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Spectroscopic and Excited-State Properties of Tri-9-anthrylborane I: Solvent Polarity
Effects
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Spectroscopic and excited-state properties of tri-9-anthrylbor@A8), showing unique absorption and
fluorescence characteristics originating from p(boramjanthryl group) orbital interactions, were studied in

12 solvents. Although the absorption maximum enengy ¢f TAB which appeared at around 24 1¢°

cm! (band I) was almost independent of the solvent polarity paramé@r(f(X) = (Ds — 1)/(2Ds + 1) —

(n? — 1)/(2n? + 1) whereDs andn represent the static dielectric constant and the refractive index of a solvent,
respectively), the fluorescence maximum energyshowed a linear correlation wit€X). Thef(X) dependence

of the value ofv, — vf demonstrated that the change in the dipole momeifita® upon light excitation was

~8.0 D, indicating that absorption band | was ascribed to an intramolecular charge-transfer transition in
nature. The excited electron ®AB was thus concluded to localize primarily on the p orbital of the boron
atom. Furthermore, it was shown that the fluorescence lifetime and quantum yiekBof/aried from 11.8

to 1.1 ns and from 0.41 to 0.02, respectively, with an increage<in The present results indicated that the
nonradiative decay rate constakj, of TAB was influenced significantly b§(X). Excited-state decay of

TAB was understood by intramolecular back-electron (charge) transfer from the p orbital of the boron atom
to the s orbital of the anthryl group, which was discussed in terms of the energy gap dependdagce of
Specific solvent interactions ofFAB revealed by the present spectroscopic and photophysical studies are
also discussed.

Introduction SCHEME 1: Structure of Tri-9-anthrylborane (TAB)
Boron-containingz-conjugated systems, including their poly-

mers, are a subject of current interest because of their unique OO

optical and electrochemical properties,and their derivatives

are expected to play important roles in optoelectronic and LED O B ‘

devices?>10 In particular, boron systems with relatively large O ‘

m-electron chromophores show quite interesting spectroscopic

and photophysical propertiés.1> As an example, Yamaguchi O O

et al. have reported that tri-9-anthrylboraffé\B, see Scheme
1) in tetrahydrofuran (THF) exhibits a broad and intense
absorption band at around 470 nm (band 1), in addition to a
structured anthracene-like band (band Il) in the wavelength
region of 336-380 nm at room temperatuté The compound

characteristics similar t§ AB 1718 Although the photophysics
of organosilane compounds have been studied extensitilg,
number of studies on the photophysics of boron-containing
also shows broad and structureless fluorescence in-@80 m-electron systems is still limited, except for the reports by
nm. Because dilute solutions of anthracene and its derivativesYamau‘:]UChI et alr 15.|n particular, a systematic study on the

X excited-state properties of the compound such as a fluorescence
are well-known to show structured absorption and fluorescence jitatime  radiative and nonradiative rate constants, and so forth
spectra at around 3380 and 386-480 nm, respectivelf,  paq ot been explored until now. It is worth noting that the
the appearance of the absorption band | and the red-shiftedgseciroscopic properties of triarylboranes have been reported
fluorescence ofTAB are very interesting. According to the by Ramse$® and another research grotipRamsey demon-

theoretical calculations by Yamaguchi et al., the HOMO and gyated that, since the lower energy shift of the absorption band
second HOMO (HOMO-1) oTAB degenerate with each other ¢ yriaryihorane by a variation of the-electron chromophore

and are respectively localized primarily on one anthryl group @aryl = ;

) - . . o ; yl = phenyl, tolyl, mesityl, or naphthyl group) correlated
with the S|gn|f|ca_nt density be_lng dlstr|t_>uted on the adjacent linearly with the decreasing order of the ionization potential of
anthryl group, while the LUMO is delocalized over three anthryl 4, aryl group, the absorption band observed for the compound

groups via the p orbital of the boron atom (Figure 3 in ref 11). 414 he assigned to an intramolecular charge-transfer (CT)
On the basis of such calculations, they concluded that band l’transition?o

observed folTAB, was attributed to the HOMOGLUMO and In the course of studying boron-containingchromophore

- itionsll . X
HOMO-1-LUMO transitions-* , systems, we found that the spectroscopic and excited-state
Analogous aryl-substituted main group elements (Si and P) properties of TAB, as a reference compound for our study,

also exhibit very interesting absorption and fluorescence showed marked solvent dependences. Furthermore, the fluo-

* To whom all correspondence should be addressed. E-mail: kitamura@ "€Scence lifetime and quantum yieldAB were also strongly
sci.hokudai.ac.jp. dependent on the solvent. Our experimental observations raised

