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Tris[2-{3-(dimesitylboryl)phenyl}pyridinato]iridium(III)
([Ir(Bppy)3]) showed bright green-phosphorescence with the
emission lifetime and quantum yield of 1.0­1.4¯s and 1.0,
respectively, in nonpolar­polar solvents at 298K. Detailed
spectroscopic experiments and DFT calculations demonstrated
that the emissive state of the complex was the metal-to-boron
charge-transfer (MBCT) excited state, in which the vacant p-
orbital on the boron atom was occupied by the excited electron.

Cyclometalated iridium(III) complexes represented by
[Ir(ppy)3] (ppy: 2-phenylpyridine) are known to show bright
phosphorescence at room temperature and have been applied
to light-emitting materials in EL/OLED devices.1 For such
applications of the complexes, the study of synthetic tuning of
emission-efficiency and -color is a very active research area, and
work along the line mentioned above has been devoted to
control the HOMO/LUMO energies of the complexes through
introduction of electron-withdrawing substituent(s) on the ligand
and/or that of heteroaromatic ring(s) other than pyridine ring.2

As an another approach for modulation of the spectroscopic and
photophysical properties of transition-metal complexes, we
reported in 2006 that the intramolecular charge-transfer (CT)
interaction between the ³-orbital of the aryl group (³(aryl)) and
the vacant p-orbital on the boron atom (p(B)) in the triarylborane
group (³(aryl)­p(B) CT)3 introduced to a ligand could modulate
the MLCT state of the complex.4 In practice, we demonstrated
that introduction of a (dimesitylboryl)phenyl group on the 4¤-
position of the 2,2¤:6¤,2¤¤-terpyridine ligand (Btpy) in a Pt(II)
complex ([Pt(Btpy)Cl]+) could increase the molar absorption
coefficient of the MLCT band and emission quantum yield
(Φem)/lifetime (¸em) of the complex, compared to an analogous
complex without the triarylborane group.4 After our report on
[Pt(Btpy)Cl]+, several research groups reported transition-metal
complexes with arylborane CT units,5,6 and some of them have
been reported to be highly luminescent in solution at room
temperature.6 Nonetheless, most of the work hitherto reported is
application of the complexes to fluoride emission sensors, and
detailed spectroscopic/photophysical study of transition-metal
complexes bearing arylborane CT unit(s) is still limited. In this
communication, we report a novel cyclometalated iridium(III)
complex of the facial-isomer of tris[2-{3-(dimesitylboryl)phen-
yl}pyridinato]iridium(III) ([Ir(Bppy)3], see Chart 1 for the
structure) shows bright green-phosphorescence with Φem and
¸em of 1.0 and 1.2¯s, respectively, in tetrahydrofuran (THF) at
room temperature.

Figure 1 shows the absorption and emission spectra of
[Ir(Bppy)3] in several solvents together with those of [Ir(ppy)3]
as a reference, and Table 1 summarizes the spectroscopic and

photophysical data of the complexes. [Ir(Bppy)3] in THF
exhibited absorption bands at around 290 and 380 nm similar to
[Ir(ppy)3]. Owing to the close similarities of the absorption

Chart 1. Structure of [Ir(Bppy)3].

