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ABSTRACT: Mechanochromic luminescent (MCL) materials are
promising in pressure sensors, security papers, photoelectric devices
and optical data recording. Although some kinds of MCL-active
iridium(III) complexes with various soft substituent functional
ligands (e.g, dendritic carbazole, flexible chains, and Schiff base
ligands) were reported, the MCL mechanism is still not clear and
mainly ascribes to the physical phase transformations from
crystalline state to amorphous state in response to force stimulus
at present stage, and deserves further study in order to obtain more
intelligent MCL materials. Herein, two new iridium(III) complex
isomers are tactfully constructed and show distinctly opposite MCL
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properties in spite of the same physical phase transformations happening on them. The absolutely out of the ordinary MCL
mechanism has been presented on account of molecular level for the first time via the comparative study of photophysical properties
based on isomers 1 and 2 with the help of crystal structure analysis, room/low temperature emission spectra, NMR, PXRD, and TD-
DFT calculations. All of these results suggest that the emitting state dominated by the triplet charge transfer excited state (*CT)
plays a key role in achieving mechanochromic luminescence in iridium(III) complex systems.

1. INTRODUCTION

Mechanochromic luminescent (MCL) materials are a class of
“smart” materials whose emission properties can be changed
upon external force stimulus (e.g, grinding, heating, and vapor
fuming), and have attracted significant interest and attention
due to their widespread applications, including pressure
sensors, security papers, photoelectric devices, and optical
data recording.' ™ In recent years, various kinds of organic
MCL materials including small organic molecules, organic
cocrystal molecules, organic polymers, macrocyclic molecules,
and transition metal complexes have been reported.””'* The
MCL mechanisms are now mainly attributed to the physical
phase transformations from crystalline state to crystalline state,
or from crystalline state to amorphous state in response to
force stimulus.'”~'® These transformations are accompanied
by a change in the molecular conformations, molecular packing
modes, and metal-metal distances, which changes the
HOMO-LUMO energy levels and consequently results in
the photophysical properties.

In our previous work, a series of iridium(III) complexes via
smart ligand design strategies, such as dendritic carbazole,
flexible chains, and Schiff based ligands, has been proven to be
an alternative way to achieve mechanochromic luminescence
(Figure S1).""7>° The design strategy is that the relatively
flexible functional ligands possess strong twisting skeletons or
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relatively loose intermolecular stacking modes that can be
easily modified or their intermolecular interactions can be
destroyed by the external mechanical perturbation, then
resulting in the MCL phenomenon.

In the past few years, some kinds of MCL-active iridium (III)
complexes have been developed. However, the MCL
mechanism is less well studied.”® Therefore, it is very
important to further reveal the MCL mechanism especially
on account of molecular level and provide more accurate
design discipline for effectively achieving MCL materials. In
this work, two new iridium(III) complex isomers with
extremely rigid ligands are subtly designed and synthesized.
Interestingly, isomer 1 exhibits an MCL phenomenon, whereas
isomer 2 does not show any mechanochromic luminescence
although both isomers undergo a similar physical phase
transformation process (crystal to amorphous phase transition)
in response to external force stimulus. This is completely
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Scheme 1. Synthesis Routes of the Ligands dptzpy 1, dptzpy 2, Iridium(III) Complexes Isomers 1 and 2
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different from the previously reported mechanism of MCL
materials. Therefore, it is believed that the comparative study
of photophysical properties of these two isomers is significant
to further understand the MCL mechanism for the future
development of MCL-active materials. The detailed single
crystal structure analysis, luminescence behavior study at both
298 and 77 K, 'H and C NMR measurements, powder X-ray
diffraction (PXRD), and time-dependent density functional
theory (TD-DFT) calculation results indicate that the physical
phase transformations from crystalline state to amorphous
state originating from the destruction of intermolecular
stacking modes is not the primary cause for the MCL
property. It is worthy of attention that the emitting state
dominated by the triplet charge transfer excited state (*CT)
plays a key role in obtaining MCL properties in the
iridium(III) complex system. This work represents a new
MCL mechanism on account of molecular level which might
provide a new platform for the future design of highly efficient
MCL materials.

