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ABSTRACT: Photoexcitation of  [Ru(tpy)(bpy)(n-
CN)Ru(py),Cl]>* ([RuRu]>*) at 387 nm results in the
population of two SMLCT excited states of different symmetry
that coexist in the nanosecond scale. Common to both states
is an excited electron in a tpy-based orbital. Their
configuration differs in the position of the hole. In one excited
state, SMLCTz, the hole sits in an orbital parallel to the
intermetallic axis allowing for a strong metal-metal electronic
interaction. As a result, 3MLCTz is highly delocalized over
both metal centres and shows an intense photoinduced
intervalence charge transfer (PIIVCT) NIR signature. In the
other excited state, 3SMLCTxy, the hole is localized in an
orbital perpendicular to the intermetallic axis and hence,
significant intermetallic coupling is absent. This state shows
no PIIVCT in the NIR and its spectrum is very similar to the
one observed for the monometallic [Ru(tpy)(bpy)(CN)]*
reference. Both 3MLCT excited states have nanosecond
lifetimes. The intervening energy barrier for a hole
reconfiguration between the two different SMLCT excited
states offers the opportunity to exploit wavefunctions of
different symmetry before either the interconversion between
them or the decay to the ground state is operative.

INTRODUCTION

Photoinduced physicochemical phenomena are essential to
those processes that made life on Earth possible.
Photosynthesis of cyanobacteria, for example, produced
atmospheric oxygen, while more advanced organisms started
to build up the biomass on our planet through sunlight-
powered biosynthesis. Photosynthesis is the prototype of
energy-conversion. Nowadays, the scientific community
regards it as a blueprint'3 to meet, for example, the UN
sustainability goal of clean and affordable energy for mankind.
By virtue of its abundance on earth’s surface, sunlight drives
photosynthetic reaction center models, photovoltaic or
photoelectrochemical devices, photo-magnets, photo-

triggered molecular machines, etc.# Undoubtedly, the needs
for a sound understanding of and control over photoinduced
phenomena, through the development of simple models,
remains a tremendous challenge.

Multimetallic coordination compounds constitute a
versatile platform for developing architectures that convert
energy. A careful design strategy includes, on one hand, the
individual fine-tuning of the physicochemical properties of
monometallic complexes and, on the other hand, their
synergetic assembling through coordinative interactions.
Leading examples are chromophore-catalyst assemblies,
which, for example, mimic the photosynthetic antenna
complexes and reaction centers,57 or multi chromophore
associates, which behave as molecular antennae.®9 Usual
strategies are based on the use of metal ions and ligands as
electron donors and acceptors, respectively, enabling MLCT
absorptions throughout the visible range. As a matter of fact,
they act as antennae and funnels of energy or charges to reach
the catalytic sites or electrodes.

Considering the chemical stability and electrochemical and
photophysical suitability of bimetallic {M-M’} fragments
bearing Ru(Il), Os(II), Ir(IlI), Re(I) and Rh(III), they have
emerged as models for chromophore-catalyst assemblies and
molecular antennae.’*>° In the excited state, these systems
can present unique electronic configurations that are
impossible in monometallic complexes. For example, a metal
to ligand charge transfer in one of the fragments results in a
mixed valence system with a (1t*)'(dmy)3(dmyr)® configuration
that bears a ligand-centered radical anion in one of the
coordination spheres.?

There is an extensive literature of mixed-valence complexes
in the ground state, especially for systems with a (dmy)5(dmy)®
electronic configuration. These are simple models for studies
on metal-metal electronic communication, which is of great
relevance in the context of energy conversion.>»% The
position, intensity, and shape of their intervalence charge
transfer (IVCT) transitions enables insights into those
physicochemical parameters that relate to the electron
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transfer processes between the two metal centers.?93° Reports
of excited-state mixed-valence species are rather scarce3-4°
probably due the experimental challenge of detecting them. If
both centers are sufficiently coupled, the resulting
photoinduced mixed-valence (PIMV) state should give rise to
a very distinctive strong photoinduced intervalence charge
transfer (PIIVCT) absorption band in the NIR region, and
hence should be detectable thanks to advances in detection
systems and pump-probe setups.

