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Phosphorescence properties of boron
β-diketiminate complexes modulated by
spiro structures

Keisuke Suwa,a Shunichiro Ito a,b and Kazuo Tanaka *a,b

Comprehension of the photochemical properties of triplet excited states in organic compounds is of sig-

nificance for developing advanced organic light-emitting devices, organic photocatalysts, and lumines-

cent probes. However, triplet excited states of typical organic chromophores without heavy atoms are

hard to generate because intersystem crossing from singlet to triplet excited states is spin-forbidden.

Recently, we demonstrated that efficient crystallization-induced room-temperature phosphorescence is

observed in β-diketiminate complexes of group 13 elements bearing heavy halogen substituents on the

central atom. In this research, to obtain phosphorescence from β-diketiminate complexes without the

use of heavy atoms, twisted donor–acceptor systems were constructed on a central atom through a spiro

structure. The resulting biphenylene-based β-diketiminate boron complexes exhibited phosphorescence

even at room temperature. On the other hand, diolate-based spiro complexes exhibited only inefficient

room-temperature emission. Theoretical calculations suggested that interligand charge-transfer states

provided by the spiro structure should facilitate efficient intersystem crossing. In addition, the moderately

electron-donating properties of the biphenylene units should be responsible for the room-temperature

phosphorescence.

Introduction

Organic compounds that emit via triplet excited states, such as
phosphorescence and thermally activated delayed fluo-
rescence, have been extensively developed to achieve efficient
organic light-emitting diodes1,2 and luminescent probes.3

Additionally, triplet excited states of organic compounds have
been thoroughly studied to realize efficient photoredox cata-
lysts and energy conversion/harvesting materials.4,5 Therefore,
tremendous efforts have been devoted to developing novel
scaffolds with unique electronic properties regarding triplet
excited states.6–11 In this context, a common issue with typical
organic molecules is their difficulty in generating triplet
excited states, because the transitions from singlet to triplet
excited states, i.e., intersystem crossing (ISC), are spin-forbid-
den. This phenomenon arises from the selection rule that a
transition involving a change in total angular momentum (ΔJ
= ΔL + ΔS, where ΔL and ΔS are the changes in the orbital and
spin angular momenta, respectively) is forbidden. Introducing
heavy metals such as platinum and iridium into molecular

structures accelerates ISC and leads to efficient phosphor-
escence, a phenomenon known as the heavy-atom effect.
However, methods to achieve rapid ISC and emissions via
triplet states without relying on heavy metals remain highly
desirable to address the high cost and potential toxicity of
heavy metals.

Another way to obtain fast ISC is based on the El-Sayed
rule, originally developed for carbonyl compounds.12,13

Carbonyl compounds like acetophenone often show dramati-
cally fast ISC (ISC rate constant, kISC ∼ 1010 s−1) because the
dominant ISC process, consisting of the S(nπ*)–T(ππ*) tran-
sition, involves non-zero ΔL. In this transition, the spin–flip
occurs along with a non-zero ΔL, resulting in ΔJ = 0, induced
by spin–orbit coupling (SOC). Consequently, this S–T tran-
sition is no longer forbidden. Although this mechanism does
not involve heavy atoms, it has not been utilized for construct-
ing luminescent materials because carbonyl compounds
hardly emit due to the nπ* character of their lowest excited
states (S1 and T1).

Twisted donor–acceptor structures, in which the donor and
acceptor units are directly bonded but the π-conjugation
system is twisted, can often exhibit fast ISC and efficient phos-
phorescence without heavy atoms.14–16 The twisted confor-
mation provides non-zero ΔL during ISC from a charge trans-
fer (CT) state to a locally excited (LE) state, and vice versa.
Indeed, we recently demonstrated that β-diketiminate (DKI)
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complexes of group 13 elements exhibit dual emission bands
consisting of fluorescence and phosphorescence at 77 K in
solution.17–25 Therefore, it is presumable that the DKI com-
plexes involving twisted structures might be a potential plat-
form for expressing unique optical properties concerning
triplet excited states in the absence of heavy atoms.

Herein, we report the synthesis and electronic properties of
boron DKI complexes with a spiro structure. Boron-based
donor–spiro–acceptor type systems have recently been devel-
oped as functional dyes with thermally activated delayed fluo-
rescence and/or singlet-oxygen photosensitizing ability.26–31

Therefore, we designed a new molecular system in which the
tetracoordinate boron atom is fixed in a vertical conformation
between the BN2C3 ring of DKI ligands and the biphenylene
and diolate substituents, serving as an electron donor. We
found that photoluminescence properties depend strongly on
the type of donor. Additionally, it is clearly shown that the
biphenylene complexes exhibit room-temperature phosphor-
escence (RTP) in their crystalline states.

