that the most stable is an asym-
metrical p-complex (I )3NO+ (IIA ) [33]. Ab initio
calculation with the use of 6-31G basis also indicate
as preferable an asymmetrical structure (Table 1, 2)
that is a local minimum situated by14.6 kJ mol31

Fig. 3. Structure of asymmetrical complex of phenanthro-
line with nitrosonium cation (IIA ) according to calculations
RHF/6-31G.

Fig. 4. Structure of symmetrical complex of phenanthroline
with nitrosonium cation (IIA according to calculations
RHF/6-31G.

lower in energy as compared to a symmetrical
complex (IIC ) (Figs. 3, 4).

Analysis of the Hessian [34] revealed that at con-
straint by symmetry in the framework of point group
Cs in the 6-31G basis the symmetrical complex is a
local minimum on the potential energy surface (PES)
and is placed by12.4 kJ mol31 lower than the asym-
metrical structure which is also a localminimum.
Optimization with accounting for electron correlation
(method MP2/6-31G) of the starting geometry
(complex IIA , symmetry C1) leads to a local
minimum with a virtually symmetrical structure (IIC )
(Table 1). Apparently the structure of the asym-
metrical complex is not a minimum in the framework
of MP2/6-31G method. The binding energybetween
cation NO+ and phenanthroline in the symmetrical
complex (ANO+ ) is fairly large and depends on the
chosen approximation (Table 2). All versions of cal-
culations ab initio resulted in close geometrical
parameters for symmetrical complexIIC that
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Table 1. Values of some bond lengths (A) and angles (deg) in the complex of 1,10-phenanthroline with nitrosonium
cation obtained by X-ray analysis andab initio calculations
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Bond ³ X-ray analysis ³ Ab initioa

ÃÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ
or angle ³ cation 1 ³ cation 2 ³IIC (6-31G)³IIC (6-31G*)³IIC (MP2/6-31G)³IIA (6-31G) ³IIA (6-31G*)

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
N13C2 ³ 1.301 (14) ³ 1.364 (15) ³ 1.316 ³ 1.305 ³ 1.356 ³ 1.334 ³ 1.323
N13C10b ³ 1.324 (13) ³ 1.351 (13) ³ 1.350 ³ 1.347 ³ 1.377 ³ 1.366 ³ 1.365
C23C3 ³ 1.355 (16) ³ 1.340 (17) ³ 1.401 ³ 1.402 ³ 1.421 ³ 1.380 ³ 1.382
C33C4 ³ 1.405 (16) ³ 1.370 (18) ³ 1.371 ³ 1.365 ³ 1.402 ³ 1.380 ³ 1.374
C43C4a ³ 1.406 (16) ³ 1.415 (17) ³ 1.410 ³ 1.409 ³ 1.427 ³ 1.405 ³ 1.406
C4a3C5 ³ 1.391 (15) ³ 1.434 (16) ³ 1.438 ³ 1.439 ³ 1.453 ³ 1.436 ³ 1.437
C4a3C10b ³ 1.421 (15) ³ 1.386 (14) ³ 1.397 ³ 1.395 ³ 1.431 ³ 1.402 ³ 1.398
C53C6 ³ 1.361 (16) ³ 1.364 (17) ³ 1.347 ³ 1.341 ³ 1.382 ³ 1.347 ³ 1.342
C63C6a ³ 1.455 (15) ³ 1.417 (17) ³ 1.438 ³ 1.439 ³ 1.452 ³ 1.435 ³ 1.436
C6a3C7 ³ 1.388 (15) ³ 1.434 (18) ³ 1.410 ³ 1.409 ³ 1.427 ³ 1.412 ³ 1.413
C6a3C10a ³ 1.396 (14) ³ 1.380 (15) ³ 1.397 ³ 1.395 ³ 1.431 ³ 1.399 ³ 1.397
C73C8 ³ 1.348 (16) ³ 1.330 (20) ³ 1.371 ³ 1.365 ³ 1.402 ³ 1.367 ³ 1.361
C83C9 ³ 1.409 (16) ³ 1.350 (20) ³ 1.401 ³ 1.402 ³ 1.422 ³ 1.409 ³ 1.411
C93N10 ³ 1.315 (14) ³ 1.346 (15) ³ 1.316 ³ 1.305 ³ 1.357 ³ 1.310 ³ 1.298
N103C10a ³ 1.353 (12) ³ 1.325 (13) ³ 1.350 ³ 1.347 ³ 1.377 ³ 1.347 ³ 1.341
C10a3C10b ³ 1.450 (14) ³ 1.486 (16) ³ 1.436 ³ 1.448 ³ 1.441 ³ 1.433 ³ 1.440
N13C11 ³ 2.250 (17) ³ 2.338 (20) ³ 2.184 ³ 2.293 ³ 2.150 ³ 1.532 ³ 1.543
N103N11 ³ 2.284 (17) ³ 2.344 (21) ³ 2.184 ³ 2.293 ³ 2.153 ³ 3 ³ 3