Active engagement of delocalized mixed-valence excited
states in the deactivation cascade of [Ru(tpy)(bpy)(u-
CN)Ru(py),Cl]** ([RuRu]**) was recently postulated.# In this
contribution we demonstrate that, upon photoexcitation of
[RuRu]>*, two excited states coexist in the nanosecond
timescale. Femto/nanosecond NIR transient absorption
techniques reveal the presence of PIIVCT bands that we assign
to the photogenerated mixed valence species. Target analyses
show that this excited state coexists on the nanosecond
timescale with another state that lacks such a spectroscopic
NIR feature. Our results illustrate that the added complexity
of multimetallic systems could result in the presence of
excited states with configurations of different symmetries, but
similar low energies. As these excited states could have diverse
reactivity and they could be addressed with different stimuli,
it should be possible to use these multimetallic complexes as
the basis of systems with controllable photoreactivity.

RESULTS AND DISCUSSION

The UV-vis-NIR absorption spectra of [RuRu]>* in
acetonitrile at room temperature and the corresponding one-
electron oxidized [RuRu]3* are presented in Figure 1.#' Please
note the broad absorption of moderate intensity for [RuRu]3*
in the NIR region at 10400 cm™ (960 nm, € = 4350 M~ cm™),
which we assign to a ground-state intervalence charge transfer
(GSIVCT) transition. [RuRuJ3* is a non-symmetric Class II,
ground-state mixed-valence (GSMV) complex where the hole
is centered mainly in the {Ru(py),Cl} fragment. This is
evidenced by the disappearance of the 10400 cm™ band upon
further oxidation (Figure S1)?94> (TD)DFT calculated
electronic transitions are in sound agreement with the
experimental spectra for both oxidation states (Figure Sz and
Tables St and S2), including the GSIVCT for [RuRu]3+, as it has
been shown to occur in related systems.43 The calculated spin
density distribution also locates the hole on the {Ru(py),Cl}
fragment (Figure S2).

[RuRu]>* reveals weak room temperature
photoluminescence in argon-saturated DMSO. We explored
the photoluminescence upon selective excitation of either
{Ru(tpy)(bpy)} or {Ru(py),} at 19800 cm™ (505 nm) or 25800
cm? (387 nm), respectively.# Regardless of the excitation
energy, the emission maxima are always centered at 14400 cm™
(695 nm) (Figure S3). The quantum yield under 505 nm
illumination is ¢sosnm = 1 X 103 and is comparable to that of
analogous ruthenium polypyridines.4#4 Upon 387 nm
excitation, the photoluminescence quantum yields decrease
t0 ¢38,nm = 9 X 105 probably due to thermal population of low-
lying dd-states (Table S3). Overall, our results match those
obtained previously.#

Considering that the transient absorption results (vide
infra) suggest the presence of more than one excited state on
the nanosecond time scale, the photoluminescence lifetimes
were reevaluated under 505 nm and 410 nm excitation, and
treated with one-, two-, and three-exponential fitting
functions (Figure Ss). The best fits were based on
biexponential fitting functions with t;(1) = 1.3 ns and t,(2) =
6.4 ns.% As 1;(1) and t,(2) lack any meaningful dependence
on the excitation wavelengths, we conclude that the same two
photoluminescent states are, on one hand, populated on the
nanosecond timescale and, on the other hand, independent
on which center is initially photoexcited. Unfortunately, we
could not spectrally resolve these emitting states even at 77 K,
conditions in which [RuRu]>* emits at 674 nm (Figure S4).

The monometallic reference [Ru(tpy)(bpy)(CN)]* emits in
DMSO at 14200 cm™ (705 nm), independently of the excitation
energy, with quantum yields of ¢so5nm = 2.7 X 10 and ¢38;nm =
2.8 x 10+ and monoexponential lifetimes of T;o5nm = 13.4 ns and
Tgonm = 12.2 (Figure S3, Table S3). Notably, the low
temperature emission of [Ru(tpy)(bpy)(CN)]* occurs at 643
nm, with a very similar bandshape in comparison with
[RuRu]>* (Figure S4).
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Figure 1. Top: UV-vis-NIR absorption spectra of [RuRu]>*
(solid line) and [RuRu]3* (dashed line) in acetonitrile at room
temperature. Bottom: Differential absorption spectrum upon
oxidation.