10.1021/jp0507039 CCC: $30.25 © 2005 American Chemical Society
Published on Web 07/30/2005




7430 J. Phys. Chem. A, Vol. 109, No. 33, 2005 Kitamura and Sakuda

the simple question of whether or not the delocalized LUMO 2.5
reported by Yamaguchi et al. explains the solvent effects on
the spectroscopic and excited-state characteristicTAB . 20k
Furthermore, the spectroscopic properties of triarylboranes ’
reported by Ramsey are also worth comparing with those of —'E
TAB. To obtain basic understanding of the photophysical =2 1.5¢
properties of boron-containing-electron systems, we studied s
solvent effects on the spectroscopic/excited-state properties and 1ol
electroabsorption/electrofluorescence spect®A® in polymer = B
films. -~

In this paper, we report solvent effects on the spectroscopic »es
and excited-state properties ®AB in 12 solvents. Solvent
effects on the absorption and fluorescence characteristics of 0.0

TAB demonstrated that the excited-electron DAB was
localized on the p orbital of the boron atom [abbreviated as
p(B)] and, thus, the lowest electronic transition was best
described by electron (charge) transfer betweenattabital

of the anthryl group [abbreviated agAn)] and p(B). The results
were discussed in terms of those obtained by electroabsorption/
electrofluorescence spectroscopy (i.e., Stark spectroscopy) of
TAB, reported in the next paper in this issue (Part Il of the
seriesf? These results also indicate that nonradiative decay from
the excited state ofAB should be explained by intramolecular
back-electron (charge) transfer from p(B)st¢An). The large
solvent dependence of the nonradiative decay rate constant of
TAB was then discussed in terms of the energy gap law, similar
to that reported for the metal-to-ligand charge-transfer excited
state of Ru(bpyf™ or Os(bpy}?* (bpy = 2,2-bipyridine)23

Wavenumber /x 10 cm’’'

Figure 1. Absorption spectra of AB in THF (black), cyclohexane
(blue), and acetonitrile (red).

Fluorescence Intensity

Experimental Section

Chemicals.Tri-9-anthrylborane TAB) was synthesized ac- R e =
cording to the literatufé and purified successively by column 16 : 18 - _2]’9 22
chromatography on alumina (chlorofomriexane= 1:1 vol Wavenumber / x10” cm

%) and repeated recrystallizations from benzene. The structureFigure 2. Fluorescence spectra ®AB in THF (black), cyclohexane
and purity of TAB were confirmed byH NMR and elemental (blue), and acetonitrile (red). The inset is the spectra normalized to the
analysis®* Spectroscopic grade solvents were obtained from maximum intensity.

Wako Pure Chemicals Co. Ltd. and purified by accepted
procedures, if necessaty.

Measurements. Steady-state absorption spectroscopy was
conducted with a Hitachi U-3300 spectrophotometer, and
corrected fluorescence spectra were recorded on a Hitachi
F-4500 spectrofluorometer. The fluorescence quantum ydgd (
of TAB was determined using Rhodamin B as a standéxd (
= 0.65 in ethanol§® The absorbance of a sample solution at
an excitation wavelength (385 nm) was set 0.05 and refractive
index correction was made to determidg in each solvent.
Fluorescence decay measurements were conducted using
picosecond single-photon counting syst€Knowing ®; and
the fluorescence lifetime offAB (z7) in each solvent, we
determined the radiativés and nonradiative rate constants of
TAB (kn) according to the relationships = ks /(ke + Kn) = ke
7. For fluorescence spectroscopy, sample solutions were de-
aerated by purging with an Ar gas stream for 20 min.

and their maximum energies in THF agreed very well with those
reported by Yamaguchi et al, including a weak fluorescence
shoulder at around~18 x 10 cm ! (~560 nm)!! The
absorption and fluorescence parameters determined in 12
solvents are summarized in Table i the molar absorptivity
(e), v, and the full-width at half-maximum (fwhm) of the
absorption or fluorescence spectrum. It is worth noting that the
broad fluorescence band dGfAB, different from monomer
fluorescence of anthracene itself, is not caused by an inter-
gwolecular interaction betweehRAB moelcules because these
experiments were conducted in the concentration range 6f6
M. Furthermore, the fluorescence is not explained by intra-
molecular excimer formation between the anthryl groups
because two of anyr planes inTAB do not take a parallel
orientation as predicted from the X-ray structure of the
molecule!! Therefore, both absorption band | and the fluores-
cence ofTAB are caused by the participation of ptBy(An)
interactions, as discussed in the following sections.