N13N12 ³ 2.758 (15) ³ 2.727 (20) ³ 2.749 ³ 2.820 ³ 2.828 ³ 3 ³ 3

N103O12 ³ 2.810 (15) ³ 2.640 (19) ³ 2.749 ³ 2.820 ³ 2.831 ³ 3 ³ 3

N113O12 ³ 1.003 (15) ³ 0.895 (14) ³ 1.085 ³ 1.058 ³ 1.184 ³ 1.159 ³ 1.131
N13N113O12 ³ 110 (1)o ³ 106 (1)o ³ 109.8o ³ 112.8o ³ 112.8o ³ 111.4o ³ 110.8o
C23N13C10b³ 120 (1)o ³ 117 (1)o ³ 120.6o ³ 119.4o ³ 120.6o ³ 123.3o ³ 123.0o

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ
aCalculationsab initio for symmetrical complex (IIC ) in versions 6-31G,6-31G* are carried out under constraint by symmetryCs.

Table 2. Full energy (E, a.u.a) for phenanthroline (I ), complexes (IIC ), (IIA ), and also affinity of phenanthroline to
cation NO+ (ANO+ , kJ mol31)
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Molecule
³ 6-31G ³ 6-31G ³ MP2/6-31G
ÃÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ
³ E ³ ANO+ ³ E ³ ANO+ ³ E ³ ANO+

ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
I ³ 3567.76479 ³ 3 ³ 3567.99518 ³ 3 ³ 3569.01788 ³ 3

IIC ³ 3696.67187 ³ 277.9 ³ 3696.98980 ³ 223.1 ³ 3698.22375 ³ 327.5
IIA b ³ 3696.67743 ³ 292.5 ³ 3696.98506 ³ 210.7 ³ 3 ³ 3

ÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ
a 1 a.u. = 2625.5437 kJ mol31.
b In MP2/6-31G approximation the structureIIA apparently does not correspond to a minimum on the potential energysurface.

were similar to experimental data obtained by X-ray
diffraction study (Table 1).

At accounting for electron correlation the values
of bond lengths in the phenanthroline skeleton and
NO group somewhat increase. The charge distribution
in complexes (IIC, IIA ) and phenanthroline molecule
is presented in Table 3. It follows from thedata in

Table 3 that the absolute value of charges in complex
(IIC ) depends essentially of the chosenapproximation.
Both in symmetrical and asymmetrical complexes the
NO group bears a significant fraction of the positive
charge. In the framework of the RHF/6-31Gmethod
the shift of the electron density to the NO group is
notably larger in asymmetricalcomplex (IIA ) than in
symmetrical complex (IIC ).
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Table 3. Charge distribution according to Mulliken incomplexes (IIC, IIA ) and phenanthroline (I ) molecule obtained by
ab initio calculation
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄ
Atom no.³ IIC (6-31G) ³IIA (6-31G) ³ IIC (6-31G*) ³ IIA (6-31G*) ³IIC (MP2/6-31G)³I (MP2/6-31G)
ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄ

N1 ³ 30.770 ³ 30.983 ³ 30.735 ³ 30.700 ³ 30.479 ³ 30.520
C2 ³ 0.152 ³ 0.292 ³ 0.120 ³ 0.189 ³ 0.069 ³ 0.062
C3 ³ 30.259 ³ 30.289 ³ 30.279 ³ 30.300 ³ 30.151 ³ 30.241
C4 ³ 30.099 ³ 30.044 ³ 30.113 ³ 30.064 ³ 30.122 ³ 30.148
C4a ³ 30.043 ³ 30.125 ³ 30.026 ³ 30.059 ³ 0.049 ³ 30.021
C5 ³ 30.138 ³ 30.147 ³ 30.185 ³ 30.194 ³ 30.125 ³ 30.172
C6 ³ 30.138 ³ 30.123 ³ 30.185 ³ 30.167 ³ 30.124 ³ 30.172
C6a ³ 30.043 ³ 30.009 ³ 30.026 ³ 30.003 ³ 0.048 ³ 30.021
C7 ³ 30.099 ³ 30.125 ³ 30.113 ³ 30.132 ³ 30.122 ³ 30.148
C8 ³ 30.259 ³ 30.234 ³ 30.279 ³ 30.255 ³ 30.151 ³ 30.241
C9 ³ 0.152 ³ 0.105 ³ 0.120 ³ 0.099 ³ 0.069 ³ 0.062
N10 ³ 30.770 ³ 30.591 ³ 30.735 ³ 30.619 ³ 30.480 ³ 30.520
C10a ³ 0.292 ³ 0.184 ³ 0.337 ³ 0.292 ³ 0.191 ³ 0.169
C10b ³ 0.292 ³ 0.561 ³ 0.368 ³ 0.440 ³ 0.193 ³ 0.169
N11 ³ 0.666 ³ 0.513 ³ 0.622 ³ 0.440 ³ 0.335 ³ 3

O12 ³ 30.013 ³ 30.223 ³ 0.139 ³ 30.163 ³ 0.052 ³ 3

ÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄ

A small energy difference between symmetrical
and asymmetrical complexes as calculated by
RHF/6-31G, RHF/6-31G, and MP2/6-31G methods
suggests that any of these complexes may prevail
depending on the state of aggregation of thesystem.
For instance, according to the data of1H, 13C, and IR
spectroscopy in a liquid phase (solution inMeCN) the
more stable is asymmetrical complexIIA that under-
goes fast in the NMR scale degenerate rearrangement
by transfer of NO group from one nitrogen in the
phenanthroline skeleton to another[33]. In the
crystalline state symmetrical complexIIC turned
out to be more feasible, and the dynamic process
apparently is frozen out [4, 35338].

EXPERIMENTAL

In the study were used the following reagents:
1,10-phenanthroline of[pure for analysis] grade
sublimed in a vacuum at 1103115oC, nitrosonium
tetrafluoroborate Fluka of purum grade sublimed in a
vacuum at 2153220oC, acetonitrile purified as in [39],
thrice distilled over P2O5 and then over calcium
hydride (water content<0.004%).

Salt I3NO+ BF4
3 crystals were obtained by reac-

tion of 1,10-phenanthroline (0.098 g,0.55 mmol)
with a salt NO+ BF4

3 (0.065 g, 0.55mmol) in MeCN
(2 ml) at 20oC in dry box under argon with sub-
sequent keeping in a sealed ampule at315oC for
10 days.

The X-ray diffraction analysis was carried out on
diffractometer Bruker P4 (MoK

a
radiation, graphite

monochromator,q/2q-scanning, 2q< 4 5o at tempera-
ture 335oC). Crystals of salt (I )3NO+ BF4

3 mono-
clinic, spacegroupP21/n, a 11.137 (1),b 18.608 (2),
c 13.355 (5) A, b 112.62 (2)o, V 2555 (1) A3,
[C12H8N3O]+ BF4

3 M 297.02,Z 8, Dc 1.544 g cm33,
m 0.14 mm31, crystal habit 0.900.300.2 mm. Correc-
tions were done on decrease in up to93.9% of the
intensity of control reflections and on absorption by
integration procedure (transmission0.9430.98). The
structure was solved using softwareBruker-XTL,
SHELXS-97 and was refined by the least-squares
method in anisotropic approximation with the pro-
gram SHELXL-97 till wR2 0.4802, S 1.568 for all
independent 3158 reflections [R1 0.1619 for Fo >
4s(F)].*

The parameters of hydrogen atoms were taken into
account in eachrefining cycle. The atom coordinates
are given in Table 4 and are deposited in the
Cambridge Structural Database.