To shed light on the nature of the photoluminescent states,
vis-NIR transient absorption measurements with argon-
saturated DMSO solutions of [RuRu]?>* were performed on the
nano-to-microsecond timescale upon 387 and 505 nm
photoexcitation. Figures 2 and Sy show the differential
absorption spectra at several delay times for 387 and 505 nm
excitation, respectively. In Figure 2, the differential absorption
spectrum at a 1 ns delay time reveals the presence of a very
intense photoinduced absorption in the NIR at 6900 cm™ (1450
nm). The lack of a similar transition for the corresponding
[Ru(tpy)(bpy)(CN)]* monomer (Figure S8) leads us to the
assignment of this band in the differential spectrum of
([RuRu]>*)* as a PIIVCT transition. The observation of this

2

ACS Paragon Plus Environment

Page 2 of 9



Page 3 0f9

oNOYTULT D WN =

The Journal of Physical Chemistry

band implies that the hole corresponds to a dm orbital that is
mixed with the m orbitals from the cyanide bridge and those
of the second metallic center, i.e. d, or dy, (with z the main
axis of the molecule). This excited state is therefore labeled as
3MLCTz. The shape and properties of the PIIVCT (vide infra)
suggest that in this excited state the hole is delocalized over
the bimetallic complex, hence its configuration is {Ru""(tpy-

)(bpy) (u-CN)Ru'"(py) ,C1}.
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Figure 2. Selected differential absorption spectra of [RuRu]>*
at delay times of 1 ns (black line), 2 ns (blue line), 3 ns (green
line), and 10 ns (red line) in DMSO following excitation at 387
nm.
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Figure 3. Upper left: Differential absorption 3D map obtained
from nanosecond pump-probe experiments (Aey= 387 nm) for
[RuRu]>* in DMSO at room temperature. Upper right: Time
absorption profiles (open circles) and corresponding fittings
from target analysis (solid lines) using a parallel two-state
model. Bottom left: Species-associated differential spectra of
3MLCTz (blue line) and 3SMLCTxy (green line) for [RuRu]>*
upon excitation at 387 nm. Bottom right: Concentration
evolution over time.

At 3 ns (Figure 2, Figure S7 for 505 nm excitation), the
PIIVCT signature is absent, while other signals are still
discernable: a bleaching centered at 20600 cm™ (485 nm) as
well as a broad, but weaker photoinduced absorption at <
18200 cm™ (A > 550 nm). In other words, an excited state
different from 3MLCTz is also present. Notably, the
differential absorption spectrum at this time delay is very
similar to that observed for the [Ru(tpy)(bpy)(CN)]* reference
(Figure S8), where the negative signal mirrors ground state
absorption, and the broad and weak positive signal is mainly
due to radical anion ligand centered n* < m* photoinduced
absorptions. Therefore, we assign it to a SMLCT excited state
localized on {Ru(tpy)(bpy)}, where the electron is also located
in the tpy ligand while the hole is in dy, an orbital pointing
towards the radical anion and perpendicular to the bridge, i.e.
{Ru"'(tpy) (bpy) (1-CN)Ru(py),Cl} or SMLCTxy.

The decay of the PIIVCT signal does, however, not coincide
with the growth of the 3MLCTxy bleaching. This led us to
postulate that both species coexist and we performed target
analyses to test the simultaneous presence of two species. By
fitting the decay data with two species, we obtained lifetimes
of 1.3 and 6.3 ns and spectra that are shown in Figure 3 (Figure
Sg for 505 nm excitation, Tables S4 and Ss).4 Both lifetimes
are in sound agreement with those obtained by TCSPC.
Overall, these lifetimes are shorter than those usually
observed for {Ru(tpy)(bpy)}-based 3SMLCTs.4447:48

The differential absorption spectrum of 3SMLCTz is similar
to that obtained from the one-electron oxidation of [RuRu]>*
(Figure 1). This suggests that a common mixed valence
configuration of the hole exists for both the photo- and
electrogenerated state. At this point, it is, however, important
to note the differences between the GSIVCT signature of
[RuRul3* (Figure 1) and the PIIVCT signature of 3MLCTz
(Figure 3). In the ground state, the energy difference between
the redox potentials for the oxidation of the ruthenium
centres is 0.87 V.4 This results in a GSIVCT signature at 10400
cm™ in acetonitrile. The PITVCT is, however, seen at 69oo cm-
! and correspondingly suggests a much smaller energy gap
between the metallic d7 orbitals. We ascribe this red-shift to
the presence of the tpy~ radical anion as part of the SMLCT
excited state. It destabilizes the ruthenium orbitals in
{Ru(tpy)(bpy)} and brings them closer in energy to those of
{Ru(py),Cl}. The direct consequence of this shift is a more
even distribution of charges in 3MLCTz than in the GSMV
state. A similar reasoning has been used in conjunction with
the shifted photoinduced LMCT markers, in comparison with
GS LMCT absorptions, in, for example, {Ru(NCS)}
complexes.#® Notably, this is one of the very few examples in
the literature, where a PIIVCT signal is reported.3\-4°

