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Abstract-The results ofab initio quantum-chemical calculations of isolated ruthenium(II) complexescis-
[Ru(bpy)2(bipy)(X)]q (bpy is 2,2̀-bipyridyl, bipy is 4,4̀-bipyridyl; X = NH3, Cl3, Br3, CN3, NO3

2, ONO3,
MeCN, and NO+) are presented. Analysis of the charge distributions and the orbital structures of the complex
ions points to absence of strongp-acceptor bonds Ru3bpy, Ru3bipy, and Ru3X (X = NO+), to delocalization
of p-electron density under the action of strong donors X, to localized nature of lowest unoccupied molecular
orbitals, and to special position of the nitrosyl complexes in this series.

Analysis of the electronic structures of molecules
constitutes an integral part of modern theoretical in-
organic chemistry, as the elucidation of composition3

electronic structure3properties correlations makes it
possible not only to interpret available experimental
data, but also to direct further investigations. It is not
incidentally that results of quantum-chemical calcula-
tions find increasing use as equitable characteristics
of new chemical compounds.

In this work we present the results of nonempirical
calculations of complexescis-[Ru(bpy)2(bipy)(X)]q

(X = NH3, Cl3, Br3, CN3, NO3

2, ONO3, MeCN, NO+).
The Cl3 and NO32 complexes were described earlier
[2, 3] and the others were recently synthesized by
A.D. Shashko and A.Yu. Ershov. The previous pub-
lications of this series [1, 4] were devoted to the com-
plex cis-[Ru(bpy)2(bipy)(NH3)]

2+. The listed com-
pounds were synthesized with a view to their pro-
spective use as building blocks of photoactivated elec-
tron transport circuits. Therefore, data on the
charge distribution and the relative arrangement of
energy levels of fragments in the complexes with
various ligands X are of prime importance. It is quite
natural to accept the results of quantum-chemical
calculations for isolated species in the ground states
as a starting point for subsequent analysis of the elec-
tronic structure of excited complex ions in solutions.
To obtain such data was the aim of the present work.

The electronic structures of related ruthenium
complexes have been calculated by various quantum-
ÄÄÄÄÄÄÄÄÄÄÄÄ
1 For communication II, see [1].

chemical methods [5312] but none of these methods
could be relied on in our work. In fact,ab initio cal-
culations with large basis sets are hardly extended on
polynuclear systems, whereas semiempirical methods
(as a rule, for pertinent systems various versions of
the INDO approximation are used) inevitably intro-
duce effects not involved in the Hartree3Fock forma-
lism and depending on parametrization. To consider
the whole cis-[Ru(bpy)2(bipy)(X)]q series from a
common viewpoint and to avoid using empirical
parameters, we addressed toab initio calculations.

All the calculations were carried out by the
GAMESS program [13] by the restricted Hartree-Fock
(RHF) method with fixed geometry taken from ex-
perimental data for similar bonds in known ruthe-
nium(II) organometallic complexes. The same bonds
in different complexes were assigned equal lengthsr
(A): Ru3N(bpy) 2.055, Ru3N(bipy) 2.01, Ru3Cl 2.37,
Ru3Br 2.56, Ru3CN 2.03, Ru3NO2 2.09, Ru3ONO
2.055, Ru3NH3 2.15, Ru3N(MeCN) 2.02, and Ru3NO
1.77. The electronic structures of the complexes were
described in terms of commonly accepted calculated
characteristics related to the most important concepts
of theoretical chemistry: effective charges (q) of atoms
and fragments, populations (n) of separate atomic
orbitals (AO) (first of all d AOs of the metal andp
orbitals of ligands), valences of atoms (V), multipli-
cities of bonds (W), and diagrams of molecular
orbitals (MO). These characteristics depend on basis
set and can not directly be compared with experi-
mental values. Therefore, first of all, on an example
of two representative structural units of polynuclear
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Table 1. Results of calculations of the [Ru(NH3)5(pyz)]2+ complex with various basis sets: effective charges on ruthenium
and pyrazine (q, e), charges transfered from rutheniumd

p
AOs (dd

p
, e) and on pyrazinep orbitals (dppyz, e), energy gaps

between HOMO and LUMO (De, eV), valences of atoms (V), and bond multiplicity indices (W)a