2. RESULTS AND DISCUSSION

2.1. Syntheses and Characterization. Ligand 1 (dptzpy
1) with an sp*-hybridized nitrogen (N) atom in the /3 gosition
was synthesized following a previous method.”” The
corresponding isomeric ligand 2 (dptzpy 2) with a position
sp® hybridized N atom is designed and synthesized in this work
for the first time (Scheme 1). Finally, two new iridium(III)
complexes isomers 1 and 2 were synthesized according to the
standard procedure (Scheme 1) in high yield.”

2.2. Photophysical Properties. The UV/vis absorption
and emission properties study of isomers 1 and 2 were
measured in the degassed acetonitrile solution. As shown in
Figure la, two main absorption bands were observed in both
isomers 1 and 2. The strong absorption band from 200 to 350
nm is attributed to spin-allowed 'z—z* transitions of the
ligands. The relatively weak absorption peaks at 363 and 420
nm can be assigned to spin-allowed metal-to-ligand charge-
transfer ('MLCT), ligand-to-ligand charge-transfer ('LLCT)
and spin-forbidden MLCT and *LLCT, respectively.”® Upon
photoexcitation, isomer 1 showed green emission with the
peak at 535 nm in acetonitrile solution. In comparison with
isomer 1, isomer 2 showed faint emission with two peaks of
488 and 516 nm, respectively. This result indicates that the
emission properties were influenced by the positional isomer-
ism of the ancillary ligand, in which the sp*-hybridized N
atoms in the triazole ring locate separately in the a/p
substitution positions of pyridine. The nonradiative transition
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Figure 1. (a) UV/vis absorption and emission spectra of isomers 1
and 2 in acetonitrile solution (1 X 107> M). Inset: amplified UV
absorption spectra of isomers 1 and 2. (b, c) Emission spectra of
isomers 1 and 2 in water—acetonitrile mixtures with different water
fractions (1 X 1075 M). Inset: emission intensity changes of isomers 1
and 2 in different water—acetonitrile mixture ratios.

rate (k) is 3 orders higher than the radiative transition rate
(k.) (Table 1), leading to the emission quenching of isomer 2.
In the solid powder state, isomers 1 and 2 show stronger
emission in comparison with that in the solution state, and the
photoluminescence quantum yields (PLQYs) were measured
as 0.96% and 0.25%, which are 10- and 25-fold greater than
those in the degassed acetonitrile solution (Table 1). In
addition, the k,, values of both isomers are 0.02 X 10° and 1.09
X 10° s7! in the solid powder state, which are 3 orders lower
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Table 1. Photophysical Characteristics of Iridium(III) Complexes

isomers A (nm) (e (10* M~! em™)) Aem (nm) Ao’ (nm) D, (%) 7 (us) k7 (100 57 k7 (10%s7Y)
1 242 (0.99), 296 (0.53), 363 (0.11), 535,491° 454, 484, 504 0.093,” 0.964” 0.108," 1.546" 0.86," 0.62°  8.40,% 0.02"
420 (0.02)
2 245 (0.99), 300 (0.48), 363 (0.10), 488, (460, 486, 454, 488, 516  0.010,” 0.253” 0.003,” 0.684” 3.03, 0.37°  300,” 1.09"
420 (0.01) 516)"

“Measured in the degassed CH3CN solution (107° M) at 298 K. “Measured in the solid powder state at 298 K. “Measured in the degassed CH;CN
solution (107° M) at 77 K. %k, and k,, were calculated according to the equations: k, = ®,,/7 and k,, = (1 — ®,,))/7.