Our PIIVCT assignment of the NIR photoinduced transition
in 3MLCTz spectrum was independently supported by
theoretical calculations. DFT methods were employed to
identify the lowest triplet excited state of [RuRu]** and its
electronic configuration and (TD)DFT calculations were
performed to simulate its electronic spectra. Notably, the
calculated spectrum presents a NIR electronic transition at
6900 cm™ (Table S6, Figures Sio and S12), which is in sound
agreement with that observed experimentally (Figure Si2).
Hence, the calculated electronic distribution is a very good
approximation to that of SMLCTz. A plot of the spin density

3
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for the calculated lowest triplet excited state (Figure Si2)
shows that the hole sits in a delocalized orbital, which is
parallel to the intermetallic axis. Moreover, Mulliken spin
densities of 0.50 and 0.47 for the metal ions in {Ru(tpy)(bpy)}
and {Ru(py),}, respectively, are obtained (Figure Si2).
However, it should be considered that DFT methods tend to
miscalculate the energy of delocalized configurations,*5 due
the so-called “self-interaction error” that involves the residual
interaction of an electron with itself.5»53 Therefore, the
conclusion that 3SMLCTz is the lowest triplet excited state,
especially in comparison with other low energy excited state
as 3MLCTxy, is not valid

The differences in the NIR spectral region between 3SMLCTz
and 3MLCTxy relate to the symmetry of their configuration.
In 3MLCTz, the hole sits in orbitals parallel to the
intermetallic axis and, in turn, allows for mixing between both
metallic centres and the cyanide bridge. Both a high degree of
hole delocalization and the presence of the intense PIIVCT
absorption stem from the electronic coupling in 3SMLCTz. In
fact, the asymmetric shape of the PIIVCT band compares well
with previous observations for IVCTs in delocalized cyanide
bridged systems (Figure S13) and suggest that 3SMLCTz is an
excited-state Class III mixed valence complex.5* Moreover, the
energy and shape of this transition show no significant
differences in different solvents (Figure Si4). The lack of
dependence on the nature of the solvent of properties of the
IVCT transitions is a common marker to identify a Class III
mixed-valence complex.229

For 3SMLCTxy, the absence of intense absorptions in the NIR
leads us to propose an electronic configuration where the hole
is placed into an orbital perpendicular to the intermetallic
axis, precluding strong interactions between the metal
centers.5>5° Therefore, in 3MLCTxy the hole is mostly
localized on {Ru(tpy)(bpy)}. These observations resemble
those seen for ground-state mixed-valence [Ru(T)(bpy)(u-
NO)Ru(py),(CN)P* and [Ru(T) (bpy)(u-
NC)Ru(MeOpy),(CN)3* (T = tpy or tris(1-pyrazolyl)methane).
There, the symmetry of the (GS)HOMOs is modulated by
pyridine substitution.5? In the earlier case, the (GS)HOMO is
parallel to the intermetallic axis and, in turn, delocalized. The
outcome is a strong GSIVCT absorption. In the latter case, the
(GS)HOMO is perpendicular to the intermetallic axis and
localized on {Ru(MeOpy),}, yielding much weaker GSICVTs.
In [RuRu]?**, the different electronic configurations are,
however, not a direct consequence of a different substitution;
instead the two coexist upon photoexcitation.

