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Theoretical studies on 8:@isubstitution effects of the dpq in [Ru(bpgdpg)f" are carried out by using

DFT method at the B3LYP/LanL2DZ level. The substituent effects caused by the electron-pushing group
(OH) and the electron-withdrawing group (F) on the electronic structures and the related properties, e.g., the
energies and the components of some frontier molecular orbitals, the spectral properties, and the net charge
populations of some main atoms of the complexes, etc., have been investigated. The computational results
show that the substituents have some interesting effects on the electronic structures and related properties of
the complexes. First, on the basis of the analysis of the frontier molecular orbitals, the substituents influence
the first excited-state properties of the substitutive derivates. The electron-withdrawing group (F) can activate
the main ligand and passivate the co-ligands in the first excited state of [Re@pypq)f", whereas the
electron-pushing group (OH) does not have this effect in this system. Second, the ground band wavelength
of electronic spectra of each of complexes [Ru(b@R-dpg)f" (R = OH, H, or F) is shorter slightly than

that of well-known complex Ru(bpy)t. The substitution of electron-pushing group (OH) or electron-
withdrawing group (F) on 6,6sites of dpq in [Ru(bpyldpg)F" can cause a slight red shift in the ground

band of the complex. Third, some interesting characteristics of atomic net charge populations on the main
ligands of the three complexes occur, and they can be simply and satisfactorily interpreted applying the
schematic map expressed by several series of arrowheads, based on the law of polarity alternation and the
idea of polarity interference. The above theoretical results should be important to further inquiry into the
interaction mechanism of the complexes with DNA active units from both the molecular orbital interactions
and the atomic charge interactions.

Introduction preliminary approach, it is absolutely possible and very sig-
. nificant to investigate the electronic structures and the related
Octahedral Ru(ll) polypyridyl complexes have aroused more \,.,nerties of Ru(ll) polypyridyl complexes. In particular, the

and more interest from researchers because of their extensiv inding between the complex and DNA generally happens on
applications to the fields of photochemistry, photophysics, {he main ligand of the complex; therefore, it is very important

photogaltlalybss, eIectr;)cnemlstry, blochemll.stry', and SO O, 5 theoretically analyze the characteristics of “electron cloud”
especially because of their important applications to DNA- gisuinytions on the frontier molecular orbitals and the atomic
bmdmg, electrochemical luminescence, a_md _solar energy battery, ¢ charge populations of the main ligand of the complexes.
materiall~> Recently, a great deal of this kind of complexes The quantum chemical computations can play a role in

and their substitution derivates have been synthesized. TOgcigating the electronic structures and the related properties
investigate their interaction mechanism with DNA, many new ¢ 1o complexes

substituted derivates on the main ligands of Ru(ll) polypyridyl With the high-speed development of computer technology

complexes have been designed and .synt'heSiiéa'.hree types and the wide applications of G94/G98 program packafés,

OT b_|nd|ng modes (".e" eleCtr.OStat'.C blndlng mode, groove more and more quantum chemical computations on transition
binding mode, an_d_lnterca_latlve t_)lndlng moc_ie) have been metal complexes, in particular, the computations applying
proposed for explalnlrzlgl'éhe interaction mechqnlsm between thedensity functional theory(DFT), have been repcitel because
complgxes and DNA' Desplj[e much published matgrlql, of their better performance for electron correlation energies and
they still mostly remain on experimental re_searchgs on this field, reducing greatly the computation expenses. When quantum
and the me_chanlsms of _chemo- or bl_or(_aactlozr;s of these chemical computations are applied to transition metal polypy-
complgxgs with D.NA are sl apontroversml Isstie? l.t may ridyl complexes with relatively large size, undoubtedly the
be a dlff_lcult subject to essentlally understand the interaction computations of energies and spectral properties of those
mechanism of the complexes with DNA unless we can discuss complexes in an absolute meaning have still some errors. We

them atl a level of the mlo Iem#]ar elfctro?r:c ;trtucturtt_a; tht?tt's 0 think that the most important thing is to obtain some regularities
say, uniess we can analyze them Irom the interacion beWeen, yonqs in the electronic structures and related properties of

motlﬁcu_latr orbltt_als,t;estpemallytsome frrc])ntler mbolecular Orb'thalf' the similar complexes, which can be used for references in the
or the intéraction between atomic charges because suc WOsynthesis of the complexes and the mechanism analysis on the
kinds of interactions are closely related to the three above-

