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Deep Blue Mixed-Valent Pt"'Pt""Pt" Complex [Pt;Br,(n-pz)]
(pz =Pyrazolate) Showing Valence-Detrapping Behavior in Solution

Keisuke Umakoshi,*!*! Takashi Kojima," Yong Hun Kim,"”! Masayoshi Onishi,**!
Yoshihide Nakao,"™ and Shigeyoshi Sakaki'”!

Abstract: The oxidation of the pyrazo-
late bridged cyclic Pt" trimer, [Pt;(p-
pz)¢] (1), in the presence of bromide
ion gave a deep blue mixed-valent

Pt,"" M gpecies mainly consists of (d—~
d,) and (dsd,)* orbitals, respectively,
and the origin of deep blue color of the
bromo complex, 2, arises from the (d,~

d,)—(d,~d,)* transition. Unique fluxio-
nal behavior was observed due to va-
lence-detrapping of 2 in solution. The
activation parameters of the valence-

Pt complex, [Pt:Br,(p-pz)] (2).
The structural analysis of 2 disclosed
that the complex has localized Pt—Pt
bond. Our theoretical calculations re-
vealed that the HOMO and LUMO of

Introduction

Metal-metal bonded platinum complexes can be classified
into two categories. One includes the complexes that have
Pt—Pt bonds perpendicular to the square planes defined by
coordinated atoms, such as Pt"™' dimers,"™ linear mixed-va-
lence complexes,”” and one-dimensional complexes.**! In
such complexes, the d orbital of each Pt atom plays an im-
portant role in the formation of Pt—Pt bonds. The other in-
cludes the complexes consisting of the fragments with differ-
ent geometries from the former category, such as acetato-
bridged tetramers and trimers!'"” and low-valent platinum
clusters.''! For these complexes, the contribution of the d,._.
or p orbital becomes more dominant for the Pt—Pt bonds.
Because most known cyclic trinuclear platinum clusters
belong to the latter category, it is interesting and challenging
to form direct Pt—Pt bonds by removing electrons mainly
from d,. orbital of each Pt atom in the Pt" trinuclear unit
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detrapping of 2 obtained by Eyring
analyses were AH?=37(2) kJmol™

flux- N
and AS? =—67(7) Jmol 'K

with face-to-face association,'” which potentially belongs to
the former category.

To synthesize such novel Pt—Pt bonds, the best-fit com-
plex is probably the pyrazolato-bridged trinuclear plati-
num(1) complex, [Pt;(u-pz)s] (pz=pyrazolate) (1), because
it has very similar structure to a typical complex with face-
to-face association, [Pds;(u-OAc)s].'"***! The complex 1 was
originally prepared by Burger and Strihle in 1985, and its
convenient preparative route was recently developed by
us.'” To give an answer to the question about whether a
direct Pt—Pt bond can be formed in the cyclic platinum
trimer or not, we conducted the oxidation of 1 and succeed-
ed, for the first time, in the isolation and characterization of
the two-electron oxidized species, as well as the assignment
of their electronic spectra. Very interestingly, the oxidized
species show “valence-detrapping” behavior in solution.
Here we define the term “valence-detrapped complexes” as
the complexes that have sufficient energy to interconvert
between their vibronic states faster than the NMR time-
scale.

It is known that the trinuclear mixed-valence complexes
[Fe;(u-O)(u-O,CCH;)6(L)5]-S (L=H,O or (substituted) pyri-
dine; S=solvate molecule), which can be described as trap-
ped-valence Fe™,Fe" complexes on the 107"'-10""?s time-
scale at low temperatures, also start to interconvert between
their three or four vibronic states as the crystal is
heated."*"¥ In this case, an increase in temperature leads to
a conversion from being valence trapped on the Mdossbauer
and NMR timescale to valence detrapped with accompany-
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ing phase transitions. According to the solid-state 2H NMR
studies, this conversion occurs together with an onset of
motion of the S solvate molecule.'”! A theoretical model has
also been developed to understand the effects of intermolec-
ular interactions in the solid state upon the rate of intramo-
lecular electron transfer.”

On the other hand, in the case of [Pt;Br,(u-pz)s], the va-
lence-detrapping occurs in the solution state in associative
manner, either through approach of solvent DMF molecule
to the Br-coordinated Pt center or through approach of a
Br™ ion to the uncoordinated Pt atom in the presence of
excess Br™. Herein we report on novel mixed-valent P,/
complexes, which belong to the trapped-valence system with
the Pt—Pt d, bond perpendicular to the square planes and
show intriguing valence-detrapping behavior in solution.

