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The effects of crown ether encapsulation on the position of the neavitbands of [(NH)sRu-pyz-Ru(NH)s] ™"
and [(NHs)sRu-(4,4-bpy)-Ru(NH)s]™ (m = 4, 5) have been investigated within a purely electronic picture.

The model accounts for the observed behavior and furnishes a theoretical explanation. The near-IR band, observed
experimentally around 1 eV, is found to be a metal-to-ligand charge-transfer transition, in contrast to the common

idea that ascribes it to an intervalence transition (Ferretti, A.; Lami, A.; Villanin@g. Chem1998 37, 2799).

The results obtained are a further confirmation that the model proposed contains all the essential ingredients for

a basic minimal description of electron transfer in derloridge—acceptor systems.

Introduction accounts for the observed spectral behavior in the nearifR

as the total charge varies upon oxidation/reduction. The model
has been enriched considering the effect of vibronic interaction,
so that the line shap&and electrochromic effecdtscan be
fstudied and very good predictions of the experimental rédults

Mixed-valence compounds (MV) made by metal atoms
bridged by organic ligands are a very interesting and promising
class of chemical substances, especially in view of their use in
molecular electronics and photonics. Indeed, the presence o are thus obtained
metals in different oxidation states with suitable bridging ligands ; s
allows that some electrons can move from one metal to the next. Beside the CT ion, well-known to be an example of
This translates in highly polarizable systems which behaves asd€localized system, one should consider partially localized
semiconductofsand may exhibit relevant nonlinear optical €0mPounds to shed some light on the mechanism of electron
(NLO) propertie? Therefore, these compounds can offer a delogallzatlon as Wel] asto attain a unified picture for the study
valid alternative to the most popular and studied conjugated ©f Pridged metal lattices. In this case, a prototype system to
polymers, such as polyacetylene- and polythiophene-based?€ considered is still made by two Ru(hs moieties, as the
compounds. QT ion, but the brldglng ligand is 44bpy (bpy= bipyridine)

In this perspective, of particular interest are the chain nStead of pyz. For this system we have very recently proposed
compounds which one may build bridging Ru atoms, in different " elec_:tronlc modélpbtalne(_j by extending that considered for
oxidation states, with pyrazine (py#)or other organic ligands ~ PyZ-Pridged compound, which accounts for the observed band
(see for example refs 5 and 6). Indeed, model calculations POSitions and their relative intensity in the near-iRs at
indicate that these systems show the typical optical behavior of V&rious total charglgz (i-e. for all the possible combinations of
conductors (the Drude precursor in the optical conductivity RU(I) and Ru(ill))*# Such model assigns the band observed

spectrd), as well as a very intense third harmonic generation. &t ~1 €V to a metal-to-ligand charge transfer transition,
The first member of the series, made by two pyz-bridged differently from the cqmmonly accepted interpretation of being

(pyz = pyrazine) Ru(NH)s moieties and having total charge & metal-to-metal (or intervalence) transition.

+5 (one Ru(”) and one Ru(]“))’ is most well-known as Cretitz Here, in the framework of the proposed model for localized

Taube (CT) ion, being first synthesized and studied by the two and partially localized compounds, we want to study solvato-

authors® For that compound and for its longer chain analogues, chromic effects, as those experimentally investigated by Hupp

we have previously proposed a simple electronic mé&elhich and co-workers by crown ether encapsulation of Ru-pyz-Ru
ionst314and Ru-(4,4bpy)-Ru ion$>18(dropping ammonia for
* Corresponding author. E-mail: profin@ibm580.icqem.pi.cnr.it. simplicity). The aim is to further demonstrate the validity of a
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optical properties of mixed-valent Ru compounds, which allows where for M—L—M systems we have taken the-NL distance
us to be confident that the models proposed can be extended tas unity, while for M-L—L—M systemsa andb are respectively
other mixed-valent systems as well as utilized in a predictive the M—L and L—L distances. We have estimated foandb
manner. the valuesa = 3.4 A andb = 2 A, respectively, as the RN
The Model distance plus half the NC distance in one ring of 4/bpy
and this latter plus half the-€C distance between the two rings.