Figure 3 shows the fluorescence decay profile§AB in

Absorption and fluorescence spectra BAB in several several solvents (monitored at the peak energy in each solvent).
solvents are shown in Figures 1 and 2, respectively. In THF, Since the decay profile was fitted satisfactorily by a single

TAB showed a re|ative|y broad absorp[ion band at a maximum exponential function regardless of the solvent, the excited-state
energy ¢ of 21.1 x 10° cm! (band 1) in addition to a lifetime (z7) of TAB and thusk; and k., could be determined

Results

structured anthracene-like absorption at{38) x 10° cm? accurately. The excited-state parameterSAB (P, 7, ki, and
(band I1). On the other hand, the compound exhibited broad ka) determined in each solvent are summarized in Table 2.
and structureless fluorescence at a maximum enefpgf(18.7 The present observations demonstrated that {loé absorp-

x 10° cm™L. The absorption/fluorescence spectral band shapestion band | 621 x 10° cm™?) or band Il ¢~26 x 10 cm?, the
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TABLE 1: Spectroscopic Properties of TAB at 25°C

absorption fluorescence solvent paraméters
Va € (loge) fwhm iz fwhm n
no. solvent x10®cm™ x10*M~1cm™ cm? x10®cm™ cm? f(X) Ds n cP
1 cyclohexane 21.3 2.11 (4.32) 2260 19.5 2270 —0.001 2.02 1.423 0.898
2 toluene 21.1 2.31(4.36) 2410 19.2 2170 0.013 2.38 1.494 0.552
3 propionic acid 21.3 1.66 (4.22) 2430 19.1 2400 0.119 3.44 1.384 0.958
4 chloroform 21.2 2.12 (4.33) 2460 18.9 2470 0.147 4.81 1.443 0.514
5 ethyl acetate 21.3 1.84 (4.27) 2450 19.0 2660 0.200 6.02 1.370 0.426
6 tetrahydrofuran 21.2 2.14 (4.33) 2480 18.7 2980 0.210 7.58 1.405 0.460
7 dichloromethane 21.2 1.94 (4.29) 2370 18.7 2790 0.217 8.93 1.421 0.393
8 1,2-dichloroethane 21.2 1.86 (4.27) 2590 18.6 3140 0.221 10.4 1.442 0.730
9 1-butanol 21.3 1.12 (4.05) 2450 18.9 2820 0.264 17.5 1.397 2.271
10 acetone 21.3 2.06 (4.32) 2500 18.6 2750 0.284 20.7 1.356 0.304
11 ethanol 21.3 1.01 (4.00) 2570 18.9 3200 0.289 24.6 1.359 1.078
12 acetonitrile 21.3 2.10 (4.32) 2460 18.6 3370 0.305 375 1.342 0.325
aData taken from ref 28.
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Figure 3. Fluorescence decay profiles ®AB in cyclohexane (blue), absorption ¢, shown in black) and fluorescence maximum energies
toluene (green), THF (black), and acetonitrile (red). IRF represents the (v; shown in red). The numbers inserted in the figure correspond to
instrumental response. those in Table 1.

TABLE 2: Excited-State Properties of TAB at 25°C Table 1 includes the following representative solvent proper-

Tt ks Kar (IN Kar) ties: static dielectric constanDy), refractive index i), and
no. solvent D ns x10°st  x1s viscosity ¢7).28 It is clear from Tables 1 and 2 that the solvent
1 cyclohexane 041 11.8 3.5 0.5(17.7) dependences of the spectroscopic and excited-state properties
2 toluene 0.17 7.2 2.4 1.2 (18.6) of TAB are correlated well with the solvent polarity parameter
i grf]?ggggfn?dd 8-859 ?‘)‘r; 12él ??'(}((113'51)) (Ds or n), but not withy. In the following sections, therefore,
5 ethyl acetate 0.07 35 50 2.7 (19.4) we focus our discussion on the solvent polarity dependences of
6 tetrahydrofuran 0.06 4.3 14 2.2(19.2) the observed data.
7 dichloromethane 0.02 2.3 0.9 4.2 (19.9) . )
8 1,2-dichloroethane  0.03 1.8 1.7 5.5(20.1) Discussion
20 ;%:ganrfl %%42 21'_% 2102 %%((22%2) Solvent Polarity Dependences of the Absorption and
11 ethanol 0.05 1.6 3.1 5.8 (20.2) Fluorescence Spectralt is well-known that solvent polarity
12 acetonitrile 0.02 1.1 1.8 8.7 (20.6)  effects on the spectroscopic properties of a molecule are

described by contributions fros and n of a solvent, where

data are not shown here) was almost independent of solvent,D.S andn .(nz’ is. the optical dieleptric COF‘Sta.”F) are related to
while thee and fwhm values of each absorption band varied dlp?Ie lorlentatlon .anld elecg_onlc polarlrz]ablllty.gf a SOIVEnt
marginally with a medium, except for the relatively smaltalue molecule, respectwe%ﬁ._ To discuss suc | contributions, the
in 1-butanol or ethanol as compared to those in other solvents.following solslent polarity parametef(X), is in general em-
On the other hand, the and fwhm values of the fluorescence ployed, eq ¥
spectrum were influenced significantly by the solvent (Table 1

