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ABSTRACT: Borenium ions, originally synthesized as fundamentally
important laboratory curiosities, have attracted significant attention due
to their applications in catalysis and frustrated Lewis pair chemistry.
However, investigations of the materials properties of these types of
compounds are exceptionally rare. Herein, we report the synthesis,
molecular structures, and optical properties of a new class of air-stable
borenium ions, stabilized by the strongly donating carbodicarbene
(CDC) ligand (2, 3, 6). Notably, CDC-borafluorenium ions exhibit
thermoluminescence in solution, a result of a twisted intramolecular
charge transfer process. The temperature responsiveness, which is
observable by the naked eye, is assessed over a 20 to −60 °C range.
Significantly, compound 2 emits white light at lower temperatures. In
the solid state, these borocations exhibit increased quantum yields due
to aggregation-induced emission. CDC-borafluorenium ions with two different counteranions (Br−, BPh4

−) were investigated to
evaluate the effect of anion size on the solution and solid-state optical properties. In addition, CDCs containing both symmetrical
and unsymmetrical N-heterocycles (bis(1-isopropyl-3-methylbenzimidazol-2-ylidene)methane and bis(1,3-dimethyl-1,3-dihydro-2H-
benzo[d]imidazol-2-ylidene)methane) were tested to understand the implications of free rotation about the CDC ligand carbon−
carbon bonds. The experimental work is complemented by a comprehensive theoretical analysis of the excited-state dynamics.

■ INTRODUCTION

Over three decades ago Nöth and co-workers reported the first
examples of borenium ions, introducing a new class of
positively charged tricoordinate boron species with the general
formula [LBR2]

+ (L = ligand; R = generic functional group).1

At the time, these borocations were largely regarded as
laboratory curiosities, as the highly electrophilic boron center
rendered these molecules reactive and synthetically challenging
to isolate.2 In the intervening years, borenium ions have
become powerful reagents in chemical synthesis and
catalysis.2,3 Despite the near 40-year gap since the original
report of Nöth’s acridine-borafluorenium ion (Figure 1a),1d

investigations of the optical properties of these types of
positively charged boracyclic species have only recently gained
attention.4 Our laboratory synthesized a series of borafluore-
nium and borepinium ions and uncovered preliminary
evidence for unusual thermochromic properties, suggesting
that boron cations may have untapped optical properties
important for the development of stimuli-responsive materials
(Figure 1b).4c In a report by Jak̈le, extended conjugation
resulted in increased fluorescence in diborenium ions
compared to their monomeric counterparts (Figure 1c).4f

Gilroy and co-workers have shown borenium ion-based
formazanate dyes to be optically tunable reactivity probes
(Figure 1d).4d,e

Carbenes have been employed throughout boron chemistry
to stabilize reactive species, and we demonstrated that an N-
heterocyclic carbene (NHC) borafluorenium ion exhibits
thermochromism in solution as a result of intermolecular
boron−oxygen interactions.4c However, this compound
(Figure 1b) was highly reactive and sensitive to protonation
at low concentrations, even in rigorously dried solvent. Such
challenges have limited the in-depth optical spectroscopic
study of these molecules.4c While carbenes feature carbon(II)
centers with a free σ-electron pair, carbones, a lesser-known
class of carbon donor ligands, possess a carbon(0) center with
the ability to donate both σ- and π-electron density to Lewis
acidic fragments.5 In this regard, it should be noted that
Alcarazo,6 Kuzu,7 and Ye,8 have isolated carbodiphosphorane-
stabilized borenium ions (Figure 1e), and Ong utilized a
carbodicarbene to stabilize a dicationic tricoordinate hydrido-
boron species (Figure 1f).9