than those in the solution state. These results indicate that
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exceeds ca. 70%, the emission intensity is dramatically e M
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that both isomers 1 and 2 display AIE/AIEE behavior. The (© (@
UV—visible absorption spectral profiles showed a Mie Simulated XRD . —as
scattering effect that is evidence for aggregates of isomers 1 > >
and 2 (Figure $4).>” Furthermore, electron diffraction (ED) é JM ey é J’M | ==
and transmission electron microscopy (TEM) experimental B e - -
results revealed that the amorphous molecular aggregates were _
formed for both isomers (Figure S5).** W
2.3. Mechanochromic Luminescent Properties. Re- L L T T
. . . . 20/ degree 20/ degree
cently, AlE-active materials were considered to be potential
candidates for highly efficient MCL materials.'”**~*' There- ()
fore, we investigated the potential MCL properties of isomers grinding,
1 and 2 benefiting from their excellent AIE properties. Under eatlng

ultraviolet light irradiation, the as-prepared powders isomers 1 or DCM fumed
and 2 exhibit sky blue phosphorescence with emission peaks of

491 and 486 nm, respectively (Figures 2a and 2b). The

unground samples of isomers 1 and 2 are hereafter referred to ()
as P1 and P2. Upon grinding treatment of both isomers solid
powders on quartz plates with an agate mortar (referred to as
G1 and G2, respectively), a red shift of the emission by ca. 36
nm to A,,,, 527 nm was observed for G1. This MCL behavior is
reversible such that the emission color can be recovered to the
original emission color when heated G1 at 180 °C within 2

grlndmg

Figure 2. Emission spectra of unground P1, ground sample G1, and
heated ground sample Heated Gl1, respectively (a) and P2 and G2

min or fumed G1 by dichloromethane (DCM) solvent (Figure (b). Powder X-ray diffraction patterns of P1, G1, and Heated G1 (c)
2e). Surprisingly, in contrast, no MCL phenomenon was and P2 and G2 (d). Emission color upon irradiation with 365 nm UV
observed for the corresponding isomer G2 (Figure 2f). The light of P1 and G1 (e) and P2 and G2 (f).
distinctly opposite MCL phenomena based on these two
isomers is worthy of attention to further investigate the contrast, these diffraction peaks became weaker and broader
mechanism of the MCL materials. after the grinding process for both G1 and G2, suggesting that
2.4. Mechanochromic Luminescent Mechanism In- physical phase transformations from crystalline state to
vestigations. It is believed that the comparative study of amorphous state happen in response to force stimulus.
isomers with opposite MCL properties may provide a new way However, isomer 2 is not an MCL-active material although
to understand the MCL mechanism. Thus, NMR experiments its physical phase transformations from crystalline state to
were first performed to investigate the MCL mechanism of the amorphous state happened upon grinding, as shown in Figure
two isomers. As shown in Figure 3, both isomers showed 2f. Furthermore, upon heating treatment of G1, the
similar '"H NMR spectra after the grinding process, and tiny amorphous state was reverted to the crystalline state with
peak splitting changes at 8.1, 7.3, and 7.1 ppm for G1 can be intense and sharp reflection peaks (Figure 2c). However, the
attributed to the different concentrations of sample solutions partially different PXRD patterns between P1 and heated G1
before and after the grinding process. Therefore, this result indicated that the crystal packing mode was not converted to
implies that the MCL mechanism is not coming from a the original crystal packing mode upon heat treatment.
chemical reaction. To further explore the MCL mechanism, Therefore, the different crystal packing modes may lead to
the PXRD patterns of the P1, P2, G1, and G2 were obtained. the heated G1 showing wider peak width in comparison with
Both P1 and P2 displayed intense and sharp reflection peaks, P1 in the emission spectra (Figure 2a).
which are similar to the simulated XRD results using single- To further search valuable clues to explain the opposite
crystal data of complexes 1 and 2. This result indicated their MCL phenomena observed in isomers 1 and 2, we successfully
well-ordered crystalline nature (Figures 2c and 2d). In obtained single-crystal structures of both isomers by the
3743 https://dx.doi.org/10.1021/acs.inorgchem.0c03515
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Figure 3. "H NMR spectra of isomers 1 (a) and 2 (b) before and after
the grinding process in DMSO-d,.

solvent diffusion method (from n-pentane to dichloro-
methane). As shown in Figure 4 and Table S1, both isomers
exhibit a slightly distorted octahedral geometry around the
iridium center. Interestingly, the single-crystal structures of the
two isomers exhibit identical crystal systems and space groups,
and the spatial arrangements including complex cations, the
anions PF~, the solvent molecule dichloromethane, and even

the inter- or intramolecular interactions are very similar in their
single-crystal structures. The overlay crystal structures of the
two isomers show only tiny differences (Figure 4i). These
results indicate that both isomers 1 and 2 might possess similar
changes in molecular packing, molecular conformation, and
metal—metal distance upon the grinding process, which means
both of them should exhibit similar MCL properties as
previously reported.