The purely electronic model that we have proposed and The model Hamiltonians of egs 1 and 2 with the dipole
discusse® is based on the primary role that-¢ z* back- operators of eqs 3 and 4 have been found to be able to predict
bonding interaction has in the origin of the observed optical and assign the near-tR/is bands for, respectively, Ru-pyz-
properties in the near-HRvis for MV compounds. From this  Ru™ and Ru-(4,4bpy)-RuU™ ions, as the total chargae varies
point of view, the configuration space is reduced in order to from 4 to 6° For Hq the best parameters, optimized for the
consider only one orbital per site. In the specific cases of Ru- band positions, are= —0.73 eV,U = 4.62 eV,A = 5.06 eV.
pyz-Ru ions and Ru-(4,4py)-Ru ions, we have a three-site  In Hy we have taken the same valuestdf), andA, since we
system for the first and a four-site system for the second, do not expect that these parameters change significantly going
respectively. This difference, as explained in detail in ref 9, is from pyz to 4,4bpy, t' = —0.15~ t/5, andU, = 2.5°
due to the very relevant difference between the two ligands and  The ground (g) and excited Jestates involved in the
is also responsible for partial localization in the '4ypy electronic transitions in the near-Ris have been analyzed
compounds. Indeed, while the role of pyz molecule (an aromatic by means of the quantities discussed in our previous pap#ts
ring), acting as a bridging ligand between two Ru ions, can be to study the changes observed upon crown encapsulation.
modeled by a singler* orbital, in the case of 4,4bpy (two However, since here the results of the analysis can be discussed
aromatic rings connected by a single bond) a more appropriatewithout explicitly invoking such quantities, we report here only
view is that of considering two separate, weakly interactitig P;, the electron population on sitgnormalized to 1), defined
orbitals. Therefore, while Ru-pyz-Ru ions can be schematized by
as M—L—M™ Ru-(4,4-bpy)-Ru ions will be M-L—L—M™* A A
(for m= 4, 5, 6). ( P P =P ypLIP =y + 1y ()

~ For Ru atoms the,dorbital is considered (taking the ligand  which gives useful information for asymmetric encapsulation.
ring in theyz plane). The three or four orbitals are then filled

with a total number of electrons = 2Nryay + Nruany (Nruqr Results and Discussion

= number of Ru(ll) in the molecule) and all configuration with  The success of the electronic model in reproducing and
minimal & are included in the configuration space, whose explaining the near-IRvis bands of pyz- and 44py-bridged
dimension is the,(Nsite)(Nsite (h=n + n). Ru ions has stimulated further investigations on its capabilities.
mJ\n As a natural further step we study here solvatochromic effects.
Basic ing_redients of the model_are the _eIectronic hopping (or Experimentally, beside all the work that has been done on
resonance integral) between adjacent siteandt' for M—L the effect of various solvents on the optical properties of
and L—L hopping, respectively), the energy difference between |ocalized and delocalized compounds, there are very interesting
ligand and metal orbitalsA( = €| — ery), and the Coulomb 54 systematic works concerning the effect of crown ether

repulsion U and U, for metal and ligand sites, respectively). encapsulation for both Ru-pyz-Ru and Ru-(4py)-Ru
Thus, one can write the Hubbard Hamiltoriiéfor delocalized  compoundd2-16 which can be compared with our theoretical

M—L—M (Hqg) and for partially localized ML—L—M (Hy) results.

compounds: Crown ethers are known to make hydrogen bonds with
ammonia hydrogens and thus, acting as electron donors, cause

Hy= an increase of electron density on Ru. Therefore, upon crown
Msite encapsulation, we can expect Ru d orbitals to be shifted at higher