One of the key types of optical materials being explored are
tailor-made “smart” or stimuli-responsive materials that
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respond to external stimuli without the need for additional
reagents.10 Such materials have potential applications in
medical and food packaging sectors, where the temperature
of a substance needs to be tracked “by eye” in the absence of
expensive analytical equipment. We reasoned that it would be
possible to rationally design temperature-responsive materials
by exploiting the Lewis acidity of borenium ions. However, the
typically reactive nature of this compound class would need to
be overcome, and possible methods to achieve this goal are (1)
to embed the cationic boron center in extended conjugated
networks, decreasing the electrophilicity by dispersing the
positive charge,4a,f,11 or (2) to control the electrophilicity and
reactivity using ligand-based strategies.2,3i,4d Due to the unique
donor capabilities of carbones, carbodicarbene (CDC) was a
potential candidate to mediate the chemistry. Indeed, we
hypothesized that employing exceptionally strong donor
ligands should result in borenium ions with enhanced stability
and distinct optical properties resulting from ligand-to-boron
cation π-conjugation. Herein, we report the synthesis,
molecular structures, and absorption and emission behavior
of carbodicarbene-stabilized borafluorenium ions (2, 3, 6)
(Figure 1g). Notably, compounds 2, 3, and 6 represent the first
examples of thermoluminescent borenium ions (i.e., the
fluorescence of these compounds may be modulated based
on temperature changes in solution). The emissive behavior is
a result of synergistic effects between the π-donating
carbodicarbene and the cationic boron heterocycle. To our
knowledge, this is the first time CDC has been studied as a
ligand for materials chemistry. We demonstrate that this single-
molecule system exhibits temperature-controlled white-light
emission as well as aggregation-induced emission (AIE).
Moreover, these compounds are air-stable on the benchtop
in the solid state for at least 1 week without any noticeable
decomposition.

■ RESULTS AND DISCUSSION
A nucleophilic bromide displacement reaction in toluene
involving CDC12 and 9-bromo-9-borafluorene (1)13 led to the
CDC-stabilized borafluorenium ion (2), which was isolated in
93% yield as a bright yellow solid (Scheme 1). This was

evident after characterization via 11B{1H} NMR, which
displays a downfield chemical shift (48.4 ppm) in the range
of tricoordinate borafluorenium ions.1d,4c The reactivity of
CDC with 9-halo-9-borafluorene differs from weaker carbon
donors such as carbenes, which form tetracoordinate
borafluorenes13,14 and require halide abstraction reactions for
the synthesis of borenium ions.4c In order to assess the impact
of anion sterics and possible weak coordination to the boron
center, compound 2 was subjected to an anion exchange
reaction with sodium tetraphenylborate (NaBPh4) to give the
borafluorenium ion 3. Compound 3 was obtained as a bright
yellow solid in 90% isolated yield and displayed 11B{1H} NMR
signals at 48.3 (boron cation) and −6.6 ppm (BPh4 anion).
Remarkably, in the solid state, these cations are stable under
aerobic conditions for at least 1 week.15 In contrast, the vast
majority of borenium ions and CDC complexes of other Lewis
acids are air-sensitive.2

Single crystals suitable for X-ray diffraction were grown by
slow diffusion of diethyl ether (Et2O) into methylene chloride
(DCM) at room temperature (for 2) and by cooling a DCM/
Et2O mixture to −37 °C in the glovebox freezer (for 3). In
both instances, no contacts are observed between the cationic
boron center and the counteranion, resulting in a trigonal
planar geometry about the B1 atoms (Figure 2). The B+ center
in 2 being free of anion contacts is attributed to CDC’s strong
σ- and π-donor capability.5d The C1−B1 bond distance
[1.485(4) Å (2); 1.495(3) Å (3)] is shorter than reported
carbene-borafluorenium ions [1.567(5)−1.586(6) Å]4c and
more consistent with a carbon−boron double bond.16 These
values are similar to reported carbodiphosphorane-borenium
ions [1.500(7)−1.514(5) Å].6−8 The C1−C2 bond distances
[1.454(4) Å (2); 1.436(3) Å (3)] are elongated with respect to
the free CDC ligand [1.3455(16) Å], supporting increased
donation of electron density from the ligand. Both crystal
structures displayed a twisted CDC, with the two N−CH3
groups oriented downward toward opposite sides of the
borafluorene π-system. The angles between the NHC frag-
ments were measured with planes drawn through all of the
atoms in the five-membered NHC rings and demonstrated
smaller interplanar angles in compound 2 [73.254(181)°]
compared to compound 3 [80.256(91)°]. The nature of the
C1−B1 bond in 2 was investigated theoretically using energy
decomposition analysis with natural orbitals for chemical
valence (EDA-NOCV). The stabilization in 2 and 3 arises
principally from carbone to borenium σ-donation (68%), with
partial π-donation (16%). NBO calculations identify both σ-