Results and discussion
Synthesis and characterization

The chemical structures and synthesis of the spiro boron com-
plexes with DKI ligands are shown in Scheme 1. For the biphe-
nylene compounds, phenyl and mesityl groups were employed
as the aryl units in the DKI ligands, because the different sub-

stituents should differ in intermolecular interactions and lead
to a change in solid-state luminescence properties. The
bromine atoms in Ph_FLBr were introduced to alter inter-
molecular interactions and employ the heavy-atom effect,
which usually accelerates ISC processes. For the diolate com-
pounds, catechol and 2,3-naphthalenediol were used as
donors with different orbital energies.

The DKI ligands were synthesized by the reaction of
N-phenylimine and imidoyl chloride with their respective sub-
stituents. Biphenylene complexes, Mes_FL, Ph_FL, and
Ph_FLBr, were prepared through the reaction of the ligands
with n-butyllithium and subsequently the corresponding
9-halo-9-borafluorene derivatives. Diolate complexes, Mes_cat
and Mes_naph, were prepared by the treatment of Mes_L with
boron tribromide in dichloromethane, followed by reaction
with the respective diolates in toluene. All compounds were
fully characterized using 1H and 13C{1H} NMR spectroscopy
and high-resolution mass spectrometry. Additionally, the
boron complexes were characterized by 11B{1H} NMR spec-
troscopy and single-crystal X-ray structure analysis. The
detailed procedures and characterization data are provided in
the SI.

The crystal structures of the synthesized compounds are
shown in Fig. 1 and S1. The crystals of Mes_FL and Ph_FLBr
contain crystal solvents of hexane (complex : solvent = 1 : 0.5)
and chloroform (complex : solvent = 1 : 1), respectively.
Importantly, there was no apparent π–π stacking in all crystals,
probably because of the sterically encumbered ligands and the

Scheme 1 Synthetic scheme of biphenylene, diolate, and diphenyl boron complexes.
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spiro structures. Therefore, the electronic structures of the
single molecules might not be strongly modulated by inter-
molecular interactions.

Photophysical properties of biphenylene complexes

The biphenylene complexes exhibited clear crystallization-
induced emission at room temperature. The crystalline
samples exhibited greenish-yellow emission under UV
irradiation (365 nm) at room temperature, while their dilute
solutions (2-methyltetrahydrofuran (2MeTHF), 1 × 10−5 M)
showed almost no emission at the same temperature. In the
absorption spectra of all compounds, the large absorption
bands were shown in the visible region (Fig. 2 and Table 1;
431–443 nm). In 2MeTHF at room temperature, emission was
hardly observed. In stark contrast to the solutions, the crystal-
line samples showed significantly stronger emission in the
524–556 nm wavelength range (Fig. 2). Moreover, the absolute
PL quantum yields (ΦPL) of these crystals were dramatically
higher (up to 0.38 for Ph_FLBr) than those of the solutions
(<0.01). PL lifetime measurements of the crystals revealed that

these emission bands have nanosecond lifetimes and are
therefore primarily fluorescence (Table S1).

Interestingly, in PL spectra recorded with a 0.1 ms delay
after photoexcitation, a longer-wavelength delayed emission
was observed from their crystals (Fig. 2). The PL lifetime of the
delayed component of Mes_FL was estimated to be approxi-
mately 2 ms (Table S2), suggesting the RTP properties. The
phosphorescence quantum yield of Ph_FLBr, estimated from
the integration ratio, was comparable with that of the others
(Table 1). Consequently, the fluorescence quantum yield of
Ph_FLBr was much higher than that of the others. As this fluo-
rescence enhancement seems contrary to the usual heavy-atom
effect, it was suggested that the bromine atoms at the bipheny-
lene unit might not significantly accelerate the ISC process.