! T photochemistry, electrochemistry, catalysis chemistry, and
mentioned types of binding modes of the complexes to DNA. biochemistry of the complexes. For this purpose, we have
It is undoubtedly quite a difficult theoretical task. But as a '

recently reported the theoretical results on the complexes
M(bpy)s2" (M = Fe, Ru, Os}? [Ru(4,4-2R-bpy}]?*,3 [Ru-
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(a) I~ TII ® IV

Figure 1. Computation models of [Ru(bpy(RR-dpg)f" (R = OH, H
and F;1, Il andlll , respectively) and [Ru(bpyf+ (1V).

In this paper, we report the theoretical results on'-6,6
disubstitution effects of the dpq in [Ru(bp@pq)F+ (dpg= d
ipyrido [3,2-d:2,3-f] quinoxaline, bpy= 2,2-bipyridyl) with
the DFT method. The trends in the substituents affecting the
electronic structures and the related properties of the complexes,
e.g., the energies and the compositions of some frontier
molecular orbitals, the spectral properties, and the net chargeFigure 2. Schematic representation of atomic net charge populations
populations on some main atoms of the complexes, the main&0ng two important paths from R (R OH or F) to N1 in complexes
bond lengths and bond angles of the complexes, etc., have beeh andiil-.
investigated.

Computation and Method

Octahedral bidentate complex [Ru(bggpq)F™ forms from
Ru(ll) with an intercalative ligand dpq called the main ligand
and two bpy ligands called the co-ligands and belong€4o
symmetry. When two H atoms on 6,8ites (in Figure 1) of
dpq ligand are replaced by two identical substituents R5R
OH or F), the symmetry does not change. Full geometry
optimizations of the three complexes startingCatsymmetry
are carried out with DFT method at B3LYP/LanL2DZ level.
In the computations, the singlet states are taken because of the
low electronic spin for the complexésAbout 67-69 atoms
are involved in every complex. In addition, the computations
on complex Ru(bpyf+ are also carried out for comparisons.
All computations of these complexes are performed with G98
guantum chemistry program-packagen Pentiumlil (933M
Hz) computers. To vividly depict the detail of the frontier
molecular orbital interactions, the stereographs of HOMO (the
highest occupied molecular orbital) and LUMO (the lowest Figure 3. Schematic representation of net charge populations along
unoccupied molecular orbital) of the complexes are drawn with ™ important paths from R (R= H) to N1 in complexil .

Molden v3.6 prografft based on the above computational
results. depends on not only the primary polarity (i.e, the one caused