Z[Anz,o + t(ai“’gaZ’(7 + azaaa’g +h.c)] +U znmn” 1) energy, while ligand orbitals are only slightly influenced. This
o ] observation, as already discussed in ref 14, suggests that the
energy difference between ligand and metal orbitAlsis
expected to decrease slightly. The same effect can be seen
introducing an electron donor solvent in electronic calculations
on Ru-L dimers®?® The authors of ref 14 estimate this
t(8z,85, + h.c)] + UZ”J,TnH T U Z”M”M @) variation within a Hiekel three-site model, first proposed by
) ) Ondrechen et al’ and find thatA should decrease by about
N . . L 700 cntl, while the delocalization term is found to be almost
where, as usualy, (a) is the creation (annihilation) operator  crq\n-invariant (a maximum decrease of less than 100%cm
ch)rr one electron with spirv in the orbital of §|tej, Mo = upon encapsulation).
€060 N Ha metals are sites 1 and 3 and ligand is site 2,  The increased electron density on Ru upon crown encapsula-
while in Hp metals are sites 1 and 4 and ligands are sites 2 andtjon is expected to cause the Ru d orbitals to contract. This,

Hpy = Z[A(”z,o +ny,) +t(@a 8, + aj,a,, + h.c) +

Msite Lsite

3. ) _ which is a minor effect compared with that @ results in a
For the two cases the dipole operator, respectivalynd decrease of d* resonance integral Ab initio calculations
tpi, has the form on the Ru-pyz system in various solvéftsdicate that e
_ 17) Zhang, L.-T.; Ko, J.; Ondrechen, M.J.Am. Chem. S0d.987, 10
Ug = z (n3,a - nl,o) (3) " 1666.g 9
o

(18) Hubbard, JProc. R. Soc. Londoh964 285 542.
(19) Shin, Y. K.; Brunschwig, B. S.; Creutz, C.; Newton, M. D.; Sutin, N.
Ul = Z [(a+b)n,, +bn, —bn,,—(@+bn,] (4) J. Phys. Cheml996 100, 1104.
o (20) Cacelli, I.; Ferretti, AJ. Chem. Physin press.
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overlap decreases as the solvent donor number increases, but

this is the resulting effect of the decrease &f slightly
compensated by the decreasé which can be argued invoking
orbital contractiorf! Therefore, in the present study we have
also taken this effect into account. While we have Kepdat
the same value of 4.62 eV, when a Ru(®&moiety is
encapsulated by a crown ether we have taken—0.715 eV
and A = 4.85 eV instead of the-0.73 and 5.06 eV for no
complexation.
optimizing the band shifts for the symmetrically encapsulated
[Ru-pyz-Rui™ ion and utilized in all other cases considered in
this work. Their values are different from those found in ref
14 since our model, in comparison with thé diel three-site
model, also contains the Coulomb repulsion tefthtérm),
needed for a full description of the optical properties of bridged

compounds as the total charge varies (i.e. changing the oxidation

state of the metalg)?.10

For clarity, we separate the discussion into two subsections.

(a) Ru-pyz-Ru lons. When a crown ether is added, the near-
IR band, known as the intervalence (IT) band, present in the
+5ion, is always blue-shifted, but the shift is higher when only
one of the two Ru(Nk)s moieties is surrounded by a crown
ether molecule (asymmetric complexation). In addition, the IT
for the asymmetric complex has a more symmetric line shape.
In Figure 1 of ref 13, this is shown for &rans-pyridine-
substituted analogue of the CreufEaube ion, and the IT band,
which is centered around 0.71 eW1750 nm) without
complexation, is observed at0.83 eV (1500 nm) upon
asymmetric complexation but at0.74 eV (~1680 nm) for
symmetric complexation.

Further experimental study, reported in ref 14, is devoted to
the effect of symmetric crown complexation by various ethers,
in both the IT and MLCT transitions of the CT ion. The authors
found that the blue-shift of the IT transition ranges between 60
and 80 cm?! (~0.0074-0.01 eV), with the IT band at 5500
cm™! (~0.68 eV), and that the MLCT transition is red-shifted
about 10-fold for all crowns except one.