Figure 1. Absorption (broken curves) and emission spectra
(solid curves) of [Ir(Bppy)3] (a) and [Ir(ppy)3] (b) in CH3CN
(black), CH2Cl2 (green), THF (blue), ethyl acetate (orange), and
toluene (pink) at 298K. The grey broken curve in (a) shows the
absorption spectrum of BppyH in THF.
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spectral band shapes between the two complexes, the shorter-
and longer-wavelength bands observed for [Ir(Bppy)3] could be
assigned to the ³³* and MLCT transitions, respectively. It is
worth emphasizing that the molar absorption coefficient (¾) of
the MLCT band of [Ir(Bppy)3] in THF (log ¾ = 4.76 at 379 nm)
is almost four times larger than that of [Ir(ppy)3] (log ¾ = 4.15
at 378 nm). Since free ligand, BppyH, itself is transparent above
350 nm as the spectrum is included in Figure 1, it is evident that
the large absorption intensity of the MLCT band in [Ir(Bppy)3]
is due essentially to the presence of the dimesitylboryl group
and thus to the synergistic MLCT/³(aryl: dimesitylphenyl)­
p(B) CT interactions. The participation of p(B) in the lowest-
energy absorption transition in [Ir(Bppy)3] is supported by DFT
calculations as shown in Figure 2. The HOMO of [Ir(Bppy)3] is
localized on the iridium atom and the phenyl rings in the ppy
groups similar to that of [Ir(ppy)3], while the LUMO of the
complex is best characterized by the electron densities on the
boron atoms. Thus, the lowest-energy absorption transition in
[Ir(Bppy)3] is assigned to metal-to-boron charge transfer
(MBCT). MBCT through the phenyl rings in the ppy groups
results in the increase in the transition dipole moment and thus
the oscillator strength of the CT transition. This is also
confirmed experimentally through the effects of fluoride ion
on the absorption spectrum of [Ir(Bppy)3] in Figure 3. It is
known that an F¹ ion is likely to coordinate almost specifically
with p(B) and this diminishes the effects of p(B) on the redox,
spectroscopic, and photophysical properties of both arylboranes
and transition-metal complexes bearing arylborane unit(s).8 As
seen in Figure 3, in practice, the absorption intensity in 350­

400 nm decreases dramatically in the presence of an excess
amount of F¹ (tetra-n-butylammonium fluoride: TBAF), proving
the contribution of p(B) to the lowest-energy absorption
transition in [Ir(Bppy)3]: MBCT.

[Ir(Bppy)3] in THF exhibited the emission spectrum at
around 490 nm and the maximum wavelenghth (­em) was shifted
to shorter wavelength (­em = 491 nm and ¯em = 20.4 © 103

cm¹1) compared to that of [Ir(ppy)3] (­em = 514 nm, ¯em =
19.5 © 103 cm¹1). A similar trend to that in THF was also
observed in other solvents, while the ­em values of the
complexes shifted to longer wavelength with an increase in
solvent polarity: see Table 1. Nonetheless, the solvent-polarity-
induced shift of ­em (¯em) on going from toluene (dielectric
constant (Ds) = 2.379) to CH3CN (Ds = 37.5) was much smaller
for [Ir(Bppy)3] (¦¯em = 170 cm¹1) compared to that for
[Ir(ppy)3] (¦¯em = 380 cm¹1). Since the excited electron local-
izes on p(B) surrounded by the bulky dimesityl groups in
[Ir(Bppy)3], solvent-induced stabilization of the CT excited
state plays a minor role in determining ­em compared with the
excited state of [Ir(ppy)3]. The smaller full-width at half

Table 1. Spectroscopic and photophysical properties of [Ir(Bppy)3] and [Ir(ppy)3] in several solvents at 77 and 298K, and the
dielectric constants of the solvents

Compound Solvent Ds
a ­abs/nm (log ¾)

­em/nm
(­em at 77K)

fwhm/cm¹1 Φem ¸em/¯s kr/105 s¹1 knr/105 s¹1

[Ir(Bppy)3] CH3CN 37.5 283 (n.d.), 377 (n.d.)b 494 2550 1.0 1.4 7.1 >0.04
CH2Cl2 8.93 290 (4.85), 377 (4.86), 472 (3.38) 493 2360 0.97 1.2 8.1 0.25
THF 7.58 290 (4.76), 379 (4.76), 473 (3.24) 491 2280 1.0 1.2 8.3 >0.04
Ethyl acetate 6.02 289 (n.d.), 378 (n.d.)b 490 2240 1.0 1.2 8.3 >0.04
Toluene 2.379 294 (4.84), 380 (4.87), 474 (3.36) 490 (479) 2040 1.0 1.0 10 >0.05

[Ir(ppy)3] CH3CN 37.5 280 (n.d.), 378 (n.d.), 489 (n.d.)b 521 2920 0.92 1.9 4.8 0.42
CH2Cl2 8.93 283 (4.63), 378 (4.04), 483 (3.09) 516 2750 0.90 1.6 5.6 0.63
THF 7.58 283 (4.67), 378 (4.15), 486 (3.13) 514 2630 0.91 1.6 5.7 0.56
Ethyl acetate 6.02 283 (4.57), 378 (4.00), 484 (3.08) 513 2630 0.97 1.7 5.7 0.18
Toluene 2.379 289 (4.61), 378 (4.11), 488 (3.16) 511 (498) 2430 0.90 1.4 6.4 0.71

aThe data complied from ref. 7. bWe could not determine the ¾ values owing to the low solubilities of the compounds.