It is very important to study the trend in atomic net charge by only the difference between the electronegativities of the
distribution of a molecule because of its close relation to active two bound atoms), but also the polarity interference from the
site in electrophilic or nucleophilic reactions and the charge electronic effect (i.e, algebraic sum of electronic effects includ-
interactions between it and other molecules. The net chargeing conjugation and induction). Such a polarity interference on
populations of the three complexes are computed using thea discussed bond can be expressed as the algebraic sum of
natural orbital population analysis(NP&Y2in G98 program primary polarity of a bond and polarity of electronic effects. If
packages. At the same time, to analyze the net charge populatiorihe polarity effects and the primary polarity are the same in
characteristics of complicated systems containing more than onedirection, a constructive polarity interference occurs, making
substituent or skeleton heteroatom, schematic maps of electronidhe polarity and intensity of the bond increase, and then the
effect interference expressed by several series of arrowheadslternation of positive and negative charges on the bond-end
should be drawn on the basis of the law of polarity alternétidh atoms will be strengthened; that is to say, the charge transfer
and the idea of polarity interferené@* The former maintains increases. On the contrary, if both are opposite in directions, a
that inductive effects are transmitted in a charge-alternate way destructive polarity interference occurs, causing contrary trends
like conjugation effects (up to now, inductive effects are still in change of bond polarity, bond intensity, and charge alterna-
maintained to be transmitted in an unidirectional way in some tion. For biatomic molecules, the bond polarity has been well-
text books). The electron effects (induction and conjugation) defined as bond dipole moment for a long time. It is produced
gradually attenuate in transmission path. The latter thinks that by the electron density distribution in covalent bonds due to
for any molecule containing more than two atoms, the polarity difference in electronegativity of the bound atoms, so its
of any bond (and then the corresponding charge transfer)direction points to more electronegative atom, and its size
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TABLE 1: Computational Results on the Main Bond Lengths (nm) and Bond Angles (deg) of the Complexes

comp. Ru-Ny@ Ru—Nco ArP Aco C—Cin(C—Np)© C—Coo(C—Neo)
I (R=OH) 0.2110 0.2097 79.2 785 0.1398 0.1394
II'(R=H) 0.2110 0.2098 79.2 78.4 0.1400 0.1394
I (R=F) 0.2110 0.2099 79.2 785 0.1396 0.1394
WY calc 0.2101 0.2101 78.4 78.4 0.1394 0.1394
(Ru(bpy)}?*) expt 0.2056 0.2056 78.7 78.7 0.1360 0.1360

aRu—N,, expresses coordination bond length between the center ion and the main ligand (dpq), antlAg expresses coordination bond
angle between the center ion and the main ligand (dpq), and so3®Cn(C—Ny,) expresses the mean bond lengths of the main ligand skeleton,
and so on.

is directly proportional to the quantity of transferred charges LgBl\/ll_g ZI:UII\\AAgn Afjomli_cu(l\)/lrgital 'DROPLtJ)'aﬁOHSZg (’;‘HOMO, J
which can be estimated according to the following formula ' an in [Ru(bpy) 2(2R-dpa)J** an

[Ru(bpy)a]**(%)
a b
AQ _ I’]Xc - XX Ru N”n Cm m Rm Nco Cco &)
- . d
X XX + XC comp S p S p S P S S p s p S P S

| NH 0.00.151.20.0 2.60.028.30.00.0 750.2 1320 6.80.0
H 010077900 1215 450.00.0 0000 2427 9.60.0

whereAQx represents transferred charge onto the X atdém, L 0002 0802 2303 980000 000224203619 0.0

and Xx represent the electronegativity of the C atomic orbital NL 0.00.0 6.20.3 0.30.2 0.70.00.0 0.0 0.4 27.0 0.3 64.8 0.0
and that of the X atomic orbital, respectively, amdepresents I NH000371500 060013000006 02 1827 9.80.0
number of electron in the X orbitah(= 2 for a lone pair H 010078000 1215 450000 00 2426 9600
lect —1 IV for oth ( P L 0002 0402 3.90313.60000 0.222.60358.30.0
electronsn = 1 generally for other cases). NL 0.00.0 6203 0302 0900080 0.427.00.364.6 0.0
Up to now, the bond polarity in polyatomic molecule has 1 NH0.00.371.70.0 0.50.012.80.00.0 0202 1827 9.80.0
not been defined, so we cannot yet derive a general formula H 010077900 1116 450000 0000 2526 9.6 0.0
for calculating the bond polarity, but this obstacle does not affect L 0002 030116.6014240000 030310704 28800

o : . . . g NL 0.00.1 5.20.211.30.227.80.0 0.0 0.30.3 16.1 0.2 38.5 0.0
our qualitative discussions for its relative properties (i.e., the