This behavior is reproduced by the model Hamiltonian of eq
1. In Figure 1 the IT (a) and MLCT (b) bands are shown, and
it can be seen that the IT band goes from 0.607 eV without
crown to 0.627 eV for asymmetric complexation and is at 0.614
eV for symmetric complexation. The MLCT transition, instead,
is monotonically red-shifted and goes from 2.07 eV without
crown to 2.04 eV for asymmetric crown and is at 2.00 eV for
symmetric complexation. Notice that the parameteasd A

for the encapsulated Ru site have been changed in order to obtain

a good estimate of the observed variation in the position of IT
and MLCT bands for the symmetrically encapsulated case.

However, the band shift for the asymmetrical case, in agreement

with the experiments, is a consequence of this choice but is
independent from optimization.

While no comparison can be made concerning the line shape

profile, since we do not include nuclear degrees of freedom at
this stage, the model is able to give a good description of the

variations upon encapsulation as far as the position of the bands

is concerned.

The analysis of the states involved in the IT and MLCT
transitions’,%1° not reported here with the exception of the
distribution of electron population on the sites (Table 1), reveals
that the nature of the two transitidiss not changed by crown

(21) While performing the calculations of ref 20, the authors noticed that
Ru d orbitals, under the action of electron donor solvents, appear to
contract. Further investigation is in progress in order to quantify such
an effect.

These parameter values have been chosen
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Figure 1. Near-IR-vis computed absorption spectra of the Creutz
Taube ion {5) upon crown encapsulation (model Hamiltonian of eq
1): (a) near-IR (intervalence; IT) transition; (b) MLCT transition.

Table 1. Distribution of Electron Population (Eq 5) in the Ground
(g) and Excited States {ge., &) Involved in the Near-IRVis
Transitions for the [(NH)sRu-pyz-Ru(NH)s]™ (m = 4, 5) with
Asymmetric Encapsulation

total % Pi
m state  w (eV) onM Ru pyz Ru
5 g 0.000 83.5 0.443 0.165 0.392
e 0.627 86.6 0.417 0.134 0.449
& 2.041 78.1 0.398 0.219 0.383
4 g 0.000 82.3 0.418 0.177 0.405
e 1.721 74.3 0.377 0.257 0.366

encapsulation. IT transition behaves always as a slight ligand-
to-metal transition (LMCT), while the MLCT appears as an
electron transfer from a doubly occupied metal orbital to an
empty ligand orbital. Upon encapsulation there are, of course,
little differences in the weight of various configurations forming
the ground and the excited states, which are responsible of the
variations observed in the spectra but their connection is not
straightforward.
In case of asymmetric encapsulation, since the symmetry of
the Hamiltonian has now been broken, we can obtain some new
information from the electronic population of various sites, as
computed from eq 5 and reported in Table 1, where iRthe
encapsulated Ru site. The ground state (g) ofthéon shows
that the encapsulated Ru site is less populated than the other,
as expected due to the effect of a slightly smalefor the
encapsulated Ru(N#}y moiety which results in a relative
stabilization of the other. The opposite is seen for the excited-
tate ¢ the g— e transition (IT) thus appears as a reaHll
1] — [I1,11] transition, even if the transferred charge is much
less than 1. However, since the total population of the metals
increases, globally the transition results in a slight ligand-to-
metal charge transfer. Accordingly, the MLCT transitiorg
€ appears as a charge transfer mostly from the free Ryi(Ru
Table 1) to the ligand.

We also report in Figure 2 the results obtained for #
ion, for which no experimental result is available. Upon
encapsulation, the MLCT transition, which is the only band
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Figure 2. Computed MLCT transition for the [Ru(N§s-pyz-Ru- 0
(NH3)s] ** ion upon crown encapsulation (model Hamiltonian of eq 1). 1 14 12 13 14 15
2
observed in the near-Hvis, has the same behavior as the o ©)
MLCT for the +5 ion, namely, a monotonic red-shift. The [ 1
transition is a charge transfer that interests mainly configurations 2
with two doubly occupied metal$, independently from the =] Zf
encapsulation. For the asymmetric case, the ground state 01 ° 12 2l1 212 o3