: . - . Di—1 2-1
and Figure 2). As a typical example, a variation of the medium f(X) = (1)
from cyclohexane to CECN resulted in a change in (fwhm) 2D, +1 o041
from 19.5 x 10° (2270) to 18.6x 10® cm ! (3370 cnrl).
Furthermore, the large solvent effects on the fluorescence Figure 4 shows th&X) dependences af, (band 1) and;, where
spectrum accompanied those @pandz;. Namely, the lower- the numbers indicated in the figure correspond to those in Table
energy shift of the fluorescence spectrum on changing from 1. As described in the previous section, it is clear thgshown
cyclohexane to CECN resulted in large decreases in bdth by black) is almost independent i§K). Although the data were
(0.41-0.02) andr; (11.8-1.1 ns). not shown here, the, of band Il was also insensitive f¢X).
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3000 SCHEME 2: Structure of a Dibenzoborole-Containing
n-Electron System (DB), where Ar Represents an
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J& calculated to be 3070 cri(r = 0.97), and this gave Au value

Figure 5. Solvent polarity perametef_(P()] dependence of the Stokes  f ~8.0 D. Because, is almost independent &X), ue should
shift (va — v7). The numbers inserted in the figure correspond to those be responsible for largAu (1e ~ Ax). As described in detail
in Table 1. in Part Il of this seried? Stark spectroscopy provides direct
information aboutAu. The Au value determined foTAB by
Stark spectroscopy was 7.8 D, which agreed very well with the
present observation. Therefore, we conclude thatof TAB
is 7.8-8.0 D. It is worth emphasizing that th: value of TAB
is as large as that of an intramolecular charge-transfer-type
compound. As an exampléu of 4-amino-4-nitrobiphenyl has
been reported to be 12 $:32 Although the largeAu value of
4-amino-4-nitrobiphenyl can be readily understood because of
the presence of the donor and acceptor groups along the long
axis of a biphenyl backbone, that of structurally symmetrical
TAB is extraordinary.

Solvent effects on the fluorescence spectrum of a boron-
containingr-conjugated system have been already repdfiéd.
In particular, it has been demonstrated that dibenzoborole-
containingm-electron systemd)B, see Scheme 2) show large

On the other hand, Table 1 demonstrates thakthalue is
dependent on a solvent [(1.62.31) x 10* M1 cm™]. In
particular, the values in 1-butanol (1.2210* M~ cm™1) and
ethanol (1.01x 10* M~t cm1) were very small compared to
those in other solvents, and the value in propionic acid (k.66
10* Mt cm™1) was also somewhat smaller than those in the
aprotic solvents. Such a large variationeofvith f(X) suggests
HOMO-LUMO overlap inTAB. It has been reported that the
extent of the HOMG-LUMO overlap is dependent on the
degree of steric hindrance in triarylborane; thevalues of
triphenylborane and trimesitylborane are % 6L0* and 1.6x
100 M~1 cm?, respectively; the value is smaller for the
compound with bulkier aryl group®.Although the fwhm of
the spectrum also varied slightly with a solvent (22@%70

cm™1), we could not confirm one-to-one correspondence vent effect the fl \#8The DB deri
between the variations inand fwhm. Organoborane derivatives solvent etfects on the fluorescence spec e erva-
tives display fluorescence maxima at around-5680 nm in

are, in general, unstable in a protic solvent and water, suggestingT ! .
: . : . HF, while the spectrum shifts to the shorter wavelength {420
irect interactions of th Ivent with p(B). The very small ’ ) .