It is worth noting that isomer 2 exhibits a shoulder emission
peak no matter whether in solution or in aggregate state in
comparison with isomer 1 (Figures 1 and 2a,b). The shoulder
emission peaks in iridium complex system were usually
ascribed to the triplet ligand-centered (°LC) excited state.*”
Therefore, we speculate that the opposite MCL mechanism
may be related to the different excited-state properties of the
isomers. Thus, to further study the excited-state properties of
both isomers, the emission properties of both isomers in
various organic solvents were studied. As shown in Figures Sa
and 5b, isomer 1 exhibited a solvation effect, indicating that the
3CT excited state dominates the emitting excited state of
isomer 1. However, in contrast to isomer 1, no emission shift
was observed in isomer 2, demonstrating that the SLC excited
state is the dominant emitting excited state of isomer 2. In
addition, 298 and 77 K emission spectra of both isomers in the
degassed CH;CN solution have also been studied, as shown in
Figures Sc and 5d. At 77 K, both isomers show similar
emission features with peaks at 454, 484, 504 nm and 454, 488,
516 nm, respectively (Table 1) along with classical
phosphorescent emission features with lifetimes of 1.546 and
0.684 s, respectively. With a decrease in temperature from

(i)

y 8ed

@ ¢,
3.32A
(h) »
e
3.32A

Figure 4. Crystal packing modes of isomers 1 (a) and 2 (b). Intermolecular H—F interactions between two molecules of isomers 1 (c) and 2 (d) in
the X-ray crystal structure. Intermolecular CH--x interactions between two molecules of isomers 1 (e) and 2 (f) in the X-ray crystal structure.
Intramolecular 7—7 interactions of isomers 1 (g) and 2 (h) in the X-ray crystal structure. (i) Overlay image of the molecular conformations of

isomers 1 and 2.
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Figure 5. Emission spectra of isomers 1 (a) and 2 (b) in various kinds
of organic solvents (1 X 10~ M). Emission spectra of isomers 1 (c)
and 2 (d) measured at 77 and 298 K. Electron density distribution
calculated for the lowest lying triplet states (T,) of isomers 1 (e) and
2 (f).

298 to 77 K, isomer 1 shows blue-shifted emission (ca. 51 nm)
of the main peak from 535 to 484 nm, and two weak shoulder
peaks at 454 and 504 nm can be attributed to the vibronic
progressions.*’ This result suggests that the emitting state of
isomer 1 is dominated by the predominant *CT excited state at
room temperature. In contrast to isomer 1, no blue-shifted
emission was observed for isomer 2, and similar emission
features with three peaks at 454, 488, and 516 nm were
observed at both 298 and 77 K, respectively, which certifies
that the emitting state of isomer 2 is dominated by the
predominant °*LC excited state at both room and low
temperature. These results indicate that the two isomers
possess essentially different emitting excited state characters at
room temperature: predominant *CT for isomer 1 and
predominant SLC for isomer 2. These results are consistent
with the emission properties of two isomers measured in
various organic solvents.