appears less asymmetric than for the ion (see Table 1) and

the MLCT is more or less the same for both Ru, differently _ _ w(eV) _

from the +5 ion, so that the asymmetry is unchanged by the Figure 3. Near-IR-vis computed absorption spectra of the [RugH

transition. This can be explained considering that the MLCT (4:4-bpy)-Ru(NH)s]  ion upon crown encapsulation (model Hamil-

is from doubly occupied metal orbitals and that these, for the 1oMan of eq 2): (a) low-frequency (intervalence; IT) transition; (b)
. . . MLCT transitions at~1 eV; (c) MLCT transitions at-2 eV.

asymmetrically encapsulateieb ion, are due mainly to the Ru

atom with no encapsulation, while for the4 ion both Rutend  yridine ring, their resonance integraf) (should be lowered
to be doubly occupied. (since their distance increases) and this is seen to cause the
It is worthwhile to notice that for Ru-pyz-Ru ions, crown  gopserved trend. This can be understood if one remembers that
complexation has the same effect of changing the solvent fromthe two MLCT transitions (at-1 and ~2 eV) interest two
weak to strong electron donots. Therefore, all the consider-  gifferent linear combinations of the two ligand* orbitals,
ations done on the role of the crown in affecting the parameters\yhere only one interacts strongly with Ru, thus also explaining
of the model Hamiltonian of eq 1 can be straightforwardly the low intensity of the~1 eV band in comparison to that in
applied to solvent effects. the visible. For instance, reducitigrom —0.15 to—0.10 eV,
(b) Ru-(4,4-bpy)-Ru lons. [Ru-(4,4-bpy)-Rul*> shows a  we obtain the following near-IRvis spectra for thet5 ion
band at~1 eV, whose intensity is abot# of the IT band for (energies in eV):
pyz compound, also assigned as an IT, and a band?a¢V, . | |
the MLCT transition*2 The model Hamiltonian of eq 2 is able o ! w2 2
to predict these two transitions but provides a different assign- ~ ~0-15 1.283 0.105 2.163 1.249
ment of the 1 eV band. Indeed, this transition appears to be an ~0.10 1.297 0.049 2128 1.351
MLCT involving a different amount of doubly occupied metal
sites than that at 2 e¥while a very low-frequency transition
is predicted {0.06 eV).that is of the same nature of the so- Experimentally, for the bpy compound, the dependence of
called IT for the F’yz't?”dged compounq. the band heads on the crown concentration has been investi-
It should be underlined that the assignment of the eV gated!s16 As far as the~1 eV band is concerned, it is seen
transition as an MLCT transition, predicted by our model, is in ih4¢ ypon adding the crown, its frequency first increases, reaches
contrast with the widely accepted view that ascribes the near- 3 maximum associated with the formation of asymmetrically
IR transition as an IT (or metaimetal charge transfer, MMCT).  gqcansulated ion, and then decreases until a stationary value is
While details have also been given in ref 9, where the model rgacheq for a frequency which is slightly smaller than that
was first proposed and studied, it is worthwhile to discuss here \;ithout any crown ethet® Instead, the MLCT transition
how the MLCT assignment is not in contrast with some evidence oquency is seen to decrease monotonically when the crown is
which has been interpreted as a demonstration of IT Chal’aCtEFaddedlyS,l6reaChing a stationary value that depends on the ether
of such 'gransition. It is known than vyhen a spacer (ethylene Or considered (108091560 cnt?).16
phenyl) is added between the two rings of' 4y, there is a Predictions of the model of eq 2 are reported in Figure 3.
systematic blue-shift and a corresponding decrease of thethe origin of the transitions in the near-HRis is basically the
intensity of the band at-1 eV, while the opposite is seen for  g5me independently from crown encapsulation, but some new

the~2 eV band® This can be predicted within the picture of  feat res appear in the case of asymmetric encapsulation, which
our model. Indeed, although the spacer is not expected t0 4. discussed below.

wherew; and|; (i = 1, 2) are respectively the position and
computed intensity for the two MLCT lines.

greatly alter the energy of the* orbital centered on each The IT band, which according to our previous findings is at
~0.06 eV without encapsulation, is shown to behave similarly
(22) Creutz, C.; Chou, M. Hinorg. Chem.1987 26, 2995. to the 0.7 eV band of the corresponding pyz-bridged complex.