direct interactions of the solvent with p(B) © Very s 480 nm) in a donor solvent such as N, N,N-dimethyl-

values in 1-butanol and ethanol as compared to those in other

solvents would therefore be the result of specific interactions fc:rr_nar:jwlge, orNaN-d[[meth);Ie:ﬁetzmlde. T:\e re?ults éverehexk-]
of the alcohol (and propionic acid) witRAB. In the other nine plained by coordination of the donor solvent to p(B), whic

solvents, the margind(X) dependence of can be attributed prevented delocalization of the electron in the LUMO (blue shift

to the variation of the conformation GfAB (i.e., the extent of of the spectrum). In_the excited stateThB, We suppose that

the HOMO-LUMO overlap (discussed later). a solvent molecule interacts more or less with p(B)..Ne\{erthe-
Figure 4 demonstrates that the value (shown in red) less, thevs value of TAB showed the lower-energy shift with a

decreases with an increasef(X): the slope value= —2850 varlatlen of the solvent from THF to GI&N, which was
cm~! and the correlation coefficient)(= 0.72 for 12 solvents. opposite to the solvent S.h'ft observed @B. Although we are
The slope of the plot suggests that the radiative procesaBf fr;ot certain about :he dgfetreng_pe‘\sBln tZeDEOIVem shift g‘; the
accompanies a relatively large dipole moment change. It is well- | UOréscence spectrum betwe and Db, oné possibie

known that the electric dipole moment change upon an eIectroniceXplanat'on might _be the crowdl_ng around p(B); it IS more
fransition, Au (= g — e, Whereug andue represent the dipole crowded forTAB which prevents direct and strong coordination
y —HUg € g e

moments of a molecule in the ground and excited states, gfasol\(ent mofcﬁ'[le :g pt(B)lt(ﬁee Shc:lremesllar:d ?f).'l;he ab;)r:/e
respectively), can be estimated on the basis of the data in Figure IScussions Indicate thal, afthoug € solvent elects on the
. e fluorescence characteristics DB are very specific, the linear
4 and the following equaticf™ . e e :
relationship in Figure 5, except for the data in 1-butanol and
5 ethanol, indicates that the spectroscopic propertied AB
2Au i i i
(vy— vy) = ==EA4(X) + A 2) should be discussed as common solvent effects without specific
hc solute-solvent interactions (see the next section).

It is worth pointing out that thé\u value of TAB (7.8—8.0
whereh, ¢, a, andA represent the Planck’s constant, the speed D) indicates that the excited state is not explained by the
of light, the radius ofTAB (Onsager radius, assumed to be 9.0 delocalized LUMO!! If the LUMO is delocalized oveiTAB
A), and a constant, respectively. As can be seen from the datavia p(B), such a largeé\u would not be expected because of
shown in Figure 5, we obtained a good linear relationship the symmetrical structure of the compound. The present results
betweenv, — vs andf(X), with the data in 1-butanol and ethanol indicate, therefore, that the excited stateTéB is localized
(nos. 9 and 11) being deviated from the linear relationship. For on p(B). In practice, our theoretical considerations indicated that
the calculation of the slope of the plot, we omitted these data the lowest-singlet excited state BAB was charge transfer (CT)
because specific interactions betweBAB and the alcohols  in origin and the amount of the charge transferrgfl ffom
were suggested as described before. The slope value was them(An) to p(B) was estimated to be as largeggs 1.022 These
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theoretical considerations agree satisfactorily with the experi-
mental results in Figure 5 as well as with the electroabsorption/
electrofluorescence spectra G#AB (i.e., Au = 7.8 D)?
Absorption band | and the fluorescence observedfaB are
thus essentially attributed to the CT transition. The results also
agree with the old works by Ramsey and another research
group?0:21

On the other hand, it has been reported that anthryldimesityl-
borane (An(mesB, two anthryl groups inTAB are replaced
by mesityl groups) in THF shows g, much higher in energy
(23.8x 103cm, 420 nm) than that 6fAB (21.2x 10°cm™,
470 nm)!3 Our preliminary experiments on the effects of the
solvent on the absorption and fluorescence spectra of AnfBies)
indicated that ther. value of the molecule was7.0 D, which
was comparable to that GfAB. Therefore, we think that the
LUMO of An(mes)B is also localized on p(B), as iAB.
However, the lower, value of TAB, compared to that of
An(mes)B, suggests an electronic interaction between the
anthryl groups inTAB. When one assumes that the oxidation
(Ex>) and reduction potential&§ of a molecule correspond
to the HOMO and LUMO energies, respectively, the HOMO
LUMO energy gapAE = E,>* — Ey*9) of TAB or An(mes)B
is calculated to bé\E = 2.70 or 2.92 V, respectivelyE,** =
1.36 andEy®d = —1.34 V for TAB andE,>¢ = 1.30 andE,"¢
= —1.62 V for An(mes)B (vs SCE inN,N-dimethylformamide,
0.1 M n-BusNPFg).33 The AE values agree very well with the
vavalues ofTAB (21.2x 10®cm™! = 2.63 eV) and An(mesB
(23.8x 103 cm 1 = 2.95 eV). Since the behavior is very similar
to the metal-to-ligand charge-transfer (MLCT) transition in poly-
pyridine R#" complexes$*35the results also support electron
transfer froms(An) to p(B) in the excited state ofAB or
An(mes)B. However, because thg°* value of TAB is almost
comparable with that of An(mesd, the difference inv, and,
thusAE, between the two compounds is responsible for that in
E,°d (LUMO energy). Therefore, the electronic interactions,
excited-state energy hopping (i.e., hole hopping), or both
between the anthryl groups would also play a role, partly, in
determining the LUMO energy off AB. Although further
theoretical studies are needed to reveal the explicit origins of
the HOMO and LUMO of TAB, the present experiments
indicate that the excited state DAB is best described by the
localized LUMO, while the electronic interactions between the
anthryl groups contribute to the excited state to some extent.