Results and Discussion

Synthesis, structure and properties of mixed-valence com-
plex: The oxidation of 1 by (NH,),Ce"V(NO,), in the pres-
ence of KBr in CH,Cl,/H,O afforded deep blue compound 2
irrespective of the complex/oxidizing agent ratio. The com-
pound was found to be diamagnetic by the SQUID mea-
surement, indicating that two-electron oxidation of 1 pro-
ceeded to give Pt species with a singlet spin state.
Single crystals of 2 were obtained by the recrystallization
from CHBr;. The X-ray structural analysis of 2 disclosed
that the compound consists of discrete trinuclear Pt complex
with bromo ligands at the axial site of two of the three plati-
num atoms and should be formulated as [Pt;Br,(u-pz)e
(Figure 1). The isosceles triangle complex molecule 2 has a

Figure 1. Molecular structure of 2 with the atomic labeling scheme (50 %
probability ellipsoids). Selected bond lengths [A] and angles [°]: Pt1—
Ptl*, 2.7787(8); Ptl--Pt2, 3.1267(5); Pt1-Brl, 2.584(1); Pt1*-Ptl-Pt2,
63.618(8); Pt1-Pt2-Pt1*, 52.76(2); Pt1*-Pt1-Brl, 156.40(2); Pt1*-Pt1-N11,
69.1(2); Pt1*-Pt1-N12%, 69.4(2); Pt2-Pt1-N21, 62.1(2); Pt2-Pt1-N31%,
61.8(2).
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crystallographically imposed twofold axis passing through
the Pt2 atom and the midpoint of Pt1—Pt1* bond. The Pt1—
Pt1* and Ptl1--Pt2 distances are 2.7787(8) and 3.1267(5) A,
respectively; the former is 0.27 A shorter and the latter is
0.08 A longer than the average Pt-Pt distance (3.048 A) in
[Pt;(u-pz)s] 1! which is an ideal equilateral triangle. This ob-
servation strongly indicates that the oxidation states of Ptl,
Pt1*, and Pt2 atoms are +3, +3 and +2, respectively, and
that the Pt—Pt single bond is localized between Pt1 and Pt1*
atoms, which will be discussed below in more detail.

Similarly to the reactivity of dinuclear Pt"™ com-
plexes,*>7! the axial bromo ligands at Pt'"! sites in 2 can be
replaced by chloro ligands to give purple complex [Pt;Cl,(p-
pz)¢] (3). The complex 3 can also be obtained by the oxida-
tion of 1 in the presence of KCl instead of KBr. However,
the instability of 3 in common organic solvents except for
carbon tetrachloride and the contamination of 1 prevent
from the full characterization of 3. The UV/Vis spectra of 2
in DMF show three intense absorption bands at 16900,
21000, and 30600 cm™" (Figure 2). The chloro complex 3 ex-
hibits higher energy shift of the corresponding absorption
bands at 18200, 22500, and 32800 cm™', respectively (Fig-
ure S6 in the Supporting Information).
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Figure 2. UV/Vis spectra of 2 in DMF: A,./(¢): 16900 (3400), 21000
(1800), 30600 cm™" (9100m~'cm™).

Valence-detrapping behavior in solution: The 'H NMR spec-
trum of 2 in [D;]DMF at 20°C exhibits broad resonances at
0=7.91 and 6.20 ppm, while that at 70°C exhibits sharp res-
onances at 0=7.81 and 6.13 ppm in a 2:1 intensity ratio, in-
dicating that all of the pyrazolate ligands are equivalent on
the NMR timescale in solution at this temperature. The var-
iable-temperature NMR studies between —60 and +70°C
disclosed the fluxional behavior of 2 in DMF, as discussed
below (Figure 3). Each sharp resonance at 70°C broadened
with decreasing temperature, and the coalescence occurred
at 10°C. After the coalescence, the resonance sharpened
again with decreasing temperature and split into two distinct
resonances, for which each intensity ratio was 2:1. The dy-
namic behavior was fully reversible over the temperature
range studied. These observations strongly indicate that
complex 2 retains its original structure at low temperature.
The HHCOSY spectrum at —50°C enabled us to assign the
proton signals of 2, in which the integral ratio of H- & Hg
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Figure 3. Variable-temperature '"H NMR spectra of 2 in [D;]DMF.