(23) (a) Sutton, J. E.; Taube, torg. Chem1981, 20, 3125. (b) Tanner, . . .
M.: Ludi, A. Inorg. Chem1981 20, 2349 and references therein. (c) Indeed, asymmetric encapsulation causes a blue-shif760D

Kim, Y.; Lieber, M. Inorg. Chem.1989 28, 3990. cm~t which reduces te-60 for symmetric encapsulation (Figure
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Table 2. Distribution of Electron Population (Eq 5) in the Ground O +4ion
(9) and Excited States {e., &) Involved in the Near-IR Vis A +4 on - asymmetric crown
Transitions for the [(NH)sRu-(4,4-bpy)-Ru(NH;)s]™ (m = 4, 5) O +4 ion - double crown
with Asymmetric Encapsulation 2
total % Pi |
m state o(€V) onM Ru  py Py R - 1.5
5 g 0.000 844 0509 0.138 0.018 0.335 2 1J
e 0.152 834 0.339 0.014 0.152 0.495 %’
e 1.261 66.6 0.333 0.163 0.171 0.333 - 0.5
e 1.405 66.6 0.333 0.171 0.163 0.333 ’
ey 2.078 80.0 0.445 0.162 0.038 0.355 ZF
(=3 2.187 80.5 0.349 0.043 0.152 0.456 0———1 T T T
1.8 2 22 2.4
4 g 0.000 77.1 0.392 0.109 0.120 0.379 w(eV)
e 1.758 73.7 0.463 0.233 0.030 0.274
& 1.942 74.1 0.300 0.061 0.204 0.435 Figure 4. Computed MLCT transitions for the [Ru(Nj4-(4,4-bpy)-
€3 2.039 74.6 0.386 0.127 0.127 0.360  Ru(NHk)s]**ion upon crown encapsulation (model Hamiltonian of eq
ey 2.162 73.1 0.327 0.104 0.164 0.404 2).
3a). An analysis of the transition according to eq 5 (Table 2) \hjch, upon crown ether encapsulation, are monotonically blue-
reveals that, as for the pyz-bridged complex, the-ge; shifted. In case of asymmetric encapsulation, there are instead
transition is a sort of real [HII] — [IIlll] transition but four peaks which cover a slightly wider frequency range. Thus,

differently from that (as well as from symmetric and no
encapsulation) it has a slight metal-to-ligand character. This
should not be surprising because is the result of the
antisymmetric counterpart of the ground state (which is sym-
metric) perturbed by the finite size effect. Indeed, for pyz-
bridged systems;ds known to be subject to the same change
when going to longer chain analogues of the Crelltaube

we can conjecture that in this case the width of the MLCT band
should be greater than that for symmetric and no encapsulation.

In this case of Ru-(4;4py)-Ru ions, the effect of crown
encapsulation is not always the same of that of changing solvent
from weak to strong electron donors. The peak for-tt&eion,
discussed above and found atl eV in ref 12, is strongly

. . . . - 25
ion However, there is neither experimental study nor any other Solvent-dependenif;? in contrast to the IT band for the
evidence of this transition. corresponding pyz-bridged ion. Furthermore, this dependence