Figure 1. (a) Acridine-stabilized borafluorenium ion; (b) N-
heterocyclic carbene (NHC)-stabilized borafluorenium ion (Dipp =
2,6-diisopropylphenyl); (c) NHC-diborepinium ion dimers; (d)
formazanate borenium ion; (e) carbodiphosphorane-borenium ions
[Alcarazo (2011), R = H, A = HB(C6F5)3; Kuzu (2016), R = F, A =
BF4; Ye (2021), R = Br, Aryl, O(CH2)4Br, A = Br]; (f)
carbodicarbene (CDC)-stabilized dicationic hydridoboron complex;
(g) carbodicarbene-borafluorenium ions (this work).

Scheme 1. Synthesis of CDC-Stabilized Borafluorenium
Ions
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and π-bonding orbitals between C1 and B1, both polarized
toward C1. The natural population charge (NPA) on boron is
+0.708, indicating the majority of the positive charge is
localized on boron. From these analyses, the bond is best
described by a coordinate covalent bond, represented by an
arrow, with moderate π-electronic delocalization between the
two fragments, represented by the dashed lines. A
comprehensive analysis of the bonding parameters is provided
in the Supporting Information.
The 1H NMR spectra of compounds 2 and 3 showed two

sets of CDC-borafluorenium ion peaks at room temperature in
approximately a 2:1 ratio with some of the signals in the minor
species appearing broadened (e.g., N−CH3, N−CH(CH3)2,
N−CH(CH3)2). The two species in solution were shown to be
in direct chemical exchange, indicated by nuclear Overhauser
effect spectroscopy (NOESY, Figure S9). We have attributed
the second set of peaks to conformational changes as a result of
rotation about the carboneC1−C2carbene and carboneC1−C13carbene
bonds, as well as a weak intramolecular agostic interaction
between the N−CH3 protons and cationic boron center
(Figure 3). Rotation about the carbone C−C bonds has been
previously reported with a carbodicyclopropenylidene ligand.17

Variable-temperature (VT) 1H NMR data were obtained, in
which the minor conformer signals N−CH3, N−CH(CH3)2,
C25−H, and C34−H split into two signals below 0 °C
(Figures S4 and S15). A portion of the VT 1H NMR spectrum
of 2 with peak labels is shown alongside the proposed
equilibrium process in Figure 3. High-temperature 1H NMR
studies indicate that all of the peaks coalesce by 120 °C, which
supports an increased rotation of the carboneC−Ccarbene bonds,
and the presence of one species in solution (Figure S5).
The proposed weak, agostic interaction is supported by

broadened N−CH3 and N−CH(CH3)2 signals at room
temperature in the minor species that split into two signals

at low temperature (Figure 3, minor, low temperature (LT)).
The molecular structures of compounds 2 and 3 show the C−
H bond and boron pz orbital to be nearly coplanar in the solid
state, and the closest H−B distances [2.657 Å (2); 2.688 Å
(3)] are similar to a previously reported agostic interaction
between a boron atom and a C−H bond on an ethane
fragment [2.64 Å].18 Theoretical analysis of the noncovalent
interaction (NCI) surfaces between N−CH3 protons and the
borenium center reveals a weak covalent attraction typical of
agostic interactions (Figure S50). Furthermore, NBO second-
order perturbation analysis identifies two N−CH3 σ(C−H) →
π*(B−C) donor−acceptor interactions with moderate stabiliza-
tion energies (E(2) = 12.6 kJ mol−1).
To provide additional experimental support for this

interaction, compound 2 was reacted with potassium bis-
(trimethylsilyl)amide (KHMDS) to afford compound 4 in 54%
yield (Scheme 2). Upon interaction with the boron center, the