(0=8.03 ppm), Hy (6=7.81 ppm), H, (6=6.30 ppm) and
H, (6=06.07 ppm) is 4:2:2:1 (Scheme 1).

To gain further insight into the dynamic process, the line-
broadening kinetics were studied. The simulation of varia-
ble-temperature NMR spectra of H, signals by the uncou-
pled two-site exchange model with the population of 0.33
(pa) and 0.66 (pg) reproduced well the original spectra,
from which the rate constants of each temperature were de-
termined (Figure 4).””! The activation parameters obtained

H
Pt\—N/N\\\///Hg

H ;:[\HD
HE  Hp

Scheme 1. Schematic representation of 2. Half of the pyrazolate ligands
(black) are related to the rest of ligands (gray) by an idealized mirror
plane defined by the three Pt atoms.
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Figure 4. Experimental (left) and simulated (right) variable-temperature
"H NMR spectra of 2 showing the H, resonances. Best-fit first-order rate
constants (k,_p) are given with the simulated spectra.

by Eyring analyses were AH” =37(2) kimol™' and AS” =
—67(7) Jmol' K~!. The moderate value of AH” indicates
that the fluxional behavior occurs easily. The addition of
Br™ ions to the solution of 2 in DMF did not have much
affect on the UV/Vis spectrum, while the variable-tempera-
ture NMR spectra of 2 in the presence of Br™ ions showed a
downward shift in the coalescence temperature. These re-
sults and the difference in spectrum between 2 and 3 suggest
that 1) the two halide anions do not dissociate from Pt
atoms, but coordinate with two Pt atoms in DMF, as in the
solid-state structure, as an equilibrium structure; 2) one Pt
atom is not coordinated with halide anion even when halide
anion exists in excess; and 3) the fluxional process occurs in
associative manner, maybe, either through the approach of
DMF to the Br-coordinated Pt center or approach of Br~ to
the uncoordinated Pt atom in the presence of excess Br-
ions. Thus it is concluded that the migration of Br~ ion (i.e.,
the dissociation of Br~ ion from one of the Pt" centers fol-
lowed by rebinding of the Br~ ion with the Pt" center)
occurs with the concomitant shift of the Pt—Pt bond. This
fluxional process is temperature-dependent and corresponds
to the valence-detrapping, which can be formally represent-
ed in Scheme 2."'821-22 Tt js worth noting that the valence-
detrapped state may be classified into “Phase III” of the
theoretical model, which was constructed for the trinuclear
mixed-valence complex [Fe;(u-O)(pu-O,CCH;)s(py)s]-(py) to
explain the observed temperature dependencies of heat ca-
pacity and Mdossbauer spectra.
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Scheme 2. Fluxional behavior of 2 due to valence-detrapping showing the
migration of Br~ ion and the concomitant shift of the Pt—Pt bond.

As described below, an intense band at 30600 cm ™' (band
C) in the UV/Vis spectrum of 2 is assigned to the interva-
lence charge-transfer (IVCT) excitation. The thermal elec-
tron-transfer energy (E(fl) is expected to be 1/4 of IVCT
transition energy according to Hush model;?Y E} =F, /4=
7650 cm™! (91.5 kJmol™!). However, the activation enthalpy
(AH?), observed for the fluxional behavior of 2, which cor-
responds to the electron transfer, is smaller than the 1/4 of
the IVCT excitation energy. This is not surprising, because
the IVCT excitation occurs without the movement of Br~
ion, and, maybe, the coordination of DMF due to Franck-
Condon principle, but the thermal electron transfer occurs
with the Br~ movement and the DMF coordination (see
Supporting Information “Relationship between IVCT band
and AH” value of fluxional behavior”).