The ab initio calculations were performed along
restricted Hartree3Fock method (RHF) along
GAMESS software [40]. Afterfull optimization of
structural geometry (up till gradient value 201035

Hartree/Bohr) we calculated Hessian [34] to
ÄÄÄÄÄÄÄÄÄ
* Large R1 and wR2 values are apparently due to insufficiently

high quality of the crystal (the presence of asatellite,
probable twinning).
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Table 4. Coordinates of atoms (0104, A)and equivalent
isotropic factors (0103, A2) for complex (I )3NO+ BF4

3

ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄ
Atom no.³ x ³ y ³ z ³ U
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄ

N1 ³949 (9) ³6950 (5) ³6419 (7) ³52 (3)
C2 ³1656 (12)³7228 (7) ³5936 (10)³61 (3)
C3 ³1763 (12)³7947 (7) ³5829 (10)³61 (3)
C4 ³1131 (12)³8423 (8) ³6283 (9) ³68 (4)
C4a ³349 (11) ³8133 (6) ³6796 (9) ³52 (3)
C5 ³3340 (11) ³8555 (6) ³7252 (9) ³58 (3)
C6 ³31106 (11)³8259 (6) ³7728 (9) ³59 (3)
C6a ³31197 (10)³7482 (6) ³7802 (8) ³43 (3)
C7 ³1981 (11)³7145 (8) ³8255 (9) ³63 (4)
C8 ³32038 (12)³6422 (7) ³8270 (9) ³59 (3)
C9 ³31315 (12)³6034 (6) ³7786 (9) ³56 (3)
N10 ³3561 (8) ³6328 (4) ³7346 (7) ³45 (2)
C10a ³3504 (10) ³7054 (5) ³7352 (8) ³43 (3)
C10b ³284 (11) ³7371 (6) ³6820 (9) ³47 (3)
N11 ³435 (15) ³5777 (8) ³6344 (12)³91 (4)
O12 ³1213 (12)³5493 (7) ³6815 (12)³104 (4)
B1 ³739 (19) ³5928 (7) ³3567 (13)³136 (12)
F1 ³2045 (17)³5973 (14)³3830 (2) ³372 (17)
F2 ³300 (2) ³5572 (6) ³2671 (11)³237 (10)
F3 ³500 (2) ³6615 (5) ³3486 (10)³232 (9)
F4 ³626 (10) ³5617 (5) ³4423 (7) ³124 (14)
N1` ³2504 (9) ³6700 (5) ³3458 (7) ³59 (3)
C2` ³2532 (13)³5968 (7) ³3382 (10) ³69 (4)
C3` ³1868 (14)³5603 (8) ³102 (11) ³78 (4)
C4` ³1131 (12)³5954 (8) ³566 (10) ³72 (4)
C4a` ³1057 (11)³6712 (6) ³504 (8) ³47 (3)
C5` ³303 (11) ³7119 (8) ³966 (10) ³65 (4)
C6` ³302 (13) ³7851 (8) ³912 (10) ³71 (4)
C6à ³1028 (11)³8212 (6) ³397 (9) ³55 (3)
C7` ³1046 (14)³8982 (8) ³331 (11) ³75 (4)
C8` ³1786 (17)³9267 (9) ³3144 (13) ³94 (5)
C9` ³2483 (13)³8874 (8) ³3575 (10) ³70 (4)
N10̀ ³2469 (9) ³8150 (5) ³3555 (7) ³55 (3)
C10à ³1760 (11)³7848 (6) ³369 (8) ³49 (3)
C10b̀ ³1778 (11)³7050 (6) ³34 (8) ³48 (3)
N11̀ ³3935 (18)³7405 (7) ³3938 (13) ³96 (5)
O12̀ ³3595 (15)³7434 (8) ³31663 (12)³117 (5)
B1` ³3431 (14) ³9389 (7) ³2840 (12)³71 (5)
F1` ³31238 (12)³8912 (7) ³2123 (12)³201 (7)
F2` ³227 (13) ³9011 (9) ³3740 (11)³212 (8)
F3` ³31203 (9) ³9900 (4) ³2995 (8) ³119 (3)
F4` ³382 (9) ³9629 (4) ³2414 (7) ³109 (3)

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄ

determine the type of critical points on the potential
energy surface. In thecalculations were used basises
6-31G and 6-31G*. The electron correlation was
accounted for in the framework of MP2procedure.
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