C−H bond on the N−CH3 group is rendered more acidic,
facilitating a deprotonation reaction and formation of a new
five-membered ring. It should be noted that deprotonation
does not occur with the addition of KHMDS to uncoordinated
CDC, and this reaction is similar to what we observed in a
previous study at a highly polarizing beryllium center.5j,19

Crystals suitable for single-crystal X-ray diffraction were grown
from the slow diffusion of hexane into a concentrated toluene
solution of 4 at room temperature (Figure S46). The 11B{1H}

Figure 2. Molecular structures of 2 (a) and 3 (b) (thermal ellipsoids
at 50% probability; H atoms and cocrystallized solvent (3, THF)
omitted for clarity). Selected bond lengths [Å]: 2: B1−C1 1.485(4),
C1−C2 1.454(4), B1−C24 1.592(4), C2−N1 1.352(3); 3: B1−C1
1.495(3), C1−C2 1.436(3), B1−C24 1.583(3), C2−N1 1.355(3).

Figure 3. VT 1H NMR of compound 2 at 3.3−5.3 ppm and proposed
solution-state equilibrium at room temperature (RT) and low
temperature (LT). See Figure S4 for the full spectrum.

Scheme 2. Deprotonation and Cyclization of CDC-
Stabilized Borafluorenium Ion 2
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NMR spectrum shows a distinct upfield shift at −2.0 ppm,
representative of a tetracoordinate boron center.
To further support our claim of conformational changes

resulting in multiple proton environments, a symmetric CDC
with N−CH3 groups was synthesized (5).5d Upon coordina-
tion of 5 with compound 1 in toluene, compound 6 formed as
a yellow precipitate in 91% yield (Scheme 3). Single crystals

suitable for X-ray diffraction were grown from slow diffusion of
Et2O into DCM at room temperature (Figure S47). The
11B{1H} NMR spectrum of 6 showed a broad signal at 48.1
ppm, which is comparable to 2 and 3. The 1H NMR spectrum
at room temperature showed one set of signals for the product,
with a broadened signal for the N−CH3 protons at 3.70 ppm.
At −40 °C, the N−CH3 protons split into two equivalent
singlets indicating slowed carboneC−Ccarbene rotation and

interaction with the cationic boron, similar to compounds 2
and 3 (Figure S26). Therefore, the different conformers of the
CDC ligand are indeed responsible for the two sets of signals
observed in the 1H NMR spectrum.
To study the photophysical properties of compounds 2, 3,

and 6, VT UV−vis and fluorescence spectroscopy, absolute
quantum yield measurements, and fluorescence lifetime studies
were performed. UV−vis data indicate that multiple excited
states are accessible with three similar absorption events
observed for the three cations around 265, 355, and 390 nm
(Figure 4a). Time-dependent density functional theory (TD-
DFT) calculations (CAM-B3LYP-D3(BJ)/def2-TZVP(SMD,
DCM)) for 2 reveal the lowest energy transition (S0 → S1) is
an intramolecular charge transfer (CT) state (HOMO →
LUMO) from the donor CDC moiety to the borafluorene
acceptor (Table 1). The CT character of S1 was confirmed by