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ

Parameter
³ STO33G ³SBK/STO33G³ MINI ³ SBK ³ 3-21G ³ MIDI
³ (103) ³ (108) ³ (100) ³ (160) ³ (176) ³ (170)

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ
q(Ru) ³ 1.00 ³ 0.24 ³ 1.13 ³ 0.42 ³ 0.98 ³ 1.22
q(pyz) ³ 30.32 ³ 0.28 ³ 0.15 ³ 0.21 ³ 0.07 ³ 0.10
dd

p
³ 0.80 ³ 30.04 ³ 0.05 ³ 0.05 ³ 0.09 ³ 0.07

dppyz ³ 0.68 ³ 30.07 ³ 0.03 ³ 0.08 ³ 0.02 ³ 0.02
De, eV ³ 6.95 ³ 10.74 ³ 13.10 ³ 11.54 ³ 11.43 ³ 11.64
V(Ru) ³ 4.00 ³ 2.96 ³ 1.63 ³ 2.67 ³ 2.24 ³ 1.58
V(N1) ³ 3.38 ³ 3.38 ³ 3.27 ³ 2.71 ³ 2.79 ³ 2.86
V(N2) ³ 3.01 ³ 3.01 ³ 3.02 ³ 2.88 ³ 2.73 ³ 2.80
W(Ru3N1) ³ 1.00 ³ 0.52 ³ 0.32 ³ 0.16 ³ 0.32 ³ 0.25
W(Ru3NH3) ³ 0.46 ³ 0.48 ³ 0.26 ³ 0.39 ³ 0.36 ³ 0.25

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ
a Values in parentheses indicate basis size.

chains of the cationic complex [Ru(NH3)5(pyz)]2+

(pyz is pyrazine) and the anionic complex [Ru(bpy).

(CN)4]
23, we analyzed the results of calculations with

several basis sets: the most known minimal basis set
STO33G, the well-optimized minimal basis set MINI
[14], the popular valence-split basis set 3321G, the
basis set MIDI comparable with 3321G in size [14],
the basis set SBK with core pseudopotential [15], and
the combined basis set SBK/STO33G with core
pseudopotential for Ru and the minimal basis set
STO33G for light atoms (Table 1). Combined basis
sets, such as SBK/STO33G and SBK/6331G [9] or
MIDI/STO33G [10], were earlier repeatedly used for
calculation of ruthenium complexes.

As follows from the data for [Ru(NH3)5(pyz)]2+ in
Table 1, the STO33G results contradict all the other
results: Thep-acceptor power of pyrazine (0.68e in
excess of six electrons in the free molecule), resulting
from STO33G calculations, is notably higher than that
obtained with the other basis sets, and the population
of the d

p
AO of ruthenium is lower owing tod

p
6

p
*(pyz) charge transfer; the highest occupied molecular

orbital (HOMO) lies too high and consists basically
of pyrazine orbitals, whereas thed AOs of Ru, not
involved in bonding with pyrazine, lie much lower
(by 2.5 eV). Naturally, the multiplicity of the Ru3pyz
bond and the valence of ruthenium are therewith over-
estimated. The overestimated energies of ruthenium
d
p