To unveil the excited-state dynamics that create the
aforementioned excited state scenario, we turned to
picosecond vis-NIR transient absorption measurements with
argon-saturated DMSO solutions of [RuRu]** under 387 nm
photoexcitation (Figure 4). Global analyses of the data result
in four sequential decays with lifetimes of 12, 101, 828 and 3500
ps (Table S7). Notably, at least two of them are on the sub-
nanosecond timescale. For a more detailed understanding we
turned to target analyses using the model displayed in Figure
5: it includes four different states and considers three parallel
branches, which are all born from a vibrationally hot excited
state (Table S8). Singlet excited states are nondetectable with
our time resolution due to rapid intersystem crossing.’® As
such, the first observable states upon 387 nm photoexcitation

should be vibrationally hot 3MLCTs of {Ru(py),} and
{Ru(tpy)(bpy)}. Our model assigns a single excited state
precursor, namely hot-3MLCT, that accounts for both of them
and the differential absorption spectrum is a “mixed” excited
state.5® Within 7 ps, which is characteristic for vibrational
cooling,47%0-%¢ three well distinguishable excited states are
populated. Two of them are ascribed to 3MLCTz and
3MLCTxy, since their species associated differential
absorption spectra and their lifetimes match those obtained
in nanosecond experiments (vide supra).% This leaves only the
third excited state unassigned. Based on a decay of 110 ps, we
hypothesize that it is a remote 3MLCT, in which the electron
is on the tpy ligand and the hole is localized in {Ru(py),}.
Important for our assignment are the presence of two typical
photoinduced absorptions associated with the tpy* radical
anion at 21050 and 16100 cm™ (475 and 620 nm, respectively)
and the stronger bleach at ~390 nm. This 3SMLCTr state,
formally described as {Ru''(tpy’)(bpy)(u-CN)Ru"(py),Cl},
decays faster than any of the other two states. Most likely
thermal population of {Ru(py),}-based dd states is responsible
for its short lifetime.6:67

Independent confirmation for our model came from
picosecond vis-NIR transient absorption measurements with
argon-saturated DMSO solutions, but with 505 nm rather than
387 nm illumination (Figure S17). Only {Ru(tpy)(bpy)} is
excited and 3MLCTr is not expected to participate in the
overall decay cascade. In fact, target analyses based on a model
with only three excited states was sufficient to afford a good
fit: hot-3MLCT, 3MLCTz, and 3SMLCTxy (Figures S17 and S18).
Figure Si9 illustrates the presence of an additional process
under 387 nm excitation in comparison with 505 nm
excitation.
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Figure 4. Upper left: Differential absorption 3D map obtained
from picosecond pump-probe experiments (Aex= 387 nm) for
[RuRu]>* in DMSO at room temperature. Upper right: Time
absorption profiles (open circles) and corresponding fittings
from target analysis (solid lines). Bottom left: Species-
associated differential spectra of hot3MLCT (black line),
3SMLCTr (red line), 3MLCTz (blue line) and 3MLCTxy (green
line) for [RuRu]** upon excitation at 387 nm. Bottom right:
concentration evolution over time.
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Figure 5. Kinetic model for [RuRu]>* under 387 nm excitation.

The coexistence of 3MLCTz and 3MLCTxy brings up
questions related to their energy difference and their
interconversion. We believe that they are nearly degenerate in
terms of energy and it is difficult to unambiguously
corroborate if 3MLCTz or SMLCTxy are at a lower energy. On
one hand, delocalization is expected to stabilize SMLCTz with
respect to 3MLCxy. On the other hand, in both states the
excited electron sits in a tpy-based orbital pointing to the dy,
metallic orbital, so electron-hole mutual interactions tend to
stabilize SMLCTxy with respect to 3MLCTz. Moreover, why
are they not interconverting on shorter timescales as it
happens in [Ru(tpm)(bpy)(NCS)]+?49%8 The origin of the
kinetic barrier, which is responsible for this behaviour,
probably relates to the different nature of the orbitals that the
holes occupy in the two states. In 3SMLCTz, the positive charge
density is distributed over the {RuRu} fragment.
Interconversion to 3MLCTxy would imply a charge
redistribution to a single {Ru} and would involve changes in
bond distances and angles, as it usually occurs in the decay of
SMLCT excited state to the ground state. Our rationale is
consistent with the barrier observed in
[Ru(tpm)(bpy)(NCS)]*,4 where a charge redistribution occurs
from a {Ru} to a {Ru(NCS)}, involving, however, a smaller
number of bond distances and angles than in [RuRu]>*.
Accordingly, the barrier is smaller in [Ru(tpm)(bpy)(NCS)]*
and allows for the interconversion between 3MLCT excited
states of different symmetry on a timescale of 300 ps.