energies of isomers, the bond-lengths and the charge popula- *Nmexpresses all N atoms in the main ligafitNc, expresses all N
tions, etc.) in order to obtain the related trends or regularities. 0ms in the co-ligands (note: two co-ligands).
For the above purpose, we first should draw sketches of

polarity interference as Figure 2 and Figure 3, where a solid |54 lengths ReN (bpy), are within 0.1990.213, 0.202

arrowhead toward a more electronegative atom representsy o0g9 0 2040209 and 0.2050.210 nm forcis-RU(bpy)(py)>-
primary pond polarity (the total .result including induction and (BF2)2.5° Ru(bpy} (5-CHe-phen)(CIQ),& Ru(bpy)(phen) (CIQ),»
conjugation), for example, a solid arrowhead points toward the H,0.8 and Ru(bpy) [CeHa(NH)2](PFe)»,5! respectively, and their
more electronegative atom N, or O, or F from the C atom, etc. ., dination bond angles-\Ru—N(bpy) are 77-85°, 76.4-

Two series of alternately directional and gradually shortened 77 ¢ 78 6-78.9. and 78.2-78.% respectively. The :,:omputed
dotted arrowheads on the right (or top) of every skeleton bond ¢4 gination bond lengths (see Table 1) are all within the above
line represent the gradually reduced polarity of electronic effect ;n46 and the bond-angles are also within or near to the above
(total of induction and conjugation) caused by the two skeleton range (see Table 1). In particular, comparing the computational
N atoms, and that on the left (or bottom) of every skeleton bond ggyjts with the main experimental data of well-known complex
line represents the gradually reducgd polarity of the electron Ru(bpy}?"(IV )52 in Table 1, we can find that the computational
effect caused by R (comparing Figures 2 and 3, easy 10 qqordination bond lengths (RtN) and the mean bond lengths
distinguish the effects caused by R_ and N atom_s). The directions ¢ C—C(C—N) are larger than the corresponding experimental
of dotted arrowheads are determined according to the law of 5, ;e only by £2%, the computational coordination bond

pola_rity altern_ation. Each arrowhead shows the directior_l of angles ) are also less than the experimental values only by
moving negative charges on a bond. Because the quantity ofwl%, and the mean bond-lengths—C (N) of the ligand

transferred charges between the two directly adjoining atoms gy ejetons approach the standard bond-length (0.140 nm). The
should be larger than that between the two indirectly adjoining orrors can be considered to come mainly from two factors: One

atoms, the quantity of transferred charges represented by a solids ¢ theoretical computations do not consider the effects of
arrowhead should be larger than that represented by a dotteq;pemical environment (as a free molecule), and the other one
arrowhead. Therefore, the relative size and sign of net chargesig hat the calculation method and basis set are still approximate
on each atom can be explained or predicted according to thej, ome extent. However, the computational results are signifi-
lengths, numbers, and directions of solid arrowheads and dotted.n for discussion of the properties of large systems. Therefore,
arrowheads. on the basis of the geometries of the complexes obtained from
the full optimization computations, we can further carry out the
study on the trends in the substituent effects on the electronic
Substituent Effects on Main Bond Lengths and Bond structures and the related properties of the complexes.
Angle of the ComplexesThe computational results for the main From Table 1, we can see that the substituent effects on main
bond lengths and bond angles of the complexes are shown inbond lengths and bond angles of the complexes are trivial. Even
Table 1. now, the electron-pushing group (OH) and the electron-
So far, the reports on crystal structures of above three withdrawing group (F) both can slightly shorten the average
complexes have still not been found. We cannot directly bond length of G-C (and C-N) of the main ligand and the
compare their computational results with experimental values. electron-withdrawing group (F) can shorten it more, but they
But the computational results are reliable because they are nearlypboth nearly have no effect on average bond lengths -eCC
in agreement with the reported experimental values of analogous(and C-N) in the co-ligands because they are remote from the
complexes. For example, the reported experimental coordinationco-ligands. It shows that when two H atoms on’ &iges (in

Results and Discussion
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I (HOMO) II (LUMO) I (LUMO)

III (LUMO) IV (HOMO) IV (LUMO)

Figure 4. Stereographs of HOMO and LUMO of complexés-(V) (stereographs of HOMO dfandlll are omitted because of being similar to
those ofll andIV).