2.5. Theoretical Investigations. Time-dependent density
functional theory (TD-DFT) was performed to further
investigate the excited-state properties of two isomers. As
shown in Figure Se and 5f and Table S2, the largest
contribution for T; state of isomer 1 comes from the
HOMO to LUMO transition (61%) with *MLCT/’LLCT
characteristics. In addition, a relatively large contribution
comes from the HOMO-3 to LUMO transition (17%) with
SMLCT/?LLCT/3LC characteristics. However, for isomer 2,
the largest contribution for T state comes from a HOMO-1 to
LUMO transition (71%) with 3LC characteristic. And the
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partial contribution comes from a HOMO to LUMO
transition (10%) with *MLCT/’LLCT characteristics. The
detailed excited state transition components of isomers 1 and 2
are shown in Table S2. All of these TD-DFT results indicate
that the emitting excited state of isomers 1 and 2 should
originate from a mixture of *MLCT, *LLCT, and °LC
characters. The main difference is that the emitting triplet
states of isomers 1 and 2 are dominated by *CT and °LC,
respectively, which is consistent with the experimental results
obtained in the low temperature emission (77 K) spectra and
solvation effect experiments. Therefore, all of the above
mentioned results suggest that the MCL behavior of isomer 1
stems from the *CT dominant emitting excited state along with
the force stimulus-induced change in intermolecular stacking
modes. Thus, we try to find the reason why °CT state
promotes MCL behaviors through calculating the transition
dipole moment from T, to ground state (S,). According to
Kasha’s exciton model, the molecular transition dipole
moments from ground state (Sy) to excited state (or from
excited state to ground state) determine the excited-state
energy distributions of dimers, and thus influence the
absorption and emission wavelengths.”* Therefore, the
molecule with a larger transition dipole moment should
exhibit larger variations in the photoluminescent spectra by
force stimulus. Here, we calculated the transition dipole
moments from the first triplet state (T;) to S, for both isomers
with a zero-order regular approximation (ZORA) Hamiltonian
in scalar approximation in the ADF code,”** which shows
0.266 and 0.0454 Debye for isomers 1 and 2 (Table S2),
respectively. This indicates that the isomer 1 with CT
characterization and a larger transition dipole moment is
more sensitive to the force stimulus than isomer 2, which
guarantees that isomer 1 possesses the MCL phenomenon.
The structures and excited-state properties of previously
reported representative MCL-active iridium(III) complexes
have been summarized to further verify the universality of this
MCL mechanism (Figure S1), including dendritic ligand type,
flexible chain ligand type, rigid ligand type, and bridged
dinuclear iridium(III) complexes. The emitting excited state
for all kinds of MCL-active iridium(III) complexes are indeed
dominated by *CT excited states, such as *"MLCT, *LLCT, and
SILCT. This summary is consistent with the conclusion
presented in this work and further elucidates the main
mechanism of MCL phenomena on account of molecular level.

3. CONCLUSION

In conclusion, we design and synthesize two new phosphor-
escent iridium(III) complex isomers with rigid substituent
ligands. Interestingly, the emission properties of these two
isomers were greatly affected by the positional isomerism of
the ancillary ligand. When the sp>-hybridized N in the triazole
ring locates in the f substitution position of the pyridine ring
in the ancillary ligand, isomer 1 exhibits 3CT emitting
characteristics. However, isomer 2 possesses *LC emitting
characteristics in which sp>-hybridized N in the triazole ring
locates in the a substitution position of the pyridine ring in the
ancillary ligand. More importantly, these two isomers along
with the same physical phase transformations from crystalline
state to amorphous state possess extremely opposite MCL
properties. Single-crystal structure analysis, low temperature
emission experiments, NMR, PXRD, and TD-DFT calculations
have been carried out to provide new insights into the nature
of MCL phenomena of iridium(III) complexes on account of
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molecular level. All experimental and TD-DFT calculations
results proposed that the phase transition resulting from the
destruction of intermolecular stacking modes is not the only
reason for the MCL property, and the *CT dominant emitting
excited state plays a key role in achieving MCL in iridium(III)
complexes. Isomer 1 with CT characterization and a larger
transition dipole moment is more sensitive to force stimulus
than isomer 2, since force stimulus could lead to larger
intermolecular packing changes. This work might provide
particularly valuable information for the further understanding
of the MCL mechanism and supply new guidelines to the
design and preparation of MCL-active iridium(III) complexes.