Solvent Polarity Dependences of the Excited-State Proper-
ties. With an increase irf(X) from —0.001 (cyclohexane) to
0.305 (CHCN), the ®; or 7t value decreased by a factor of
~20 (0.41-0.02) or~10 (11.8-1.1 ns), respectively (Table

. Phys. Chem. A, Vol. 109, No. 33, 2006433

nr

Ink
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1

Figure 6. Energy gap#) dependence of Ik,. The numbers inserted
in the figure correspond to those in Table 1.

The essence of the energy gap dependence lef Ia given
by eq 33

VOEem

hw

wherew is the angular frequency of the vibration(s) responsible
for nonradiative decay angy is given by

Ink, O — 3)

n = 1
whereSis the parameter related to the vibrational displacement
between the ground and excited states. AlthougrBheterm
is included inyy, this contribution to an energy gap plot has
been reported to be mindt.Therefore, Ink, should correlate
linearly with E¢ry under the assumptions of the energy gap law.
In the present experiments, singgs almost independent of
f(X), thevs value as a measure &, in a given medium was
plotted against the relevant ka, value (Figure 6). As can be
seen in the figure, we obtained a linear relationship between In
knr andvs for 9 solvents, except for the data in THF, 1-butanol,
and ethanol (nos. 6, 9, and 11): slope-2.7 x 103 cm™1 (r
= 0.98). The deviation of the data in 1-butanol and ethanol
from the linear relationship will be explained by the specific
solute-solvent interactions as discussed before. The ldkger
values in the alcohols than those predicted from the relexant
value indicate that nonradiative decay framMB takes place
more efficiently in a protic solvent. Such effects of a protic
solvent on nonradiative decay have been also reported for the
MLCT excited states of Ru(bpy)"~ and related complexes, and
the results have been explained by contributions of the high-

Vo= (4)

2). Such large solvent dependences of the excited-state propertiefrequency G-H vibrations of the medium to excited-state

will be very characteristic td AB with the excited state being
localized on p(B) withg ~ 1.0. A close inspection of Table 2
indicates that thds value is in the range of (0:98.5) x 107

s71, while ky, varies from 0.5x 108 to 8.7 x 10° s~1 with f(X).
Thus, the major influence dfX) on the excited state ofAB

is that onk,.. The above discussions indicate that nonradiative
decay from the excited state OfFAB is associated with
intramolecular back-electron transfer from p(B)y#@An). This
situation is very similar to nonradiative decay from the MLCT
excited state of Ru(bpyd™ or Os(bpy}?*, in which nonradiative
decay is associated with back-electron transfer fromsthe
orbital of the ligand to the metalgorbital 36 So far, the solvent
effects on thek, of Ru(bpy)?" have been discussed in terms
of the energy gap law by Meyer and co-workers;klp was
shown to be correlated linearly with the energy gap between
the ground and excited states of the complEx.23

decay®’~39 SinceTAB is likely to interact with a protic solvent
through p(B), the present results would be also explained by
such solute-solvent interactions. Furthermore, the value in THF
also deviated, unexpectedly, from the linear relationship, and
nonradiative decay was impeded considerably, as expected from
the v; value. Because the electron is localized on p(B) in the
excited state oT AB, the lone-pair electrons of the oxygen atom
in THF might be repelled from p(B). Although there is no direct
evidence, such a situation might make nonradiative decay less
efficient as compared to that in other aprotic solvents with
similar f(X) values.