According to the previous studies, the phosphorescence
from DKI complexes of group 13 elements was observed only
at low temperatures,17,18,20,21,23,24 except for dibromo- and diio-
doaluminum complexes.25 In these previous cases, it was
suggested that the fast ISC could proceed from the S1 state
with a locally excited (LE) character to the Tn state with an

Fig. 1 Packing structures of (a) Mes_FL, (b) Ph_FL, (c) Ph_FLBr, (d) Mes_cat, and (e) Mes_naph. In (a), hexane molecules in the crystal of Mes_FL are
shown in brown. In (c), solvent sites occupied by chloroform are depicted as yellow surfaces, which are calculated as a contact surface on Mercury
2023.3.1 (probe radius = 1.2 Å; approximate grid spacing = 0.3 Å).
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intraligand CT character within the DKI ligands.24,25 On the
other hand, the phosphorescence of the biphenylene com-
plexes in this work was observed even at room temperature,
implying contributions from other mechanisms.

To evaluate the electronic structures at the single molecule
level without significant molecular motion, we measured PL
spectra in 2MeTHF solutions at 77 K (Fig. 2). Mes_FL, Ph_FL,
and Ph_FLBr showed remarkably intense fluorescence at
516–537 nm and a phosphorescence component at
598–623 nm. The quantum yields of phosphorescence were

still lower (0.02–0.03) than those of fluorescence (0.35–0.72;
Table 2). These fluorescence-rich emissions, even at 77 K, also
contrast with those of the previously reported group 13 DKI
complexes, which typically exhibit a clearly bimodal dual emis-
sion of fluorescence and phosphorescence under the same
conditions.17,18,20,21,23,24

Photophysical properties of diolate complexes

In contrast to the biphenylene complexes, the emission from
diolate complexes was below the detection limit at room temp-

Fig. 2 (a, d and g) UV–vis absorption spectra in 2MeTHF at room temperature, (b, e and h) PL spectra in crystalline states at room temperature, and
(c, f and i) PL spectra in 2MeTHF (1 × 10−5 M) at 77 K for (a–c) Mes_FL, (d–f ) Ph_FL, and (g–i) Ph_FLBr. Delayed PL spectra were recorded 0.1 ms
after pulse photoexcitation. Prompt PL spectra were calculated by subtraction of a delayed spectrum from a steady-state spectrum. Inset in (h):
enlarged spectrum of the delayed component.

Table 1 Optical properties of biphenylene complexes at room temperature

Solutiona
Crystalb

λabs
c/nm λSSem

d,e/nm λDelayedem
d, f/nm ΦTotal

PL
d,g ΦPrompt

PL
h ΦDelayed

PL
h

Mes_FL 431 524 587 0.02 0.02 <0.01
Ph_FL 443 556 627 0.10 0.09 0.01
Ph_FLBr 438 550 607 0.38 0.37 0.01

a 2MeTHF solution (1 × 10−5 M). b Recrystallized from CHCl3 or CH2Cl2–hexane.
cWavelength at the absorption maximum in the visible region.

d Excited at λabs.
eWavelength at the steady-state PL maximum. fWavelength at the delayed PL maximum detected with a 0.1 ms delay after exci-

tation. g Absolute PL quantum yield. h Relative quantum yields for prompt (ΦPrompt
PL ) and delayed (ΦDelayed

PL ) components estimated from the inte-
gration ratio (ΦTotal

PL = ΦPrompt
PL + ΦDelayed

PL ).

Paper Dalton Transactions

Dalton Trans. This journal is © The Royal Society of Chemistry 2026

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

1 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 4
/1

/2
02

6 
1:

58
:0

8 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6dt00417b


erature in both solution and crystalline states. On the other
hand, the complexes showed green emission at 77 K in solu-
tion. Their photophysical properties were investigated with
UV–vis absorption and PL spectra at 77 K (Fig. 3 and Table 3).
In both compounds, intense absorption bands were observed
in the UV region, with a peak around 360 nm in EPA (EtOH/

isopentane/Et2O = 2/5/5 (v/v/v)). In 77 K solutions, signifi-
cantly, Mes_cat showed a weak bimodal emission peaking at
414 and 494 nm, whereas Mes_naph exhibited an intense
unimodal emission at 494 nm with a vibrational structure.
Lifetime measurements revealed that each emission band at
494 nm of both compounds should be attributed to phosphor-
escence because of their millisecond lifetimes (117 ms for
Mes_cat; 140 ms for Mes_naph). Meanwhile, the emission
band of Mes_cat around 414 nm was attributable to fluo-
rescence, as evidenced by its short lifetime, which was not
determined due to the low intensity. Such long-lifetime phos-
phorescence at 77 K is consistent with the previous results on
DKI complexes of group 13 elements.18 It should be noted that
the phosphorescence quantum yield of Mes_naph (0.05) was
higher than that of Mes_cat (<0.01) but lower than that of
representative DKI complexes (up to approximately
0.95).21,24,25,32 These results indicate that the diolate substitu-
ents affect the electronic properties of DKI complexes in a
different manner than biphenylenes.

