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The structure of the 1,3�dinitrobenzene dianion in the ground and lowest excited electron
states was studied by quantum chemical methods. The dianion, unlike the radical anion, is
characterized by the symmetrical structure in both the ground triplet (3B1) and lowest excited
singlet (1A1) states. The wave function of the singlet state has the biradical character to a great
extent. The singlet�triplet splitting calculated by the CASSCF and MRMP2 methods is 6 and
2 kcal mol–1, respectively.
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Dianions (DAs) formed as a result of the transfer of
two electrons to a neutral molecule, as well as radical
anions (RAs), play an important role in many reactions
involving organic compounds.1 However, the electronic
structure of DAs has been studied so poorly compared to
the electronic structure of RAs.

An important feature of the RA and DA is the pres�
ence of electrons on the antibonding MO, due to which
differences in energies of the highest occupied and lowest
unoccupied MOs are much lower than those in the initial
neutral molecule and in contrast to the effects of configu�
ration interaction that are stronger. We have earlier2

studied the structure of the 1,3�dinitrobenzene (DNB)
RA in the ground and lowest excited doublet states by the

CASSCF method. The calculations showed the presence
of two asymmetrical and one symmetrical structures of
the RA, and the latter has a greater (compared to the
asymmetrical structures) energy. Since the major facors
determining the direction and rate of reactions of RA
and DA is the electron density distribution on the fron�
tier MOs, it was of interest to elucidate whether the asym�
metry is retained on going from RA to DA.

Calculation Methods

Calculations were performed by the multiconfigurational
self�consistent field method in the variant of complete active
space (CASSCF).3 The 6�31G basis set augmented by the polar�
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ization functions on all atoms and diffuse functions on all
heavy atoms (6�31+G**) was used. In the calculation of the
1,3�DNB DA, the active space consisted of 12 valent p�orbitals
(six C�2p�orbitals, four O�2p�orbitals, and two N�2p�orbitals)
and 16 electrons, i.e., the CASSCF(16,12) was applied. The
wave function included 245 025 and 174 240 configurations for
the singlet (1A1) and triplet (3B1) states, respectively. The dy�
namic electron correlation was taken into account in the
MRMP2 second�order multireference perturbation theory4 based
on the CASSCF(16,12) wave function. The calculations were
performed at the Computer Center for Chemical Investiga�
tion Support5 of the Russian Academy of Sciences using the
PC GAMESS quantum chemical program package.6,7

Results and Discussion

Unlike the earlier2 studied RA, the study of the poten�
tial energy surfaces of the DNB dianion showed only the
minima corresponding to the symmetrical (C2v) structures
in both the triplet (3B1) and singlet (1A1) states. The geo�
metric parameters of these structures (Fig. 1) are pre�
sented in Table 1. As can be seen from the data in Table 1,
the DNB DA in the 3B1 and 1A1 states is characterized by
almost the same geometric parameters. The most signifi�
cant distinction is the elongation of the C—N bonds by
0.02 Å on going from the triplet to singlet state. Another
peculiarity is a very low value of the singlet�triplet split�
ting. The 3B1 triplet state is more stable than the 1A1 singlet
state by only 6 kcal mol–1 (CASSCF). The perturbation
theory (MRMP2) gives still lower value: 2 kcal mol–1.
These two specific features indicate the possible existence
of the point of intersection of terms in the vicinity of the
minima and, as a consequence, the singlet�triplet transi�

tion upon vibrational motion of the nuclei proceed more
readily.

The site occupancies of the natural orbitals for the
DNB molecule and its DA are given in Table 2. The data
in Table 2 show that the wave functions of both the neu�
tral molecule and RA are multiconfigurational. In addi�
tion, an analysis of the occupancies of the frontier orbitals
for the 1A1 state (Fig. 2) suggests that the DNB DA in the

Fig. 1. Molecule of the 1,3�dinitrobenzene dianion and intro�
duced designations.

Table 1. Optimized (CASSCF(16,12)/6�31+G**) bond
lengths (Å) for the DNB molecule and its DA

Bond DNB* DA�1A1 DA�3B1

r1 1.460 1.404 1.381
r2 1.206 1.282 1.285
r3 1.205 1.274 1.273
r4 1.392 1.408 1.418
r5 1.389 1.406 1.414
r6 1.394 1.396 1.395

* See Ref. 2.

Table 2. Occupancies of the natural orbitals
(CASSCF(16,12)/6�31+G**) for the DNB molecule and its DA

Orbital DNB* DA�1A1 DA�3B1

1 1.986 1.998 1.998
2 1.986 1.998 1.998
3 1.960 1.995 1.994
4 1.902 1.993 1.994
5 1.900 1.964 1.961
6 1.896 1.918 1.911
7 1.895 1.911 1.903
8 0.134 1.150 1.006
9 0.128 0.864 1.004
10 0.093 0.094 0.102
11 0.083 0.081 0.091
12 0.036 0.035 0.039

* See Ref. 2.

Fig. 2. Frontier natural orbitals and their occupancies for the
DA�1A1 (a) and DA�3B1 (b) structures; occupancies for DA�3B1
are given in parentheses.
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singlet state represents a biradical particle. The consider�
able destabilization of the singlet state and the decrease in
the singlet�triplet splitting are related to the biradical
nature.

The question about multiplicity of organic dianions,
including electrochemically generated ones, remains yet
unanswered.8 The formation of triplet DAs was experi�
mentally detected only for the two�electron cathodic re�
duction of 2,2´,4,4´�tetranitrobiphenyl8 and the interac�
tion of two 1,3,5�trinitrobenzene radical anions accom�
panied by π�complex formation.9 In the both cases,8,9 an
electron pair was distributed between two unconjugated
benzene rings. The results obtained show that the triplet
state can also be characteristic of DAs of mononuclear
aromatic derivatives.

References

1. A. I. Rusakov, A. S. Mendkovich, V. P. Gul´tyai, and V. Yu.
Orlov, Struktura i reaktsionnaya sposobnost´ organicheskikh

anion�radikalov [Structure and Reactivity of Organic Radical
Anions], Mir, Moscow, 2005, 294 pp. (in Russian).

2. M. N. Mikhailov, A. S. Mendkovich, M. B. Kuz´minskii,
V. A. Kapranov, and A. I. Rusakov, Izv. Akad. Nauk, Ser.
Khim., 2005, 2645 [Russ. Chem. Bull., Int. Ed., 2005, 54, 2735].

3. B. O. Roos, P. R. Taylor, and P. E. M. Siegbahn, J. Chem.
Phys., 1980, 48, 157.

4. H. Nakano, J. Chem. Phys., 1993, 99, 7983.
5. Tsentry kollektivnogo pol´zovaniya Rossiiskoi akademii nauk

[Collective Use Centers of the Russian Academy of Sciences],
Nauka, Moscow, 2004, 56 (in Russian).

6. M. W. Schmidt, K. K. Baldridge, J. A. Boatz, S. T. Elbert,
M. S. Gordon, J. H. Jensen, S. Koseki, N. Matsunaga, K. A.
Nguyen, S. J. Su, T. L. Windus, M. Dupuis, and J. A.
Montgomery, J. Comput. Chem., 1993, 14, 1347.

7. A. A. Granovsky, PC GAMESS. Version 7.0;
http://classic.chem.msu.su/gran/gamess/index.html

8. I. Gallardo, G. Guirado, J. Marquet, and M. Mareno, Chem.
Phys. Chem., 2001, 12, 754.

9. I. Gallardo, G. Guirado, J. Marquet, and N. Vila, Angew.
Chem. Int., 2007, 46, 1321.

Received April 24, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