AOs and the underestimated populations of these
orbitals show that the STO33G basis is unsuitable for
Ru. Our attempts to improve the situation by using
the combined SBK/STO33G basis failed: Disbalacing
the basis resulted in underpopulated orbitals of the
organic ligand and lack ofp-acceptor properties in

pyrazine. As compared to the 3321G basis, in the
SBK basis the valence of ruthenium is overestimated
because of increased Ru3NH3 and Ru3C(pyz) bond
multiplicities; therewith, the ratio of the Ru3pyz
Ru3NH3 bond multiplicities seems improbable.
Moreover, the lower valence of the pyrazine nitrogen
atom (N1) bound to ruthenium compared with the
terminal nitrogen atom (N2) seems strange. The MINI
and MIDI results for [Ru(NH3)5(pyz)]2+ are similar to
each other and close to those obtained with the 3321G
basis set, though they give underestimatedV(Ru)
values are at the expense of underestimation of the
Ru3NH3 bond multiplicity. Note, however, the atomic
charges in the organic ligands are notably different:
The 3321G and MIDI calculations result in higher
bond polarities, in particular, the charges on nitrogen
atoms have high negative values (30.8 and30.5 e on
N1 and N2, respectively).

In the case of the anionic complex [Ru(bpy).

(CN)4]
23, the STO33G and SBK/STO33G valences

of ruthenium were 5.6 and the effective charges, 0.9
and31.1, respectively, which is hardly correlated with
the commonly accepted chemical notion of Ru(II)
complexes. A more reasonable value of 2.9 forV(Ru)
was obtained with the 3321G and MINI basis sets.
While overestimated compared to the[classical]
value of 2, it can be accounted for by a rather high
multiplicity of Ru3C bonds W(Ru3C) of 0.5, the
charge on the ruthenium atom in this case being close
to unit: q(Ru) 1.1 (3321G) and 0.8 (MINI). Therefore,
for calculation of complexescis-Ru(bpy)2(bipy)(X)]q

we chosed two basis sets: 3321G and MINI, which
provide rather realistic valence structures. Compara-
tive analysis of the total energies showed that MINI
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Fig. 1. Structure of complexes [Ru(bpy)2(bipy)(X)]q, atom numbering, and coordinate axes.

is somewhat inferior to 3321G in the descrip-
tion of orbitals of light atoms but considerably sur-
passes it in the description of ruthenium orbitals.
Taking account of the[economy] of the MINI basis
set, we tried it with a view to its prospective feasibility
for subsequent calculations of more extended frag-
ments of photoactivated electron transport circuits.

The structure of complexescis-[Ru(bpy)2(bipy)(X)]q

in Cartesian coordinates and the numbers of nitrogen
atoms in the bipyridyl ligands are shown in Fig. 1.
The calculated characteristics of charge distribution
and valence structure of the complexes are given in
Table 2, and the diagrams of frontier MOs and the
contributions of ruthenium and ligand orbitals, ob-
tained with the MINI basis set, are shown in Fig. 2.
The MO energies in Fig. 2 were counted from the
HOMO energy for each complex, which allowed us

Table 2. MINI calculation results for complexes [Ru(bpy)2(bipy)(X)]q: effective charges of fragments [Ru, X, bpy, py1

(the pyridine ring of bipy, closest to the metal), and py2 (remote pyridine ring of bipy)] (q, e), valence of ruthenium
[V(Ru)], multiplicities (W) of the bonds Ru3N and Ru3X (to an atom in ligand X, closest to the metal), andHOMO
energies [e(HOMO), eV]
ÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄ

Parameter ³ Br3 ³ Cl3 ³ NO3

2 ³ ONO3 ³ CN3 ³ NH3 ³ MeCN ³ NO+

ÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄ
q(Ru) ³ 1.10 ³ 1.11 ³ 1.14 ³ 1.12 ³ 1.06 ³ 1.16 ³ 1.18 ³ 1.35
q(X) ³ 30.71 ³ 30.71 ³ 30.74 ³ 30.71 ³ 30.61 ³ 0.14 ³ 0.10 ³ 0.32
q(bpy1) ³ 0.24 ³ 0.23 ³ 0.22 ³ 0.21 ³ 0.20 ³ 0.28 ³ 0.28 ³ 0.53
q(bpy2) ³ 0.24 ³ 0.24 ³ 0.24 ³ 0.24 ³ 0.22 ³ 0.27 ³ 0.28 ³ 0.50
q(py1) ³ 0.09 ³ 0.09 ³ 0.09 ³ 0.08 ³ 0.08 ³ 0.07 ³ 0.08 ³ 0.15
q(py2) ³ 0.05 ³ 0.05 ³ 0.05 ³ 0.05 ³ 0.05 ³ 0.08 ³ 0.08 ³ 0.14
V(Ru) ³ 1.92 ³ 1.93 ³ 1.92 ³ 1.94 ³ 2.10 ³ 1.80 ³ 1.86 ³ 3.30
W(Ru3X) ³ 0.43 ³ 0.44 ³ 0.35 ³ 0.42 ³ 0.62 ³ 0.24 ³ 0.27 ³ 0.97
W(Ru3N1) ³ 0.27 ³ 0.27 ³ 0.27 ³ 0.27 ³ 0.27 ³ 0.28 ³ 0.28 ³ 0.36
W(Ru3N2) ³ 0.26 ³ 0.26 ³ 0.24 ³ 0.24 ³ 0.20 ³ 0.30 ³ 0.29 ³ 0.41
W(Ru3N3) ³ 0.28 ³ 0.28 ³ 0.28 ³ 0.28 ³ 0.28 ³ 0.29 ³ 0.29 ³ 0.37
W(Ru3N4) ³ 0.27 ³ 0.27 ³ 0.27 ³ 0.27 ³ 0.27 ³ 0.28 ³ 0.28 ³ 0.35
W(Ru3N5) ³ 0.30 ³ 0.30 ³ 0.30 ³ 0.30 ³ 0.30 ³ 0.31 ³ 0.31 ³ 0.40
e(HOMO), eV ³ 39.50 ³ 39.85 ³ 39.96 ³ 39.78 ³ 310.8 ³ 314.2 ³ 319.1 ³ 316.3

ÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄ
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Fig. 2. Diagrams of frontier MOs for complexes [Ru(bpy)2(bipy)(X)]q and contributions to the MOs of separate fragments of
the complexes: (black lines) Ru, (transversal shading) X, (light gray lines) bpy, (dark gray lines) py2, and (unpainted lines)
py1. The MO energies are counted fromHOMO for each complex.

5.0

4.5

4.0

3.5

3.0

2.5

3.5 4.0 4.5 5.0 5.5
1000 dnp(MINI)

NH3

MeCN

NO2

CI

ONO

CN

(a)
14

13

12

11

10
10 11 12 13 14

(b)

NH3
MeCN

CI
ONO

CN

NO2

m(MINI), D

Fig. 3. Correlation of the MINI and 3321G calculation results for complexes [Ru(bpy)2(bipy)X]q: (a) p-charge transfer
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to reduce all the MO diagrams to a unified energy
scale (the HOMO energies are given in Table 2).
Figure 3 correlates the 3321G and MINI estimates for
the Ru6 bpy p-charge transfer (dn

p
, Fig. 3a) and

the dipole moments of the complexes (m, Fig. 3b). As
seen, the 3321G and MINIp-charge transfers vary in
parallel; an unexpectedly good correlation was also

obtained for the dipole moments of [Ru(bpy)2(bipy).
(X)]q. As would be expected, the greatest discre-
pancies between the 3321G and MINI results relate to
trends in variation of such characteristics as the charge
and valence of the ruthenium atom, the multiplicity of
the Ru3X bond, and the charge on ligand X along the
group of equally charged compounds in the series of
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complexes. The charges on the 4,4`-bipyridyl mole-
cules in the complexes with equalq values vary too
slightly for any trends to be revealed, whereas the
charges on the 2,2`-bipyridyl molecules in both bases
vary in a similar way.

As follows from the RHF results, the nitrosyl com-
plex represents an exception from the [Ru(bpy)2 .