Scheme 3. Synthesis of a Symmetric CDC-Borafluorenium
Ion

Figure 4. (a) Normalized UV−vis spectra for compounds 2, 3, and 6 in DCM. (b) VT fluorescence spectra for compound 2 in DCM (λex: 350 nm
[0.0125 mM]). Images: λex: 356 nm (left, white and orange emission), 265 nm (right, blue emission). (c) CIE (1931) chromaticity diagram for
compound 2 fluorescence in DCM at different temperatures [20 °C (0.39, 0.38), 0 °C (0.35, 0.36), −20 °C (0.32, 0.35), −40 °C (0.29, 0.35), −60
°C (0.28, 0.34)]. (d) VT fluorescence spectra for compound 6 in DCM (λex: 350 nm [0.01 mM]). Images: λex: 356 nm. Note: Spectral feature at
700 nm is a result of second-order Rayleigh scattering; no filter was used.

Table 1. Calculated Vertical Excitation Energies of 2 at the
CAM-B3LYP-D3(BJ)/def2-TZVP//B3LYP-D3(BJ)/def2-
TZVP (SMD, DCM) Level of Theory

state λabs (nm)a f excitation

S1 396.8 0.555 HOMO → LUMO
S2 388.1 0.007 HOMO−1 → LUMO
S3 349.7 0.703 HOMO → LUMO+1

aCalculated vertical excitation energies corrected by −0.3 eV.
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analysis of the natural transition orbitals and by plotting the
differences in the electron densities for S1 and S0 (Figure 5).

The second excited state (S0 → S2) is described by a weakly
allowed transition ( f = 0.007) centered on borafluorene. The
third excited state (S0 → S3) describes a π → π* local (ligand-
centered) excitation on CDC (HOMO → LUMO+1). The
band observed for high-energy excitations (<280 nm)
corresponds to local transitions centered on either the CDC
or borafluorene ligands.
Excitation of compound 2 in DCM at 260 nm results in a

bright blue fluorescence with a maximum peak at 450 nm
(Figure S31). When excited at a longer wavelength (350 nm),
the observed fluorescence is orange-yellow in color, and a
strong peak at 620 nm is observed (Figure 4b). As the solution
is cooled, the peak at 620 nm steadily decreases as the shoulder
at 490 nm increases, resulting in a color change that is readily
observable by the naked eye. The observation of dual
fluorescence is commonly attributed to a twisted intra-
molecular charge transfer (TICT) process,20 whereby two
geometrically distinct singlet excited states are present upon
excitation, each with unique emission profiles.21 A principle of
TICT systems is that the donating ligand is conjugated to the
acceptor. Although examples of donor−acceptor TICT
complexes can be found in the literature,10a,21,22 to date
none possess a coordinating carbene ligand due to the lack of
CT excitations. However, the electronic properties of the CDC
complex are fundamentally different from analogous NHC and
CAAC complexes. The CDC ligand leads to conjugation with
the borafluorene acceptor that arises from significant BC
character. Molecular orbital (MO) calculations for 2, together
with NHC and CAAC analogues (Figure S56), indicate that
the HOMO of 2 (Figure 5) is associated with BC π-
interaction (ligand−acceptor conjugation); however this MO
is unoccupied (LUMO) in the NHC and CAAC analogues.
Moreover, CDC affords a significantly larger HOMO−LUMO
gap than NHC or CAAC.
Theoretical studies of 2 were employed to investigate the

origin of the dual-fluorescence process. The optimized ground-
state geometry exhibits a dihedral angle between the

borafluorene and CDC planes of 27.2°. Geometry optimiza-
tions on the S1 potential energy surface (PES) located a
minimum in which the borafluorene is near perpendicular to
the CDC plane with a dihedral angle of 75.5°. Scans of the S1
PES with respect to the dihedral angle reveals a rotational
barrier at 50° (ΔE = +21 kJ mol−1) and a local minimum
corresponding to the twisted conformation (Figure S52). The
twisted minimum on the S1 PES is calculated to be lower in
energy relative to the locally excited (LE) state by 50 kJ mol−1.
Calculated vertical emission energies (S1 → S0) display the
general trend of red shifting the emission wavelength with
increasing dihedral angle (Figure S53). Theoretical state-
specific absorption and emission energies for both the LE and
TICT states are in excellent agreement with experiment. Figure
6 shows the potential energy diagram of 2. Calculated emission