The ~1 eV transition is split into two bands separated by @s not monotonic .With.the strength of' eIeptron donaﬂé.il,i.s
~1100 cnr for asymmetric encapsulation, while restoring the instead monotonic with the reorganization eneﬁ’gyThls 1S
symmetry by double encapsulation the band (single again) somewhat puzzling, espec@ly in light of the conS|§tency found
appears~1050 cnt! below that without any crown (Figure 3b). betwegn crown encapsulation and solvent effect in the case of
To compare these results with those observed experimentally,Pyz-bridged system, where the two effects appear thus to be
we have to take into account that in the present calculations weruled by electron donation and the usefulness of Mar¢iissh
have neglected vibrations. In fact, reasonably the two bandstheory has also been debatéd.
predicted for asymmetric encapsulation would merge into one A possible explanation can be found in the differences
when including the vibrational ladder, and the band maxima between the two ligands. In fact, one can expect-Bp4 to
should then be at higher frequency than without encapsulation.feel the solvent differently from pyz. The latter is quite
This appears more reasonable when noticing that the two excitedinsensitive to the solvent, and the variations observed in the
states (gand ) involved have the same population on the two spectra are due to the metallic d orbitals that, in contrast, strongly
metal while that on the twa* of the bpy are exchanged (Table feel the solvent change. Instead, in the case dflp4, one
2). However, while in our next study we will investigate the can expect that the solvent affects the angle between the two
effect of the inclusion of vibrational degrees of freedom, as rings, thus changing the-tL delocalization ('), and this is not
already performed for pyz-bridged Ru diméfsye can say that,  an effect that can be related only to electron donation. This
at least qualitatively, the crown dependence ofttieeV band  does not happen for crown ether encapsulation, where only
is reproduced. A quantitative prediction would require a proper electronic factors are involved. Notice thaidoes not much
choice of the set of parameters of the model Hamiltonian for zffect the MLCT transition at-2 eV, which is at about the
Ru-(4,4-bpy)-Ru (which would also depend on the specific same frequency for pyz and 4Hpy, thus one should expect
crown ether considered), which is beyond the scope of the {hat solvent effect and crown encapsulation behaves consistently
present work, where we want to show that with the same set of o this transition. This idea is for now just an hypothesis which
parameters as for Ru-pyz-Ru, besides reproducing the spectraeqyires further study, since even a qualitative estimate of these
in the near-IR-vis,? we can also obtain the qualitative behavior efects of the solvents is not very simple. Furthermore, another
upon crown ether encapsulation. _ possible explanation, not in contrast with the above, can be given

The splitting upon asymmetric encqpsulatmn alsq OCCUrs for yithin the small polaron picture. Indeed, when the electron
Fhe MLCT transition in the 2 eV. region. The excited states o sfer (et) process between the two rings is also coupled with
|nvolve_d (@ and ¢) are ab(_)ut mirror images (Table 2) and, solvent degrees of freedom, an increase of the dielectric constant
according to the considerations above, we could expect that theIeads to an increase of the effective mass of the electron and,

|r}clt1h5|?nfof V|brat|ontslwould take Itrl[edbanddhead in the m'?q[led consequently, to a decrease of the effective hopping (and thus
o) at for symmetric encapsulated and no encapsulated, = "\ o L e el ey band).

complexes, in qualitative agreement with experimental findings.
As far as the corresponding monovalent [Ru-(bdy)-Ruj™ 2 Chom 1987 26 2332

; ; ; ; 4) Hupp, J. T.; Meyer, T. dJnorg. Chem.1987, 26, .

ion is concerned, there are no experimental results avallable.(25) Tom. G. M. Creutz. C.: Taube, . Am. Chem. S00974 68, 7827.

However, our predictions are reported in Figure 4. As already (26) Hupp, J. T. Dong, Y.; Blackbourn, R. L.; Lu, B. Phys. Chen.993
pointed ouf the observed MLCT bardis made by two peaks 97, 3278.
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Conclusions inconsistency between crown encapsulation and solvent effects,
which characterizes the partially localized [Ru-(4gy)-Ru]™>

ion, is, however, a signal that further theoretical and experi-
mental investigations are needed.

We have studied, for delocalized and partially localized
bridged Ru dimers, solvatochromic effects on the optical spectra
in the near-IR-vis, such as those due to crown ether encapsula-
tion. While for the study of the variations of line shape profiles
the inclusion of vibrational degrees of freedom is required, a
purely electronic picture is sufficient to reproduce and explain
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