On the other hand, the linear relationship betweekyfand
vt in the 9 solvents indicates that the variation of the solvent
does not bring about large changes in the electronic structures,
deactivation mode, or both dfAB. Since the excited electron
of TAB is localized on p(B), the solvent orientation around the
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noting that the slope of the plot farAB (—2.7 x 103 cm™1) valuable comments on the energy gap analysis of the present
is much steeper than that for the solvent effects on Rugdpy) data. N.K. also acknowledges a grant-in-aid for Scientific
(—9.3 x 1074 cm™1).2% Since the deactivation mode of the Research from the Ministry of Education, Culture, Sports,
excited state, related t in eq 3, is totally different between  Science and Technology (MEXT) of the Japanese Government
the two systems, a direct comparison of the values is impossible.for the support of the research (Nos. 138530004 and 14050001).
In the case of Ru(bpyj*, however, it has been reported that

nonradiative decay is induced by the breathing vibrations of References and Notes

the 232-bipyridine ligandHw = 1300-1400 cn*) 2338390 (1) Yuan, Z.; Taylor, N. J.; Marder, T. B.; Williams, I. D.; Kurtz, S.
explain the large solvent dependence of thie,Jvalues ofTAB K.; Cheng, L.-T.J. Chem. Soc., Chem. Comma89Q 1489.
in Figure 6, eq 3 indicates that nonradiative decayTéB (2) Yuan, Z.; Taylor, N. J.; Sun, Y.; Marder, T. B.; Williams, I. D.;

; ~ ; ; Cheng, L.-T.J. Orgnomet. Chenl993 449, 27.
should involve very low-frequency vibrations. HowevéAB (3) Yuan, Z.: Taylor, N. J.. Ramachandran, R.; Marder, TABp.

showed no important low-frequency vibration as demonstrated organomet. Chem996 10, 305.

by the IR spectrum, and the frequency of the Raman active  (4) Yuan, Z.; Collings, J. C.; Taylor, N. J.; Marder, T. B.; Jardin, C.;

boron—carbon stretching vibration has been reported to be Halet, J. F.J. Solid State Chen200Q 154, 5. . .

1250-1280 cml,“‘? which is comparable to the breathing Bazg lgje(’:f_" AY,T‘;_ Vgﬁgﬁ;_ 2‘655‘56‘3;‘22”"Sfﬁzg_thommew’ G. P Bu, X,

vibration of 2,2-bipyridine. At the present stage of the (6) Lee, B. Y.; Bazan, G. CJ. Am. Chem. So@00Q 122, 8577.

investigation, therefore, we suppose thatwill not be the 51157) Matsumi, N.; Naka, K.; Chujo, YJ. Am. Chem. S0d.99§ 120,

primary reason for the Ia}rge slope value in Figure 6 (é) Matsumi, N.; Naka, K.; Chujo, YJ. Am. Chem. Sod.998 120,
Another factor determining the slope of the plotyig The 10776.

linear relationship between I, andv; indicates thaty, also (9) Noda, T.; Shirota, YJ. Am. Chem. Sod 998 120, 9714.

varies linearly withvy and that the variation gfo with vt should (10) Noda, T.; Ogawa, H.; Shirota, YAdv. Mater. 1999 11, 283.

be governed by As described in the preceding section, the 1231(13)33\(5"’.‘"16‘9“"*1" S.; Akiyama, S.; Tamao, K.Am. Chem. So200q

value varies withf(X) [(1.84—2.31) x 10* M~* cm™! except (12) Yamaguchi, S.; Shirasaka, T.; TamaoQ¢g. Lett.200Q 2, 4129.

for those in 1-butanol and ethanol], and the results would be lzéli)lej(?azmaguchi, S.; Akiyama, S.; Tamao, K.Am. Chem. So2001,

explained in terms of the variation of the extent of the HOMQ 14) Yarhaguchi‘ S.: Akiyama, S.: Tamao, X.Orgnomet. Chen2002

LUMO overlap, probably caused by that of the conformation gs55 3.

of TAB with a solvent. This will more or less induce the change  (15) Yamaguchi, S.; Shirasaka, T.; Akiyama, S.; Tamadl,.tam. Chem.

in Sbecauses is related to the extent of the distortion in the Soc 2002 124, 8816.

. . . A Py (16) Birks, J. B.Photophysics of Aromatic HydrocarbgnsViley-
excited state for those vibrations contributing to excited-state | & tionce™ "ndon, 1970.

decay383°A smaller electror-vibrational coupling strength for (17) Yamaguchi, S.; Akiyama, S.; Tamao, Rrganometallics1998
TAB as compared to that for Ru(bpyy would account for 17, 4347. _ ,

the larger slope in Figure 6. Clearly, more detailed studies, lzélg)YJSamaguchl, S.; Akiyama, S.; Tamao, K.Am. Chem. S0200Q
including resonance Raman spectroscopy and Fra@ckdon (19) For example, see: Yamamoto, M.; Kudo, T.; Ishikawa, M.; Tobita,
analysis of the fluorescence spectrumTdB, are absolutely S.; Shizuka, HJ. Phys. Chem. A999 103 3144.

necessary to explicitly explain the present results. Nonetheless, (20) Ramsey, B. GJ. Phys. Cheml966 70, 611.