Electronic structure: To understand the electronic structures
of pyrazolato-bridged Pt;"™™™ complexes, [Pt;Br,(u-pz)s] (2)
and its chloro analogue 3 were investigated by DFT meth-
ods. The fundamental geometrical features of 2 are well re-
produced by the DFT calculations. The largest deviation be-
tween experimental and theoretical bond lengths is in the
Pt1-Pt1* distance; the calculated value is longer than the
experimental value by 0.096 A (Table S3 in the Supporting
Information). Several molecular orbitals important to the
band assignments and the Pt—Pt bond are shown in
Figure 5.1 Evidently the HOMO (MO 167) mainly consists
of the d,—d, bonding overlap between Ptl and Pt1* atoms
and the d,—p, antibonding overlap between Ptl (or Pt1¥)

<
166 167 (HOMO)

Figure 5. Isosurface plots (1 ==+0.05 a.u.) of several molecular orbitals important to the band assignment and

Pt—Pt bond for 2 at time-dependent B3LYP method.
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and Br, into which the d_. orbital of Pt2 mixes in an anti-
bonding way with the d,—d, bonding overlap. The LUMO
(MO 168) involves the d,—p, antibonding overlap between
Ptl (or Pt1*) and Br and the antibonding overlap of two d,
orbitals between Ptl and Ptl*, into which the d,. orbital of
Pt2 does not mix at all, because of the difference in symme-
try. The rest of the lower energy molecular orbitals consist
of the d,. orbital of Pt2 and the p, orbital of Br  ion
(MO 150), the p orbital of bridging ligand (MO 154), the p,
orbital of Br~ ion (MO 158), the p, orbital of Br~ ion and
the d, orbital of Ptl and Pt1* (MO 165), and the d, orbital
of Pt2 (MO 166). Essentially the same orbitals are observed
in the chloro analogue 3. Electronic excitation energies cal-
culated by the time-dependent (TD) DFT (B3LYP) method
are somewhat smaller than the experimental values as
shown in Table 1, probably because the DFT calculation
does not incorporate well the mixing of the (d,~d,)—(ds~
d,)* excited configuration in the 'A, ground state,?’ in
which (dsd,) and (d,~d,)* represent d,~d, bonding orbital
and its antibonding counterpart, respectively. To estimate
the effects of the participation, the electronic excitation en-
ergies by the TD-B3LYP method were corrected by incor-
porating the differences in the 'A;—’B, vertical transition
energies between the TD-B3LYP and MRMP2 methods
(Table S7 in the Supporting Information).” The corrected
excitation energies for 2 (Table 1) agree well with the ob-
served values. Also, upon going to 3 from 2, the observed
blue shift of each absorption band (1300-2200 cm™) is in
good agreement with the differences of calculated excitation
energies between 2 and 3 estimated by TD-DFT calculations
(Tables S5 and S6 in the Supporting Information).

The most intense band at 30600 cm™' (band C) with e=
9100M 'cm™! is readily assigned to the intervalence transi-
tion from d, orbital of Pt" ion to (d,~d,)* orbital of the
Pt1-Pt1* bond (MO 150—MO 168), which exhibits in part
LMCT character. The (d,d,)—(d,d,)* transition
(MO 167—MO 168) moderately contributes to this band.
The second band at 21000cm™' (band B) with e=
1800M ' cm ™' is attributed mainly to the LMCT transition
(MO 165—MO 168). The (d~d,)—(d~d,)* transition
(MO 167—MO 168) and intervalence transition (MO 150 —
MO 168) also contribute to this band to some extent.

The lowest energy band at

16900 cm™ (band A) with ¢=

ﬁ 3400M ' cm™' mainly consists
: ‘5 of the (ds~d,)—(d,~d,)* transi-
M tion (MO 167—MO 168), in
( © which the LMCT transition

165 (MO 165—MO 168) and inter-
valence transitions (MO 166—

MO 168, MO 150—MO 168)

also participate. Thus, the (d,~

d,)—(d;d,)* transition is re-

sponsible to the intense deep

blue color of 2, and the influ-

ence of the axial ligands on the
color (i.e., absorption spec-
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Table 1. Calculated and corrected transition energies, oscillator strengths,
and band assignments for the electronic absorption spectrum of [Pt;Br,-
(u-pz)] (2) by the time-dependent B3LYP method with Basis IIL1**!

Band Observed
position [cm™!]