Table 2 Optical properties of fused complexes in solution at 77 K a

λSSem
b,c/nm λDelayedem

b,d/nm ΦTotal
PL

b,e ΦPrompt
PL

f ΦDelayed
PL

f

Mes_FL 516 598 0.37 0.35 0.02
Ph_FL 537 623 0.44 0.41 0.03
Ph_FLBr 523 613 0.75 0.72 0.03

a In 2MeTHF (1 × 10−5 M). b Excited at λabs.
cWavelength at the steady-

state PL maximum. dWavelength at the delayed PL maximum detected
with a 0.1 ms delay after excitation. e Absolute PL quantum yield.
f Relative quantum yields for prompt (ΦPrompt

PL ) and delayed (ΦDelayed
PL )

components estimated from the integration ratio (ΦTotal
PL = ΦPrompt

PL +
ΦDelayed

PL ).

Fig. 3 (a and c) UV–vis absorption spectra at room temperature and (b and d) PL spectra at 77 K for (a and b) Mes_cat and (c and d) Mes_naph in
EPA (1 × 10−5 M). Delayed PL spectra were recorded 0.1 ms after pulse photoexcitation.

Table 3 Optical properties of diolate complexes in solutiona

λabs
b/nm λem, FL

c/nm λem, Phos
c/nm ΦPL, all

c,d ΦPL, FL
c,e ΦPL, Phos

c,e

Mes_cat 361 414 494 <0.01 <0.01 <0.01
Mes_naph 360 —d 494 0.05 —d 0.05

a In EPA (1 × 10−5 M). bMeasured at room temperature. cMeasured at 77 K. d Absolute PL quantum yield measured by the integrating sphere
method. Excited at λabs.

e Estimated by calculating the integration ratios of fluorescence and phosphorescence bands in the steady-state
spectrum.
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Kinetics of photophysical processes

To obtain further information on the photophysical properties
of the biphenylene complexes, rate constants for each photo-
physical process were estimated from PL quantum yields and
lifetimes (Table S3). In the crystalline state, the fluorescence
rate constant (kFL) of Ph_FLBr (1.2 × 108 s−1) was much larger
than that of the other complexes (5.7 × 107 s−1 for Mes_FL; 8.8
× 107 s−1 for Ph_FL). Meanwhile, the rate constant of the non-
radiative decay from the singlet excited state (kSnr), which
involves internal conversion and ISC processes, varied in the
order of Mes_FL (3.6 × 108 s−1) > Ph_FL (5.8 × 107 s−1) >
Ph_FLBr (9.3 × 106 s−1). Typical DKI complexes undergo
drastic structural changes in the excited state, forming folded
structures with a twisted C–N bond in the EN2C3 ring (E =
group 13 element). In these structures, kFL and kSnr are small
and large, respectively, because they should be near or form a
conical intersection.25 Therefore, such an electronic state with
a folded structure can be stated as a dark state.

It is assumed that Mes_FL is most prone to accessing the
dark state, even in the crystalline powder sample. Indeed, the
SCXRD analysis revealed that the Mes_FL crystal grown from a
hexane solution contains solvent sites occupied by hexane
molecules (Fig. 1a; Mes_FL : hexane = 1 : 0.5). In addition, the
powder X-ray diffraction pattern for the crystalline powder
used for the photophysical measurements well matched the
profile predicted from the SCXRD results (Fig. S2). On the
other hand, the 1H NMR spectrum for the same crystalline
powder showed only a small amount of hexane (Chart S11).
These observations suggest that the crystalline powder should
contain voids in the packing and that the Mes_FL molecules
have the highest movability in the crystalline states among the
biphenylene complexes. In contrast, although the single
crystal structure of Ph_FLBr also contains solvent molecules,
NMR and powder X-ray diffraction measurements suggest that
the crystalline sample for optical measurements possessed a
different crystal structure without any solvent molecules.
Consequently, access to the dark state in Ph_FLBr might be
restricted. Therefore, the smallest kSnr value should be obtained
from Ph_FLBr. Unfortunately, the PL lifetimes of the diolate
complexes have not been determined because of their low PL
intensity.