Figure 2. HOMO and LUMO representations of [Ir(Bppy)3]
obtained by the DFT calculations.

Figure 3. Absorption (broken curves) and emission spectra
(solid curves) of [Ir(Bppy)3] in the absence (green) and presence
of an excess amount of TBAF (yellow) in THF. Inset: Emission
colors of [Ir(Bppy)3] in the absence (left) and presence of TBAF
(right) in THF.
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maximum (fwhm) value of the emission band of [Ir(Bppy)3]
relative to that of [Ir(ppy)3] in a given solvent (Table 1) may
also indicate the weak interaction of the MBCT excited state of
the complex with solvent molecules. As can be seen in Figure 3,
furthermore, the emission from [Ir(Bppy)3] is quenched by F¹.
The effects of added F¹on the absorption and emission spectra
of the complex demonstrate explicitly that the emissive state of
[Ir(Bppy)3] is the MBCT excited state.

The MBCT excited state of [Ir(Bppy)3] exhibited very
bright emission with the absolute Φem value determined by an
integration sphere9 being almost unity except for the value in
CH2Cl2. In a given solvent, Φem of [Ir(ppy)3] determined
under analogous conditions was always smaller than that of
[Ir(Bppy)3], and thus [Ir(Bppy)3] is a brighter emitter than
[Ir(ppy)3]. The large Φem value of [Ir(Bppy)3] accompanies the
short emission lifetime (¸em = 1.2¯s in THF) compared with
that of [Ir(ppy)3] (¸em = 1.6¯s), leading to the larger radiative
rate constant (kr) of [Ir(Bppy)3] (8.3 © 105 s¹1) relative to that of
[Ir(ppy)3] (5.7 © 105 s¹1). This could be explained by intensity
borrowing through mixing the emitting MBCT state with the
spin-allowed excited singlet state(s) showing the large oscillator
strength (i.e., ¾ value). Similar enhancement of the kr value
through that of the absorption strength has been also confirmed
for [Pt(Btpy)Cl]+ as mentioned before.4 Therefore, a peripheral
arylborane group on the ligand can enhance the transition dipole
moment of a transition-metal complex through synergistic
MLCT and ³(aryl)­p(B) CT interactions and this gives rise to
the increase in the emission probability of the complex.

In conclusion, introduction of arylborane CT unit(s) to a
ligand in a transition-metal complex can enhance both the
absorption and emission efficiencies of the complex through
metal-to-boron charge-transfer (MBCT) interactions. In addition
to [Ir(Bppy)3] and [Pt(Btpy)Cl]+,4 we recently found that a
Ru(phen)32+ (phen: 1,10-phenanthroline) complex bearing an
arylborane CT unit on one of the three phen ligands also showed
intense emission in solution at 298K with Φem and ¸em of 0.11
and 12¯s, respectively.10 Therefore, we expect that an arylbor-
ane CT unit introduced to the periphery of the ligand can tune
the spectroscopic and photophysical properties of various
transition-metal complexes. In particular, bright emission from
a transition-metal complex will be realized by employing an
arylborane CT-type ligand(s).

AI and ES acknowledge Global COE program of Hokkaido
University (Catalysis as the Basis for Materials Innovation) for
a research fellowship and a postdoctoral fellowship (2009),
respectively. ES also thanks F3 Project of MEXT, Japan (2010).

References and Notes
1 a) J. I. Kim, I.-S. Shin, H. Kim, J.-K. Lee, J. Am. Chem. Soc.