Calcd position [cm™']
(corrected position)!
< caled osc strength >

Assignment

transition coefficient

A 16900 13040 (17 840) 167—168 0.45320
<f=0.0381> 165—168 0.29688

166—168 —0.28415

150—168 0.19524

B 21000 15720 (20520) 165—168 0.57501
<f=0.0351> 167—168  —0.20990

150—168  —0.19965

158—168 0.13052

154—168 —0.12863

C 30600 27880 (32680) 150—168 0.56679
<f=0.5347> 167—168  —0.14480

[a] Selected optimized geometrical parameters for the 'A, state of 2 are
Pt1-Ptl1*, 2.875 (2.7787); Pt1—Pt2, 3.186 (3.1267); Pt1—Brl, 2.667 (2.584);
Pt1#-Pt1-Pt2, 63.182 (63.618); Pt1*-Pt1-Brl, 154.570 (156.40); Pt1*-Ptl-
N11, 68.053 (69.1/69.4); Pt2-Pt1-N21, 61.991 (62.1/61.8), in which the
values in parentheses are experimental data (distances in A and angles in
degree). [b] The transition energies and oscillator strengths calculated
with Basis I, II, IV, V and VI are summarized in Tables S5 and S6 in the
Supporting Information. [c] Basis III: Pt (LANL2DZ); H, C, N, Br (cc-
pVDZ) [d] The electronic structure of the ground state 'A,, which has
two main configurations, must be calculated with multiconfigurational
method to present correct electronic structure. This means that the DFT-
calculated value considerably deviates from the correct value. On the
other hand, the excited states, *B, and 'B,, can be described well by the
TD-DFT method. To estimate the multiconfigurational effects of the
ground state, transition energies by the TD-DFT method were corrected
by considering the difference in 'A;,—’B, vertical transition energies be-
tween TD-DFT and MRMP2 methods. The correction was made with the
following relation; AE . .=AE(MRMP2)—AE(TD-B3LYP), in which
AE is 'A,—°B, vertical transition energies.

trum) of Pt;"™"™™ complexes is attributed to the contribution
of the LMCT character of this transition, because halide p,
orbital participates in both MO 167 and MO 168. Actually,
this band is observed at higher energy in 3, which is repro-
duced well by the TD-DFT calculation. Similar assignment
was presented for the absorption band at 680 nm in cis-dia-
mmineplatinum o-pyridone blue (PPB) by SCF-Xa-SW cal-
culations.”! Usually, the (d,~d,)—(d,~d,)* transition of tri-
valent platinum dimers appears in the ultraviolet
region.’*?" The (d,~d,)—(d,~d,)* transition at the low
energy observed here implies that the cyclic trimer structure
diminishes the magnitude of the overlap of d, orbitals,
which leads to the elongation of Pt—Pt bond to raise the
energy of (d,—d,) bonding orbital and to lower the energy of
(ds~d,)* antibonding orbital. These are consistent with the
facts that the Pt;""™™ complexes are sensitive towards light
in solution.

Conclusion
Two-electron oxidation of the cyclic trimer consisting of
square-planar Pt" ions produces a spin-paired Pt;""™" spe-

cies with localized Pt—Pt bond rather than Pt**Pt®*Pt®* spe-
cies with delocalized Pt—Pt bonds. We have succeeded in the
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isolation and the first structural characterization of the
Pt,""™ M species. The theoretical calculations revealed that
the HOMO and LUMO of Pt species mainly consist
of (d,~d,) and (d,—d,)* orbitals, respectively, and the origin
of deep blue color of the bromo complex, 2, arises from the
(d—-dy)—(ds~d,)* transition. Unique fluxional behavior in
DMF was analyzed by variable-temperature NMR studies.
This fluxional behavior is reasonably attributed to valence-
detrapping, which occurs through the migration and rebind-
ing of Br™ ion with the concomitant shift of Pt—Pt bond.

Experimental Section

Materials: [Pt;(u-pz)s] (1) was prepared by literature methods." All
other commercially available reagents were used as purchased.

General: UV/Vis spectra were recorded on a Jasco V-560 spectrophotom-
eter at 20°C. The '"H NMR spectra including variable-temperature NMR
spectra and a 2D spectrum were obtained at 400 MHz with a JEOL
JNM-ALA400 spectrometer.

Synthesis of [Pt;Br,(u-pz)q] (2): An aqueous solution of (NH,),Ce(NO;),
(340 mg, 0.62 mmol/50 mL) was added slowly to a suspension of 1
(292 mg, 0.30 mmol) and KBr (88 mg, 0.74 mmol) in CH,Cl, (200 mL)
and the resulting mixture was stirred for 30 min at an ambient tempera-
ture. The organic layer was separated, concentrated to SmL, and then
cooled in a refrigerator over night to complete the precipitation of prod-
uct. The solid was filtered, washed with diethyl ether, and dried in vacuo.
Yield 86 mg, 25%; elemental analysis (%) calcd for C;gH;iBr,N,Pt;: C
18.84, H 1.58, N 14.65, Br 13.93; found: C 18.90, H 1.77, N 14.33, Br
13.81; UV/Vis (DMF): A,,(g)=327 (9100), 475 (1800), 590 nm
(3400 mol ' dm*cm™"); 'H NMR (400 MHz, [D,]DMF, —60°C, TMS): 6 =
8.04 (d, 4H; Hc and Hg), 7.82 (d, 2H; Hy), 6.31 (t, 2H; Hp), 6.08 ppm (t,
1H; Hy).