- ot (21) Miller, D. S.; Leffler, J. EJ. Phys. Chem197Q 74, 2571.
the energy gap analysis of the data revealed the characteristics (22) Part Il of this series: Kitamura, N.; Sakuda, E.; Yoshizawa, T.:

of the solvent effects on the excited-state propertie$/AB . limori, T.; Ohta, N.J. Phys. Chem2005 109, 7435.
) (23) Casper, J. V.; Meyer, T. J. Am. Chem. S0d.983 105, 5583.
Conclusions (24) *H NMR (CDCls, 300 MHz): 6 8.55 (s, 3H), 8.05 (d, 6H), 7.97

. . d, 6H), 7.27 (m, 6H), 6.90 (m, 9H). Elemental analysigH;;B, calcd
The present study revealed the spectroscopic and exmted-gfoundg; c, 92(_99 (9%_83); H(, 5.02 25,23)_ v !

state properties oFAB in detail. The largd(X) dependence of (25) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
ioti Laboratory Chemicals2nd ed.; Pergamon Press: New York, 1980.

t::e fIlﬁoresc_enge lc;haraCte“?:\gO&’ (@, landlq)f)ddemonstra_lt_id (26) Murov, S. L.; Carmichael, I.; Hug, G. IHandbook of Photochem-

that the excited electron i was localized on p(B). The sy Marcel Dekker: New York, 1993.

results were supported by ttigX) dependence of the Stokes (27) Kim, H.-B.; Habuchi, S.; Kitamura, Minal. Chem1999 71, 842.

shift (Au =~ 8.0 D) as well as by Stark spectroscopy(= 7.8 . (2h8)_ Ofgan;CCﬁObentt 3r§i/ eld;” R\I,\C/i_flllcki f A, Bunge,\rl, W-YB-I,( El%%
H H FP : echniques o emistry, Vol. 1] liey-Interscience: ew York, .

D) reported in the nex; pa[_)ler in this isséeThe absorption (29) Suppan, P.; Ghoneim, I$obatochromismThe Royal Society of

band atva ~ 2.1 x 1072 cm™* was thus concluded to be the  chemistry: Cambridge1997

electronic transition from the orbital of the anthryl group to (30) Lippert, E.Z. Naturforsch.1955 103 541.

the vacant p orbital of the boron atom. This demonstrates that (%g) Mataga, N.; Kaifu, Y.; Koizumi, MBull. Chem. Soc. Jpri955

the nonradiative decay from the excited stat§ 4B involves '(32) Mataga, N.; Kubota, TMolecular Interactions and Electronic

intramolecular back-electron transfer from p(B) idAn). Spectra Marcel Dekker: New York197Q

Therefore, the vacant p orbital on the boron atoriAB plays (33) hBoth deri\t/r?tives ihOV\lled irr?/r?rSiblc? ret_dox we;ve?, srgop‘t;at thde data
: H F H ; were snown as € peak values. € reauction potental an

an essential role in determining the spectroscop'lc. and ,eXCItEd_An(meS)B have beenpalso reported by Yamaguchipe‘tlal.

state properties of the compound. Boron-containingonju- (34) Kawanishi, Y.; Kitamura, N.; Tazuke, $1org. Chem 1989 28,

gated systems other thafAB also exhibit quite interesting ~ 2969.

spectroscopic propertiés; 5 which are worth studying in more (35) Rillema, D. P.; Allen, G.; Meyer, T. J.; Conrad, Borg. Chem

detail. Further studies on the photophysical properties of several1983 22, 1617. : -
: =l - p phy p p_ - (36) Kalyanasundaram, KPhotochemistry of Polypyridine and Por-
boron-containingzr-conjugated systems are now in progress in  phyrin ComplexesAcademic Press: London, 1992.
our laboratory, which will reveal characteristics of the ground g;g \C/an HOUEerQ/, JS \/I\I/_atts, g- \Fl)- AKm.b CheEm.MSOt'\i/Ig?S 9? C?>hS43.

H aspar, J. V.; sullivan, b. P.; Kober, E. ., Meyer, em.
and excited states of the systems. Phys. Lett 1982 91, 91.
. (39) Chen, P.; Meyer, T. Lhem. Re. 1998 98, 1439.
Acknowledgment. The authors are indebted to Prof. N. (40) Raman Spectroscofin Japanese); Hamaguchi, H., Hirakawa, A.,

Ohta, Dr. T. limori, and Mr. T. Yoshizawa at the Research Eds.; Gakkai-Shuppan Center: Tokyo, 1988.