(bipy)(X)]q series. This complex is the only, where
the p-orbital population of ligand X (n

p
4.82) points

to a strong p-dative interaction Ru6 NO+: Apart
from the p-bonding MO (four electrons), thep* MO
of the free ligand is also populated on coordination.
In all the complexes, except for [Ru(bpy)2(bipy).
(NO)]3+, the total decrease in the population of the
three t2g d AOs of ruthenium is close to 0.15, due to
weakp-acceptor interactions with bipyridyl molecules.
For example, upon the coordination with 2,2`-bi-
pyridyl the charge transfer on orbitals perpendicular
to the molecular plane (dn

p
) in all the complexes

under discussion is no higher than 0.06, whereas at
X = NO+ it is completely wiped out. The cyano ligand
does not exhibit noticeablep-acceptor properties: The
excess electron density on itsp orbitals in [Ru(bpy)2 .
(bipy)(CN)]+ is as low as 0.03. In this case, as well as
at X = NO3

2, ONO3, and MeCN, thep-orbital popula-
tion of an atom closest to ruthenium increases, and
that of a remote atom or atoms decreases. The coordi-
nation with acetonitrile increases thep-electron density
on the N=C group (q ~0.06) to a somewhat greater
extent than on the CN3 anion, on account of the ab-
sence of negative charge in MeCN.

In the complexes with anionic ligands (X = Cl3,
Br3, CN3, NO3

2, and ONO3) the charge transfer from
the transC-partner of X (pyridyl bound through N2)
is suppressed. The bpy ligand coordinated through N3

and N4 (bpy2) has the highest positive charge, and the
bpy ligand coordinated through N1 and N2 (bpy1) is
next. The positive charge on 4,4`-bipyridyl is insigni-
ficant. The lowest positive charge on bpy1 with both
the basis sets was obtained at X = CN3. At X = NH3
or MeCN, the bpy1 and bpy2 ligands have almost
equal charges. The effect of ligand X on the charges
of cis-oriented fragments is not so evident.

The Wyberg indices which are used as a measure
of bond multiplicity are fully consistent with the
commonly accepted notion of bonds in such com-
pounds. The most strongly bonded ligands X are those
capable ofp-dative bonding with the metal (NO+ and
CN3) or are strong donors (Cl3, Br3, and ONO3)
(Table 2). The multiplicities of the bonds between
ruthenium and the N13N5 atoms, bothtrans and cis
to ligand X (Fig. 1), vary only slightly in the series of

equally charged complexes; theW(Ru3N) values are
the highest for X = NO+ and the lowest, for anionic
ligands X. This fact suggests that bipyridyl (bpy and
bipy) first exhibits donor properties on bonding with
ruthenium(II): The weaker the competing charge
transfer from ligand X, the higher the Ru3N bond
multiplicity.

The 3321G calculations result in slightly greater
contributions of rutheniumd

p
AOs into the HOMOs

compared with the MINI calculations, which is pri-
marily attributable to fact that the 3321G basis set,
not MINI, is not quite suitable for ruthenium. The
following regularities are reproduced with both the
basis sets. A large group of HOMOs and a group of
LUMOs in complexes [Ru(bpy)2(bipy)(X)]q+ are
p-type orbitals, bonding or antibonding with respect
to particular pairs of atoms. The mixed nature of the
HOMOs suggests that thep-electron density is ap-
preciably delocalized over the whole inner coordina-
tion sphere. The delocalization is the strongest in the
complexes, where all ligands are involved inp bond-
ing (donors or acceptors). Within this group of ligands,
only one, namely, the remote pyridine ring of 4,4`-bi-
pyridyl (py2), capable of coordinating another metal
ion through its nitrogen atom, exhibits a high degree
of localization.