2005, 127, 1614. b) Y. You, C.-G. An, D.-S. Lee, J.-J. Kim,
S. Y. Park, J. Mater. Chem. 2006, 16, 4706. c) G. Zhou,
C.-L. Ho, W.-Y. Wong, Q. Wang, D. Ma, L. Wang, Z. Lin,
T. B. Marder, A. Beeby, Adv. Funct. Mater. 2008, 18, 499. d)
Highly Efficient OLEDs with Phosphorescent Materials, ed.
by H. Yersin, Wiley-VCH, Weinheim, 2008. e) L. He, J.

Qiao, L. Duan, G. Dong, D. Zhang, L. Wang, Y. Qiu, Adv.
Funct. Mater. 2009, 19, 2950. f) J. J. Kim, Y. You, Y.-S.
Park, J.-J. Kim, S. Y. Park, J. Mater. Chem. 2009, 19, 8347.
g) J. He, H. Liu, S. Xu, P. Wang, X. Zhang, Synth. Met.
2009, 159, 689. h) J. H. Seo, Y. K. Kim, Y. Ha, Thin Solid
Films 2009, 517, 1807.

2 a) X. Liu, J. Feng, A. Ren, L. Yang, B. Yang, Y. Ma, Opt.
Mater. 2006, 29, 231. b) S. Obara, M. Itabashi, F. Okuda, S.
Tamaki, Y. Tanabe, Y. Ishii, K. Nozaki, M. Haga, Inorg.
Chem. 2006, 45, 8907. c) X. Zhang, J. Gao, C. Yang, L. Zhu,
Z. Li, K. Zhang, J. Qin, H. You, D. Ma, J. Org. Chem. 2006,
691, 4312. d) L. Yang, F. Okuda, K. Kobayashi, K. Nozaki,
Y. Tanabe, Y. Ishii, M. Haga, Inorg. Chem. 2008, 47, 7154.
e) S. Stagni, S. Colella, A. Palazzi, G. Valenti, S. Zacchini,
F. Paolucci, M. Marcaccio, R. Q. Albuquerque, L. De Cola,
Inorg. Chem. 2008, 47, 10509. f) L. Zhang, B. Li, L. Shi, W.
Li, Opt. Mater. 2009, 31, 905. g) S. J. Lee, K. M. Park, K.
Yang, Y. Kang, Inorg. Chem. 2009, 48, 1030.

3 a) N. Kitamura, E. Sakuda, J. Phys. Chem. A 2005, 109,
7429. b) N. Kitamura, E. Sakuda, T. Yoshizawa, T. Iimori, N.
Ohta, J. Phys. Chem. A 2005, 109, 7435. c) N. Kitamura, E.
Sakuda, Y. Ando, Chem. Lett. 2009, 38, 938. d) E. Sakuda,
Y. Ando, A. Ito, N. Kitamura, J. Phys. Chem. A 2010, 114,
9144.

4 E. Sakuda, A. Funahashi, N. Kitamura, Inorg. Chem. 2006,
45, 10670.

5 a) Y.-L. Rao, S. Wang, Inorg. Chem. 2009, 48, 7698. b) C. R.
Wade, F. P. Gabbaï, Inorg. Chem. 2010, 49, 714. c) Y. Sun,
S. Wang, Inorg. Chem. 2010, 49, 4394.

6 a) S.-B. Zhao, T. McCormick, S. Wang, Inorg. Chem. 2007,
46, 10965. b) Y. Sun, N. Ross, S.-B. Zhao, K. Huszarik,
W.-L. Jia, R.-Y. Wang, D. Macartney, S. Wang, J. Am. Chem.
Soc. 2007, 129, 7510. c) Y. You, S. Y. Park, Adv. Mater.
2008, 20, 3820. d) Q. Zhao, F. Li, S. Liu, M. Yu, Z. Liu, T.
Yi, C. Hung, Inorg. Chem. 2008, 47, 9256. e) S.-T. Lam, N.
Zhu, V. W.-W. Yam, Inorg. Chem. 2009, 48, 9664. f) Y. Sun,
S. Wang, Inorg. Chem. 2009, 48, 3755.

7 Organic Solvents in Techniques of Chemistry, 3rd ed., ed. by
J. A. Riddick, W. B. Bunger, Wiley-Interscience, New York,
1970, Vol. II.