Figure 1) of ligand dpq are replaced by two identical substituents (111l ) are all assigned to singlet metal-to-ligand charge-transfer
R (R= OH or F), the aromatic ring skeleton of the main ligand transitions ¥MLCT), the special spectral properties are different.
will become slightly more stable. In addition, compatedi , When an electron transfers from HOMO to LUMO, for complex
and Il with Ru(bpy}?* (IV), we can also find that when a | andll, the “electron cloud” in the LUMO (original) is mainly
ligand (bpy) is subsitituted by dpq or 2R-dpq, the bond length populated on the p orbitals of C and N in the two co-ligands,

Ru—Np, will be increased, and the bond R, will be slightly whereas for compleXll , the “electron cloud” in the LUMO
shortened. (original) is mainly populated on the p orbitals of C and N in
Substituent Effects on Frontier Molecular Orbital Com- the main ligands. Therefore, we can come to an important

ponents.To study the substituent effects on spectral properties trend: The substituent of the electron-withdrawing group (F)
and excited states of complexes, some frontier molecular orbital can activate the main ligand and passivate the co-ligand in the
compositions (or atomic orbital populations) have been analyzed.first excited state, whereas the electron-pushing group (OH) has
The atomic orbital populations for a varied type of atomic no this effect.
orbitals (e.g., s, p, d orbitals) in specific molecular orbitals, e.g., Undoubtedly, considering electron transfer from HOMO to
HOMO, LUMO, NHOMO (the next HOMO), and NLUMO (the ~ LUMO as a transition from the ground state to the first excited
next LUMO), are expressed as the atomic orbital coefficient state is only a well-approximation, but according to the frontier
square sum in the type of atomic orbitals and corrected by molecular orbital theory? HOMO and LUMO play an pre-
normalizing the specific molecular orbital. The results are shown dominant role in general chemical reactions and related proper-
in Table 2. The stereographs of the four orbitals are further ties of compounds; such a well-approximation is very advan-
shown in Figure 4. tageous to discuss some relative regularities or trends. In regard
Some population characteristics of the frontier molecular to the excited states, the further computations need density-
orbitals of [Ru(bpy)(2R-dpq)F" will be seen from Table 2 and  functional theory for excited states, in which a KetBham
Figure 4 as follows: formalism of excited states with the density-functional theory
(1) The components of HOMO and NHOMO of the three (DFT) is presented, and the differences of Ket8ham eigen-
complexes (=l ) come mainly from d orbitals of the center values are also shown to be well-defined approximations for
metal ions, i.e., they may be characterized by d orbitals of the excitation energie3! So it should be significative to discuss
metal ions, and the components of LUMO and NLUMO come some trends from the frontier molecular orbitals and their
mainly from p orbitals of C and N atoms in ligands, i.e., they energies (i.e., eigenvalues) based on DFT.
may be characterized by p orbitals of the ligands, so on the Substituent Effects on Frontier Molecular Orbital Ener-
basis of the analysis of frontier molecular orbitals, the electronic gies and Spectral Properties of the ComplexesOccupied

ground bands and the next ground bands of compléxéld frontier molecular orbital energies are related to photoelectron
are all assigned theoretically to singlet metal-to-ligand charge- spectra, and the intervals of frontier molecular orbital energies
transfer transitionsMLCT) similar to those of Ru(bpyf" are related to UV spectra. Some frontier molecular orbital ener-