CONCLUSION

Here, we demonstrate the use of NIR photoinduced
absorptions of bimetallic [Ru(tpy)(bpy)(n-CN)Ru(py),Cl]*
([RuRu]?*) to identify the coexistence of two long lived mixed
valence excited state. This is of utmost importance for the
design of photoactive materials based on coordination
compounds as such a configuration enables different
reactivity. In a recent contribution,° trapping of SMLCT states
of different symmetry was observed in monometallic
{Ru(bpy)} complexes. To this end, the current work shows
another instance of the presence of two low energy excited
states with different electronic configurations. We document
the possibility to exert spatial control over the aforementioned
states by just adding a second metal centre. In the
corresponding [RuRul?**, the net result is that only the
wavefunctions of the appropriate symmetry delocalize over
the bimetallic fragment, while the wavefunctions, which are
mostly orthogonal to the intermetallic axis, remain localized.
The observation of this phenomenon paves the way to design

functional molecular systems, where excited states of different
symmetry are populated. [Ru(tpy)(bpy)(p-CN)Ru(py),(p-
NC)Cr(CN),], for example, is a very interesting case. Energy
transfer from the Ru fragments to the Cr fragment is known.
It should, however, strongly depend on the symmetry of the
populated {RuRu} excited state. We are hopeful to apply our
NIR transient absorption diagnostics for the elucidation of the
underlying reaction mechanism.
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Trace impurities of monomeric {Ru(tpy)(bpy)} complexes
could also be responsible for the SMLCTxy state in the
deactivation cascades of [RuRu]*". These impurities may come
from inefficient purification of the samples. Considering our
preparation methods, [Ru(tpy)(bpy)CI]* and [Ru(tpy)(bpy)CN]*
are reasonable synthetic impurities. However, their MLCT
maxima at 500 or 490 nm and their lifetimes in DMSO of 20 and
16 ns for the chlorido and cyanido-complex, respectively, are
inconsistent with 3MLCTxy (475 nm, 6.3 ns). Impurities might
also be due to decomposition upon laser illumination:
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The 3MLCT characteristics of the oxygen-bound DMSO-
complex (475 nm, 8 ns)*’ seem compatible with our results.
Nevertheless, SMLCTXy is rather insensitive to the solvent. Very
similar SMLCTxy states are observed in transient absorption
experiments with [RuRu]?*" performed in water (470 nm, 3.9 ns)
or ACN (480 nm, 3.4 ns) (Figure S15). These are, in turn,
inconsistent with the MLCT excited states observed for
[Ru(tpy)(bpy)(OH,)]** in water (480 nm, 200 ps),* and
[Ru(tpy)(bpy)(ACN)]*" in ACN (no bleach, 450 ps, Figure S16).
Therefore, the formation of a solvento-complex via photolysis in
transient absorption experiments can be safely ruled out.)
Internal conversion between these states may set in, but on a
timescale comparable to their lifetimes. The lifetime of
SMLCTxy is shorter than that of MLCT states in
[Ru(tpy)(bpy)(CN)]*. A 3MLCTxy to 3MLCTz internal
conversion might be responsible for this. In the monometallic
reference, monoexponential fittings render only one time constant
of 13.4 ns upon 505 nm excitation and 12.2 ns upon 387 nm
excitation in DMSO. Nevertheless, the lack of PILMCT (as in
{Ru(NCS)} complexes)* or PIIVCT spectroscopic markers
hampers unequivocal conclusions about the participation of
excited sates of different symmetries in the deactivation cascades.
Analogously, a SMLCTz to SMLCTxy process might shorten the
lifetime of 3SMLCTz in comparison to typical MLCT states. In
this case, however, the delocalized nature might favour
interactions with {Ru(py)s}-centred dd states, which could also
contribute as a deactivation pathway.
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Kinetic Isotope Effect in the Excited-State Relaxation of a
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Synopsis

Photoexcitation of [Ru(tpy)(bpy)(u-CN)Ru(py)4CI]2+ results in the simultaneous
population of two *MLCT excited states of different symmetry. In *MLCTz the hole sits in
an orbital parallel to the intermetallic axis allowing for a strong metal-metal electronic
coupling and intense photoinduced intervalence charge transfer (PIIVCT) NIR absorptions.

In 3MLCTxy the hole is localized in an orbital perpendicular to the intermetallic axis and, in

turn, significant intermetallic coupling is absent.
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