Theoretical calculations

To evaluate the electronic structures of the biphenylene com-
plexes, density functional theory (DFT) and time-dependent
DFT (TD-DFT) calculations with the Tamm–Dancoff approxi-
mation (TDA) were performed. Geometry optimization and
single-point energy calculations were carried out at the
CAM-B3LYP/6-31+G(d,p) and the unrestricted CAM-B3LYP/6-
311++G(d,p) levels of theory, respectively. In addition, natural
transition orbital (NTO) calculations were performed to evalu-
ate the excited-state electronic structures. Calculation details
are shown in the SI.

Fig. 4a shows the calculated energy diagrams of the com-
plexes with S0-optimized geometries. For the biphenylene com-

plexes, the highest-occupied and lowest-unoccupied NTOs
(HOTO and LUTO) of their S1 states are localized on the DKI
moieties (Fig. 4b and S4–S6), indicating LE character centered
on the DKI unit (LE(DKI)). As a result, the oscillator strengths
( f ) for the S0–S1 transition were comparable (Fig. 4a).
Therefore, the differences in PL behavior and the RTP pro-
perties of the biphenylene complexes should mainly originate
from excited-state dynamics involving ISC and structural relax-
ations. Unfortunately, the S1 structure optimizations did not
converge, likely due to the presence of conical intersections.
Therefore, the effects of structural relaxations have not been
evaluated. Meanwhile, significant structural deformations
could be restricted in the solid states or at 77 K. Consequently,
the properties of the complexes were studied based on the S0-
optimized structures.

For assessing ISC properties, the SOC constants between S1
and Tn states (ξ(S1–Tn)) were calculated (Table 4, see the SI). It
was reported that ISC processes from S1 to higher triplet states
can occur at room temperature when the S1–Tn energy gap is
within ± ca. 0.3 eV, even if the transition is uphill.5 The
number of triplet states near the S1 state within this energy
range is similar among the biphenylene complexes (T2–T4
states; Fig. 4a). Thus, the ISC in the biphenylene complexes
should smoothly occur even at room temperature because of
their prominent ξ(S1–Tn) values (>1, Table 4). Consequently,
phosphorescence from the biphenylene complexes can be
observed even at room temperature.

The NTO analysis revealed that the Tn (n = 2–4) states of the
biphenylene complexes are mainly composed of the following
transitions (Fig. 4b and S4–S6): LE(FL), local excitation cen-
tered on the borafluorene unit; intra-LCT(Ph → DKI), intrali-
gand CT excitation from the peripheral phenyl or mesityl rings
to the central BN2C3 ring; inter-LCT(FL → DKI), interligand CT
excitation from the borafluorene unit to the central BN2C3

ring. As the FL and the peripheral aromatic rings are con-
nected to the central BN2C3 ring with substantial dihedral
angles, the S1–Tn transitions should proceed with non-zero ΔL,
leading to significantly large ξ(S1–Tn) values. The additional
ISC channels provided by the FL unit could be responsible for
the RTP properties of the biphenylene complexes, which are
absent in the difluoroboron complexes.17,18 In addition, the
possible reason why the bromine atoms hardly enhance phos-
phorescence might stem from the only small contribution of
the bromine atoms to the HOTO and LUTO for the excited
states (Fig. S5).

Fig. 4a also shows the energy diagrams for the diolate com-
plexes. The S1 states of both complexes have negligible oscil-
lator strengths, in contrast to those of the biphenylene com-
plexes. This could be the origin of their significantly inefficient
luminescence. The NTO analysis reveals that the S1 state of the
diolate complexes should be attributed to the inter-LCT (diol
→ DKI) transition (Fig. 4c and S6–S8). The negligible overlap
between the HOTO and LUTO should result in small f values.
The strong electron-donating ability of the diolate ligands
should provide a higher-lying HOMO, leading to the inter-LCT
state as their S1 state. On the other hand, the S2 state of
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Mes_cat and the S3 state of Mes_naph are attributed to the LE
(DKI) state. Their considerable oscillator strengths should be
responsible for the absorption bands in the visible region.