(IV).r However, the energy difference between the ground and gies and the corresponding energy intervals are listed in Table
the next ground is too small to be distinguished, and then usually 3. For a simple comparison, the schematic map of the energy
only a broad!MLCT band appears for them in electronic levels of the NHOMO, HOMO, LUMO, and NLUMO and the
absorption spectré. related electronic energy transitions are shown in Figure 5.
(2) Itis very interesting that the substituents have obvious effects From Table 3 and Figure 5, we can find two interesting
on the components of the LUMO. Although the electronic charateristics of the substituent effects on frontier molecular
ground bands and the next ground bands of the three complexe®rbital energies and spectral properties.
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TABLE 3: Some Frontier Molecular Orbital Energies of [Ru(bpy) 2(dpq)]?" and Its Substituted Derivates &/au)

comp. Occ Occ Occ Occ NHOMO HOMO LUMO NLUMO Vir A€L—n

| la 2a 1b 3a 2b 4a 3b 5a 4b

—0.4501 —0.4482 —0.4164 —0.4091 —0.4053 —0.4028 —0.2787 —0.2755 —-0.2716 0.1241
I la 1b 2a 3a 2b 4a 3b 4b 5a

—0.4546 —0.4488 —-0.4271 —0.4110 —0.4096 —0.4047 —0.2803 —0.2770 —0.2747 0.1244
1] la 1b 2b 2a 3b 3a 4b 5b 4a

—0.4623 —0.4614 —0.4561 —0.4179 —0.4168 —-0.4117 —0.2873 —0.2833 —0.2826 0.1243
\Y lal le 1le 2e 2é 2al la2 3e 3e

—0.4599 —0.4579 —0.4579 —0.4134 —0.4134 —0.4071 —0.2832 —0.2791 —0.2791 0.1239

TABLE 4: Atomic Net Charge Populations of the Main Ligand of Complexes HIII (Unit:  |€])
(a) Along Path R-C6—N5—C4—C3—C2—N1

comp. R C6 N5 C4 C3 c2 N1 Ru
I (R=0OH) —0.1385 0.5634 —0.5391 0.1761 —0.0558 0.2010 —0.4747 0.6274
I (R=H) 0.2422 0.0659 —0.4559 0.1858 —0.0568 0.2049 —0.4754 0.6270
I (R=F) —0.3096 0.6100 —0.4681 0.1853 —0.0609 0.2071 —0.4735 0.6273
(b) Along Path R-C6—N5—C4—C3—-C9-C8-C7—N1
comp. R C6 N5 C4 C3 C9 C8 C7 N1 Ru
I (R=OH) —0.1385 0.5634 —0.5391 0.1761 —0.0558 —0.1213 —0.2161 0.0926 —0.4747 0.6274
Il (R=H) 0.2422 0.0659  —0.4559 0.1858 —0.0568 —0.1156 —0.2137 0.0954 —0.4754 0.6270
Il (R=F) —0.3096 0.6100 —0.4681 0.1853 —0.0609 —0.1157 —0.2102 0.0995 —0.4735 0.6273
Elau. experiments. For example, the experimental wavelength of the

ground band of [Ru(bpyjdpq)F+ (1) is 449 nm35 and that of
[Ru(bpy)]?t (IV) is 452 nnt-56 though those of complexds
andlll are not found. Second, the electron-pushing group (OH)
0275 4 58 — T — 42 3e or electron- withdrawing group (F) will cause a slight red shift
3b TEEREE 1a in the ground band of the complex when the two H atoms on

4b 2 6,6 sites of dpg in [Ru(bpy(dpqg)E are replaced by two
identical substituents R (OH or F).

Substituent Effects on the Atomic Net Charge Populations
of Complexes. According to the natural orbital population
analysis (NPA), the net charge populations of some main atoms
-0.350 1 in the [Ru(bpy)(2R-dpq)f" (R = OH, H, F) are shown in Table

4.