4. EXPERIMENTAL SECTION

4.1. General Information and Materials. All chemicals were
purchased from commercial suppliers without further purification
unless otherwise stated. All syringes, glassware, needles, and magnetic
stirring bars were dried thoroughly in a vacuum oven. Thin-layer
chromatography (TLC) was used for monitoring reactions. 'H NMR
spectra were recorded at 25 °C on a Varian 600 MHz spectrometer,
and TMS was used as the internal standard. The chemical shifts (5)
are given in parts per million relative to the internal standard TMS (0
ppm for 1H). UV—vis absorption spectra were recorded on a
Shimadzu UV-3100 spectrophotometer. Photoluminescence spectra,
excited-state lifetimes, and photoluminescence quantum yields
(PLQYs) were determined using an Edinburgh FLSP920 spectro-
fluorimeter with an integrating sphere. Powder X-ray diffraction
patterns of isomers were collected on a Rigaku Dmax 2000 instrument
on solid powders. Differential scanning calorimetry (DSC) curves
were measured with a PerkinElmer DSC-7 thermal analyzer under
nitrogen with a heating rate 10 °C min™'. Transmission electron
microscopy (TEM) was performed using a TECNAI F20 microscope.

4.2. Preparation of Ligand dptzpy 1 (Ligand 1). A suspension
of 3-phenyl-S-(pyridin-2-yl)-1,2,4-triazole (3.38 g 15.2 mmol),
iodobenzene (4.9 g, 24 mmol), cuprous iodide (0.96 g, 5.0 mmol),
1,10-phenanthroline (1.92 g, 9.6 mmol), and cesium carbonate (7.44
g, 22 mmol) in a 200 mL round flask with 80 mL of dry DMF, under
nitrogen protection reflux for 24 h. After the mixture was cooled to
room temperature, DMF was concentrated under reduced pressure,
and the residue was extracted with ethyl acetate and water. The
organic phase was dried over anhydrous sodium sulfate, and ethyl
acetate was removed under reduced pressure. The crude product was
separated and purified by column chromatography with dichloro-
methane/petroleum ether (3/1v/v) to give a white solid in a yield of
58%.

Spectral data of ligand dptzpy 1 are as follows. '"H NMR (600
MHz, CDCly, ppm): 6 8.51 (dt, ] = 4.8, 1.3 Hz, 1H), 8.29—8.24 (m,
2H), 7.95 (dt, ] = 7.9, 1.1 Hz, 1H), 7.78 (td, ] = 7.7, 1.8 Hz, 1H),
7.50—7.40 (m, 8H), 7.30 (ddd, ] = 7.6, 4.8, 1.2 Hz, 1H).

4.3. Preparation of Ligand dptzpy 2 (Ligand 2). Benzonitrile
(10.3 g 100 mmol) and 70 mL of ethanol were placed in a 250 mL
single-neck flask. The mixture was cooled to 0 °C and acetyl chloride
(62.8 g, 800 mmol) added dropwise. After the addition, the mixture
was warmed to room temperature and allowed to react for 8 h. Then,
the reaction solution was concentrated under reduced pressure to
remove excess acetyl chloride and ethanol. 100 mL of water was
added to the residue, and the solution was neutralized with saturated
NaHCO; solution and extracted with ether. The organic phase was
dried with anhydrous magnesium sulfate, and the ether was removed
under reduced pressure to give the intermediate product ethyl
benzimidate. Ethyl benzimidate (5.96 g, 40 mmol) was dissolved in
150 mL of dichloromethane. This solution was cooled to 0 °C, and
benzoyl chloride (5.62 g, 40 mmol), triethylamine (4.44 g, 44 mmol),
and acylation catalyst 4-dimethylaminopyridine (DMAP, 0.49 g, 40
mmol) were added dropwise. After the addition, the temperature was
raised to 30 °C and the mixture allowed to react for 6 h.
Subsequently, 2-hydrazine pyridine (4.37 g, 40 mmol) was added
dropwise to the reaction solution and stirring was continued for 6 h at
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room temperature. After the reaction was over, the mixture was
extracted with dichloromethane and water. The organic phase was
dried over anhydrous sodium sulfate, and dichloromethane was
removed under reduced pressure. The crude product was separated
and purified by column chromatography with dichloromethane/
petroleum ether (2/1 v/v). The product was colorless transparent
crystals in a yield of 17%.