at 499 nm is attributed to the LE state (S1(LE) → S0); the
borafluorene moiety then undergoes intramolecular rotation,
whereby a second emission was calculated at 643 nm (S1(TICT)
→ S0). At reduced temperatures, rotation about the C1−B1
bond is inhibited, resulting in a blue shift of the emission
maxima corresponding to the locally excited state. The
observed internal rotation is driven by total charge separation
between the donor and acceptor fragments and the
accompanying solvent relaxation.22c Excitations at high energy
wavelengths (<280 nm) were calculated to be π → π*
transitions centered on borafluorene and CDC. Due to the lack
of charge-separated higher energy singlet states, only the
locally excited band (S1(LE) → S0) is observed upon excitation
at 260 nm.
The International Commission of Illumination (CIE)

diagram23 of 2 clearly depicts a color change occurring
throughout the cooling process (Figure 4c). At 0 and −20 °C
the CIE coordinates are (0.35, 0.36) and (0.32, 0.35),
respectively, which are very close to the coordinates for pure
white light (0.33, 0.33).24 White-light emitters are sought after
due to their importance in display technology and are often
made through a method termed additive mixing, by which two
complementary colors are combined to create white light.24 A
single-molecular system that achieves this feat is desirable
because of its color stability, quantum efficiency, and a simpler
device fabrication process.24b

Figure 5. Frontier molecular orbitals of 2 calculated at the CAM-
B3LYP-D3(BJ)/def2-TZVP//B3LYP-D3(BJ)/def2-TZVP (SMD,
DCM) level of theory. Density difference plot between S1 and S0;
electron density flows from red to blue (isosurface ±0.0001e).
Hydrogen atoms are omitted for clarity.

Figure 6. Potential energy diagram of 2. State-specific absorbance/
emission energies calculated at the CAM-B3LYP-D3(BJ)/def2-SVP//
CAM-B3LYP-D3(BJ)/def2-TZVP (cLR, DCM). Hydrogen atoms are
omitted for clarity.
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When compound 2 is dissolved in chlorobenzene, differ-
ences in the UV−vis spectrum are observed with a λmax at 390
nm and a small shoulder at 350 nm (Figure S32). Excitation of
this sample at 350 nm results in a bright blue fluorescence at
427 nm and no observable TICT feature (Figure S33). This is
in stark contrast to the orange-yellow fluorescence color in
DCM and indicates solvatoluminescence, although further
studies were limited by the insolubility of the compound. The
difference in fluorescence can likely be attributed to the
difference in polarity for DCM (ε = 9.14) and chlorobenzene
(ε = 5.69),25 whereas DCM is able to stabilize a large dipole
moment in the TICT state of 2.
Fluorescence studies of compound 3 were carried out in

DCM, and excitation at 350 nm exhibited thermolumines-
cence. The emission of compound 3 closely resembled
compound 2, with a bright yellow-orange fluorescence
observed at room temperature and a peak at 628 nm that
decreased along with cooling and a peak at 444 nm that
increased at low temperatures (Figure S38A). A plot of the
CIE chromaticity diagram shows a similar trend relative to
compound 2, although at lower temperatures, 3 does not show
emission passing through the white-light region (Figure S38B).
A comparison between two different CDCs offered a visible
difference with a pink fluorescence observed at room
temperature for compound 6 (λex = 350 nm). Fluorescence
spectroscopy showed prominent peaks at 434 and 644 nm
(Figure 4d). The peak at 644 nm decreases as the solution is
cooled, whereas the peak at 434 nm increases at lower
temperatures (see the Supporting Information for theoretical
results). The peak associated with TICT is red-shifted in all
three species, which is consistent with a longer fluorescence
lifetime. To determine the contribution of the fluorescence of
both LE and TICT states, time-resolved fluorescence measure-
ments were performed. The decay processes of 2, 3, and 6
were fit using a biexponential model with photoluminescence
data summarized in Table 2. Expectedly, the lifetime of the LE
state (τ1) is shorter than the TICT state (τ2), and the radiative
and nonradiative decay rate constants can be found in Table
S1.
During our collection of the quantum yields (QYs) of these