X-ray structural determinations: Single-crystal X-ray diffraction data
were collected on a Quantum CCD area detector coupled with a Rigaku
AFC7 diffractometer with graphite monochromated Moy, radiation (1=
0.71069 A). Data for 2: crystal dimensions 0.20x0.20x0.20 mm®, mono-
clinic, space group C2/c, a=9.815(2), b=15.635(5), c=16.3668(7) A, p=
96.595(1)°, V=24950(10) A’>, Z=4, T=297K, pPeea=3.055gcm™>,
20 12 =55.09 °, u(Moyg,)=19.959 mm ', symmetry-related absorption cor-
rection (transmission coefficient: 0.0079, 0.0185). Reflections: 10656 col-
lected, 2837 unique (R;, =0.035), 2356 observed [I>20(I)]; 159 parame-
ters refined with R=0.0328 [I>20(])], WR,=0.0862 (all data), GOF=
1.050, residual electron density: +2.42, —1.93 e A~ The crystal structure
was solved by direct method by using SIR92.?®! The positional and ther-
mal parameters of non-hydrogen atoms were refined anisotropically by
the full-matrix least-squares method. All calculations were performed
using TEXSAN.”) CCDC-255774 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.

Computational methods: The geometries of [Pt;X,(u-pz)s] (X=Br, Cl)
were optimized with the DFT method and the transition energies were
evaluated with the time-dependent (TD) DFT method, in which B3LYP
functional was employed.™ In these calculations, various basis set sys-
tems (BasisI, II, III, IV, V, and VI) were used. For Pt, the usual
LANL2DZ basis set’® was employed in Basis I-II1, and a (311111/22111/
411) basis set was used with Stuttgart-Dresden-Bonn effective core po-
tentials (ECPs)™ in Basis 1V, a (541/541/111/1) basis set®"*) was used
with the same ECPs as those of LANL2DZ in Basis V, and a (541/5511/
211) basis set was used with ECPs proposed by Christiansen et al.**! in
Basis VI. For Cl and Br, usual LANL2DZ basis sets®™ were used in
Basis I, 6-31G basis sets®! were used in Basis II, cc-pVDZ basis sets?®”
were used in Basis III-VI. For C, N, and H atoms, usual 6-31G basis

www.chemeurj.org
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sets®! were used in Basis I and II, and cc-pVDZ basis sets™ were em-
ployed in Basis III-VI.

To make correction of the transition energies of the B3LYP method, the
MRMP2! method was applied to the ground 'A, state and the excited
°B, state of these complexes. In the MRMP2 calculations, the CASSCF
active space was employed as the reference space, while the 5s and 5p or-
bitals on Pt atoms, the Ar core orbitals on Br atoms, the Ne core orbitals
on Cl atoms, and the 1s orbitals on C and N atoms were kept doubly oc-
cupied. The CASSCF active space consists of the Pt1—Pt1* bonding orbi-
tal (d,—d,) and the Pt1-Ptl* antibonding orbital (d,-d,)*. The B3LYP
and MRMP2 calculations were carried out using the Gaussian 98! and
GAMESS!* packages, respectively.

Geometry optimization was carried out with BasisI to Basis VI. The
agreement with the experimental results becomes better upon going to
Basis VI from Basis I, though the differences between Basis I and Basis
VI are not large (Supporting Information Tables S3 and S4). The transi-
tion energies were evaluated with Basis I to Basis VI. In addition signifi-
cant differences in the transition energies were not observed between
Basis I and Basis VI (Supporting Information Table S5). The MRMP2
calculation was carried out with Basis III, because MRMP2 calculation
could not be performed with Basis IV to Basis VI due to the large size of
this molecule. In the text, computational results with Basis III are pre-
sented, while results with the other basis set systems are presented in the
Supporting Information.
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