8 For F¹ sensors, see review articles: a) T. W. Hudnall, C.-W.
Chiu, F. P. Gabbaï, Acc. Chem. Res. 2009, 42, 388. b) Z. M.
Hudson, S. Wang, Acc. Chem. Res. 2009, 42, 1584. c) C. R.
Wade, A. E. J. Broomsgrove, S. Aldridge, F. P. Gabbaï,
Chem. Rev. 2010, 110, 3958. d) F. Jäkle, Chem. Rev. 2010,
110, 3985.

9 a) K. Suzuki, A. Kobayashi, S. Kaneko, K. Takehira, T.
Yoshihara, H. Ishida, Y. Shiina, S. Oishi, S. Tobita, Phys.
Chem. Chem. Phys. 2009, 11, 9850. b) H. Ishida, S. Tobita,
Y. Hasegawa, R. Katoh, K. Nozaki, Coord. Chem. Rev. 2010,
254, 2449.

10 E. Sakuda, Y. Ando, A. Ito, N. Kitamura, submitted.
11 Supporting Information is available electronically on the

CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html.

36

© 2011 The Chemical Society of JapanChem. Lett. 2011, 40, 34­36 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1021/ja043721x
http://dx.doi.org/10.1021/ja043721x
http://dx.doi.org/10.1039/b611288a
http://dx.doi.org/10.1002/adfm.200700719
http://dx.doi.org/10.1002/adfm.200900723
http://dx.doi.org/10.1002/adfm.200900723
http://dx.doi.org/10.1039/b913122a
http://dx.doi.org/10.1016/j.synthmet.2008.12.022
http://dx.doi.org/10.1016/j.synthmet.2008.12.022
http://dx.doi.org/10.1016/j.tsf.2008.09.075
http://dx.doi.org/10.1016/j.tsf.2008.09.075
http://dx.doi.org/10.1016/j.optmat.2005.08.032
http://dx.doi.org/10.1016/j.optmat.2005.08.032
http://dx.doi.org/10.1021/ic060796o
http://dx.doi.org/10.1021/ic060796o
http://dx.doi.org/10.1016/j.jorganchem.2006.07.008
http://dx.doi.org/10.1016/j.jorganchem.2006.07.008
http://dx.doi.org/10.1021/ic800196s
http://dx.doi.org/10.1021/ic801157k
http://dx.doi.org/10.1016/j.optmat.2008.10.037
http://dx.doi.org/10.1021/ic801643p
http://dx.doi.org/10.1021/jp0507039
http://dx.doi.org/10.1021/jp0507039
http://dx.doi.org/10.1021/jp050702g
http://dx.doi.org/10.1246/cl.2009.938
http://dx.doi.org/10.1021/jp1057463
http://dx.doi.org/10.1021/jp1057463
http://dx.doi.org/10.1021/ic061435b
http://dx.doi.org/10.1021/ic061435b
http://dx.doi.org/10.1021/ic9007069
http://dx.doi.org/10.1021/ic9020349
http://dx.doi.org/10.1021/ic1004159
http://dx.doi.org/10.1021/ic7021215
http://dx.doi.org/10.1021/ic7021215
http://dx.doi.org/10.1021/ja0725652
http://dx.doi.org/10.1021/ja0725652
http://dx.doi.org/10.1002/adma.200702667
http://dx.doi.org/10.1002/adma.200702667
http://dx.doi.org/10.1021/ic800500c
http://dx.doi.org/10.1021/ic900803a
http://dx.doi.org/10.1021/ic9000335
http://dx.doi.org/10.1021/ar8001816
http://dx.doi.org/10.1021/ar900072u
http://dx.doi.org/10.1021/cr900401a
http://dx.doi.org/10.1021/cr100026f
http://dx.doi.org/10.1021/cr100026f
http://dx.doi.org/10.1039/b912178a
http://dx.doi.org/10.1039/b912178a
http://dx.doi.org/10.1016/j.ccr.2010.04.006
http://dx.doi.org/10.1016/j.ccr.2010.04.006
http://www.csj.jp/journals/chem-lett/