compounds, we observed large differences between the data
when collected in solution versus the solid state. Therefore, we
performed quantum yield studies on the single crystals, drop-
cast samples, and solutions at two different wavelengths
(Figure 7). The data corresponding to the images in Figure 7
are summarized in Table 2. A comparison of the QYs between
phases for each compound shows that compounds 2 and 6
have the highest QYs as single crystals, whereas compound 3
has its highest quantum yield when drop-casted. We observe a
significant decrease in fluorescence efficiency in solution, with
the lowest values for all three compounds when λex = 350 nm.
This is consistent with the observed TICT process, as charge
transfer species typically have lower QYs.22e,26 The observed

AIE can be attributed to the restricted TICT process in the
solid state.
We have synthesized and fully characterized the first

examples of thermoluminescent borenium ions. The temper-
ature-responsive properties result from the synergistic combi-
nation of carbodicarbene and a B+-doped heterocycle, which
elicits a TICT process. Significantly, these complexes are air-
stable in the solid state, which bodes well for future
applications. The first utilization of carbones as a ligand in
materials-relevant chemistry highlights key electronic differ-
ences between carbones and carbenes. Indeed, it is noteworthy
that these materials are distinctly different, in both bonding
and optical properties, from NHC-stabilized borafluorenium
ions, which were air-sensitive, nonemissive, and decomposed at
low concentrations.4c The solution-state properties of CDC-
borafluorenium ions were thoroughly studied via NMR and
indicate different conformational states of the CDC ligand and
evidence for an intramolecular agostic interaction. The optical
properties of cations 2, 3, and 6 were characterized by UV−vis
and fluorescence spectroscopy, and their solid-state QYs were
relatively high for a structurally unique TICT-based donor−
acceptor compound. The results from these studies showed
thermoluminescence, TICT-based AIE, and temperature-
responsive white-light emission. These properties are typically
observed in highly conjugated complex systems or polymers;

Table 2. Quantum Yield Data and Fluorescence Lifetimes for Compounds 2, 3, and 6

compound ΦF
[single crystals]a ΦF

[dropcast]b ΦF
[solution]c ΦF

[solution]d τs1/ns
e τs2/ns

e

2 0.291 0.245 0.060 0.041 0.2 (43%) 1.1 (57%)
3 0.177 0.211 0.074 0.032 0.4 (31%) 1.6 (69%)
6 0.199 0.151 0.086 0.061 0.3 (85%) 2.6 (15%)

aQY of single crystals. bQY of drop-cast samples, single crystals dissolved in DCM (10 mg/1 mL). cQY of sample in DCM, λex = 265 nm. dQY of
sample in DCM, λex = 350 nm. eFluorescence lifetimes measured in dichloromethane at 920 nm at room temperature; values in parentheses
indicate the relative amplitude weightings of the pre-exponential factors.

Figure 7. Images of the samples used for QY measurements of
compounds 2, 3 and 6: (A) Single crystals, λex = 365 nm. (B) Drop-
casted in DCM at room temperature, λex = 365 nm. (C) DCM
solutions, λex = 265 nm. (D) DCM solutions, λex = 356 nm.
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thus, a single-molecule system exhibiting this behavior is
desirable. Collectively, the chemistry presented is counter-
intuitive and represents a departure from commonly held
perceptions of charged tricoordinate boron compounds: that
they are laboratory curiosities that are highly reactive. This
CDC-based approach, which leads to π-conjugation between
the ligand and the B+-doped heterocycle, may serve as a
general strategy for the development of stable temperature-
responsive materials featuring cationic boron.
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