For isolated complexes the most noticeable distinc-
tions in the order of occupied MOs (Fig. 2) are de-
termined first by the chargeq, i.e., by the formal
charge of ligand X. The MO diagrams for the group
of complexes with equal total chargesq are rather
similar; however, the above-mentioned features of the
valence structure of the complexes with different
ligands X are also traced when examining the mole-
cular orbitals. If X is an uncharged ligand or NO+, the
HOMO of the complex is ap orbital consisting ofp
AOs of carbon atoms of the remote pyridine ring (py2)
of 4,4̀-bipyridyl. This p orbital is nonbonding with
respect to the remaining part of the complex. The
HOMOs of the complexes with X = Cl3, Br3, and
NO3

2 consistes of orbitals of ligand X with a small
admixture of rutheniumd AOs. The HOMO of the
complex [Ru(bpy)2(bipy)(ONO)]+ is the p* orbital of
ONO3, and lower in energy are antibonding orbitals
with respect to the Ru3O bond (HOMO-1 and
HOMO-2), mostly contributed by the nonbondingp
MO of ONO3. The HOMO of the complex [Ru(bpy)2 .

(bipy)(CN)]+ which is distinguished by the greatest
degree of delocalization of Rud AOs over occupied
MOs is antibonding with respect to the Ru3CN3 bond
and represent a combination of Rud

p
AOs and the

p-bonding MO of the cyano group.

Among MOs with a considerable contribution of
d
p
(Ru), orbitals involvingdyz (oriented between bpy,
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bipy, and X) are higher in energy. In the complexes
with the charge +2 (X = NH3 and MeCN), orbitals
mostly contributed byd

p
AOs lie 132 eV lower than

HOMO, whereas in the complexes with charge +1,
by 2.533 eV. However, it is hardly necessary to ex-
aggerate significance of this distinction, since it was
obtained for isolated ions, and it will undoubtedly be
smoothed out by electrostatic interactions with solvent.

The order of virtual orbitals is of interest for un-
derstanding spectral properties of [Ru(bpy)2 .

(bipy)(X)]q complexes. For all the complexes (except
for X = NO+) LUMO do not contain noticeable Ru or
X contributions and, as a rule, are localized on one of
the fragments: bpy, py1, and py2. These vacant or-
bitals (LUMO and the following LUMO+1) are or-
bitals of the two 2,2̀-bipyridyl molecules. For the
complexes with X = Cl3, Br3, CN3, NO3

2, and ONO3

the MO localized on bpy2 coordinated through N3 and
N4 is lower in energy, and for X = NH3 and MeCN
the LUMO and LUMO+1 almost coincide in energy.
The p

* MO (LUMO+2) of 4,4̀-bipyridyl (py1) lies
higher than LUMO by approximately 1 eV, and the
following (higher by~0.330.5 eV) are again 2,2`-bi-
pyridyl orbitals. A distinctive feature of the orbital
structure of the nitrosyl complex is the presence of
two low-lying unoccupied MOs consisting predo-
minantly of p* MOs of the nitrosyl group with a
noticeable (up to 30 %) contribution of Rud

p
AOs,

which lie between the HOMO (p MO of py2) and
vacantp* MOs of bpy (Fig. 2). Antibondings MOs
mostly contributed by Rud

s
AOs lie higher than

LUMO by 536 eV, the gap increasing in the order
NH3 ~ MeCN < Br3 < Cl3 < NO3

2 ~ ONO3 < CN3.

Thus, the calculations of complexes [Ru(bpy)2 .

(bipy)(Œ)]q point to (1) relatively weak Ru6 bpy,
Ru6 bipy, and Ru6 X p-charge transfer (for X#
NO+), (2) trans-effect of ligand X, which, however,
can hardly noticeably labilize the bond between the
bidentate ligand (bpy) and ruthenium atom; (3) ab-
sence of noticeable staticcis-effect of ligand X;
(4) delocalization of the electron density over higher
occupied MOs under the action of strongp donors;
(5) localized nature of lower unoccupied MOs; and
(6) special position of the nitrosyl complex in this
series.

It is necessary to point out that these conclusions
concern the electronic structure of isolated complexes,
which only predetermines a number of properties of
the complexes in solution. However, we are not
always able to predict the effect of macroscopic inter-
actions on these features. This question deserves
further investigation.
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