4b

[ ]
o
:
;
;
|
[l
H

-0.300 -

-0.325

-0.375 1 From Table 4, the following characteristics of the net charge
populations can be seen:
-0.400 - 4al . ° 4 al  a 28 (1) Along path (a) R~ C6 — N5 — C4— C3— C2— N1,
— B —"r . the net atomic negative charges clearly alternate with the net
a atomic positive charges fdr(R = OH) andll (R =F).

(2) The charge distribution does not entirely alternate along path

a for Il (R = H) because H charges positively instead of
I I I v negatively.
Figure 5. Schematic map of e.n.ergies of some frontier MO and the (3)Along path (b) R— C6— N5— C4— C3— C9— C8—
related electronic energy transitions of [Ru(bggR-dpq)f* (1I=1Il)  c7— N1, the atomic net charge distribution basically alternates
and [Ru(bpyj]*" (IV). for | andlll (except atom C9 charging negatively instead of
positively).

(1) For complexes—IIl , with an increase in electron-withdraw-  (4) The most negative charges are populated on N1 or N5, and
ing ability of R, the corresponding frontier molecular orbital the next are populated on C8 among all atoms of aromatic ring
energies are all decreased. We can understand it as followsskeletons for complexes-Iil .
The three complexes are so large conjugated systems. Theif5) The substituent R (OH or F) can greatly influence charge
some frontier molecular orbitals, in particular, HOMO and populations on its near neighboring atoms, but less influences
LUMO, are mainlyz-type molecular orbitals, and they are very those on the atoms far from it (i.e., near N1).
sensitive to substituent properties. With an increase in electron- The above-mentioned characteristics of atomic charge popu-
withdrawing ability of the substituent, its Coulombic attraction lations in heterocyclic system cannot be explained with the
for frontier molecular orbitals is strengthened, so there is the traditional schematic map expressed by a single series of

above trend. winding arrowheads generally used in textbook of organic
(2) The energy intervahe, —; between LUMO and HOMO of ~ chemistry$” which can explain the net charge populations on
complexll is the greatest in complexds-lil . In addition, some uni-substituted benzenes because of a fully equal chemical

Ae —y for each of three complexds-lIl is greater than that ~ environment of every C atom in benzene, but they may be
for complex IV. As known, since the intervals of frontier —simply and satisfactorily interpreted applying above-mentioned
molecular orbital energies are related to UV spectra, we can schematic maps expressed by several series arrowheads.
deduce that: First, the wavelength of electronic ground band Comparing Table 4 with Figures 2 and 3, the above
for each of complexeb—IIl will be shorter slightly than that  characteristics of atomic charge populations can be well
of complexIV. Such a prediction bas been proved by part of explained as follows: Character 1 is because of the constructive
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polarity interference (the sum of transferred charges with the  (3) Balzani, V.; Juris, A.; Venturi, M.; Campagna, S.; SerronicBem.
same sign on every atom) of electronic effects from N1, N5, Re. 1996 96, 759.
. ’ ’ (4) MacDonnell, F. M.; Kim, M. J.; Bodige, SCoord. Chem. Re

and R (R= OH or F) each other. It can be easily seen that 1999 185186 535.
along path a, for complexdsandlll (R = OH, F), R, N5, C3, (5) Krausz, E.; Risen, i&oord. Chem. Re 1997 159, 9.
and N1 all carrying net negative charges are just the ones the  (6) Zhen, Q. X.; Ye, B. H.; Liu, J. G.; Zhang, Q. L.; Ji, L. N.; Wang,
arrowheads advance toward, whereas the atoms C6, C4, and- 'N9r9; Chim- Acta2000 303 141.

A . ’ ’ ! (7) Ye, B.H.; Ji, L. N.; Xue, F.; Mak, T. C. WTransition Met. Chem
C2 carrying net positive charges are the ones the arrowheadsigog 24 8.
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