Importantly, there are more triplet excited states near the S1
state of Mes_naph than that of Mes_cat (Fig. 4a). In addition,

the NTO analysis revealed that the T2 state of Mes_cat is
attributable to the inter-LCT (diol → DKI) transition, as in its
S1 state. Therefore, the transition between S1 and T2 involves
only a small ΔL, resulting in a small ξ(S1–T2) value (0.19 cm−1).
Meanwhile, the T3–T6 states of Mes_naph are mainly com-

Fig. 4 (a) Electronic state energy diagrams of singlet and triplet levels at the TDA-UCAM-B3LYP/6-311++G(d,p) level of theory. f denotes the oscil-
lator strength for the S0–S1 transition. The color of the bars for triplet states corresponds to the ξ(S1–Tn) values on the color scale. Grey vertical bars
show the range of ±0.3 eV from the S1 state. Selected NTOs of (b) Mes_FL and (c) Mes_naph. Contr. represents the contribution of the NTO pair to
the corresponding electronic transition. NTOs were visualized using VESTA.33

Table 4 Calculated electronic transition energies and SOC constants between S1 and Tn states

T1 T2 T3 T4 T5 T6 T7 T8 T9

Mes_FL Energy/eV 2.39 3.19 3.58 3.68 3.80 3.86 3.90 4.06 4.13
ξ(S1–Tn)/cm

−1 1.06 1.14 7.52 1.61 1.76 0.75 1.30 —a —a

Ph_FL Energy/eV 2.33 3.30 3.77 3.82 3.96 3.99 4.05 4.11 4.27
ξ(S1–Tn)/cm

−1 0.86 1.13 2.70 3.21 1.67 0.81 0.55 —a —a

Ph_FLBr Energy/eV 2.29 3.15 3.69 3.75 3.88 3.93 4.00 4.01 4.19
ξ(S1–Tn)/cm

−1 0.85 1.21 5.67 2.70 0.84 1.78 0.39 —a —a

Mes_cat Energy/eV 2.62 3.51 3.84 3.88 3.90 3.92 3.96 4.02 4.39
ξ(S1–Tn)/cm

−1 13.05 0.19 1.53 1.67 0.05 1.88 0.38 0.52 —a

Mes_naph Energy/eV 2.63 3.17 3.65 3.75 3.84 3.88 3.90 3.92 4.08
ξ(S1–Tn)/cm

−1 12.91 0.06 0.97 0.46 1.31 1.73 0.27 1.76 0.30

aNot calculated.
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posed of the LE(diol), inter-LCT(diol → DKI), intra-LCT(Ph →
DKI), and LE(Ph) transitions (Fig. 4c and S6–S8).
Consequently, the S1–Tn (n = 3–6) transitions could involve a
substantial ΔL, leading to relatively large ξ(S1–Tn) values
(Table 4). These results strongly suggest that the ISC process of
Mes_naph should be faster than that of Mes_cat. As a result,
the phosphorescence quantum yield of Mes_naph was higher,
and fluorescence was hardly observed from Mes_naph.

Furthermore, the diolate complexes showed little emission
at room temperature, whereas the biphenylene complexes exhibi-
ted both phosphorescence and fluorescence. This stark difference
could be explained by the following mechanism: the S1 state of
diolate complexes was composed of the inter-LCT (diol → DKI)
transition, with negligible f, resulting in a small kFL. On the other
hand, the S1 state of the biphenylene complexes was attributed to
the LE(DKI) transitions with large f, leading to large kFL, similar
to typical DKI complexes (Fig. 4).1,3 The corresponding LE(DKI)
states of the diolate complexes are located in the higher energy
region (S2 of Mes_cat and S3 of Mes_naph). The occupied orbital
of the DKI unit is stabilized and destabilized by the inductively
electron-withdrawing diolate units and the σ-donating bipheny-
lene units, respectively. Meanwhile, the energy of the unoccupied
orbital is not significantly affected by the substituents on the
boron atom (Fig. S9). As a result, the LE states of the diolate com-
plexes localized at the DKI unit are located at a higher energy
region than those of the biphenylene complexes (Table S7).

Conclusion

We synthesized a new series of DKI boron complexes with a spiro
structure at the boron center. Importantly, it is demonstrated that
their excited-state properties, involving ISC and phosphorescence
processes, are significantly tunable by modulating the electronic
properties of the substituents connected to the boron atom with
a spiro configuration. Particularly, the biphenylene complexes
exhibited room-temperature phosphorescence derived from accel-
erated ISC through higher-lying excited triplet states. The design
concept for introducing a spiro structure at the coordination
center could be applicable to the development of not only novel
luminescent complexes but also other functional dyes, such as
organic photoredox catalysts.
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