Spectral data of ligand dptzpy 2 are as follows "H NMR (600 MHg,
CDCl,;, ppm): & 8.45 (dd, ] = 4.9, 2.1 Hz, 1H), 8.30—8.25 (m, 2H),
7.83 (ddt, ] = 9.6, 7.8, 1.8 Hz, 1H), 7.59 (ddd, ] = 8.5, 6.3, 1.5 Hgz,
3H), 7.52—7.42 (m, 4H), 7.42—7.35 (m, 2H), 7.32 (ddt, ] = 6.3, 4.8,
1.6 Hz, 1H).

4.4. Preparation of Iridium(lll) Complex Isomer 1. A
suspension of ligand dptzpy 1 (1.192 g, 4 mmol, 2.00 equiv) and
the dichloro-bridged diiridium(III) complex [Ir(N*C-dfppy),Cl],>
(2.432 g, 2 mmol, 1.00 equiv) in MeOH (50 mL) and CH,Cl, (S0
mL) was refluxed under an inert atmosphere of N, in the dark for 6 h.
The solution was then cooled to room temperature, and excess solid
potassium hexafluorophosphate was added to the solution. The
mixture was stirred for 30 min at room temperature, and then the
suspension was filtered and the precipitate was purified by column
chromatography with dichloromethane/methanol (40/1 v/v) to
produce isomer 1 in a yield of 63%.

Spectral data of iridium(III) complex isomer 1 are as follows. 'H
NMR (600 MHz, DMSO-dg, ppm): & 8.70 (d, J = 5.6 Hz, 1H), 8.33
(d, J = 8.5 Hz, 1H), 8.13 (dt, J = 18.8, 8.1 Hz, 2H), 8.06 (d, ] = 4.6
Hz, 2H), 7.97 (d, ] = 5.8 Hz, 1H), 7.89 (dd, J = 12.3, 6.2 Hz, 3H),
7.85=7.78 (m, 3H), 7.72=7.67 (m, 1H), 745 (t, J = 6.7 Hz, 1H),
7.40 (d, J = 8.2 Hz, 1H), 7.35—7.27 (m, 2H), 7.15—7.05 (m, 4H),
6.99—6.91 (m, 1H), 5.59 (dd, ] = 8.4, 2.1 Hz, 1H), 5.36 (dd, ] = 8.6,
2.1 Hz, 1H). *C NMR (125 MHz, DMSO-dg, ppm): 6 163.2 (d, ] =
625 Hz), 162.7 (d, ] = 6.25 Hz), 162.0 (d, ] = 12.5 Hz), 161.6, 161.4
(q, J = 46.25 Hz), 161.1 (t, ] = 11.25 Hz), 160.0 (t, ] = 13.75 Hz),
156.5, 152.1 (d, J = 6.25 Hz), 151.8, 151.6, 150.6, 144.2, 140.5 (d, ] =
13.75 Hz), 136.4, 132.4, 130.9, 130.6, 130.2, 129.4, 128.7, 127.9,
1272, 126.5, 1259 (d, J = 625 Hz), 125.1, 124.7, 113.8 (q, ] = 45.0
Hz), 99.6 (t, ] = 53.75 Hz), 98.8 (t, ] = 53.75 Hz). MS (MALDI-
TOF) [m/z]: 1016.19 (M — PFy). Anal. Calcd for C,H,¢F IrN¢P:
C, 48.48; H, 2.58; N, 8.27. Found: C, 48.41; H, 2.59; N, 8.29.

4.5. Preparation of Iridium(lll) Complex Isomer 2. The
synthesis of iridium(III) complex isomer 2 was similar to that of
iridium complex isomer 1 except that the ligand dptzpy 1 was
replaced by dptzpy 2. The yield of as-synthesized isomer 2 was 57%.

Spectral data of iridium(III) complex isomer 2 are as follows. 'H
NMR (400 MHz, DMSO-d,, ppm): & 8.84 (d, ] = 5.6 Hz, 1H), 8.40
(dd, J = 19.8, 7.1 Hz, 2H), 8.15 (t, ] = 7.0 Hz, 2H), 8.03 (dt, ] = 17.2,
8.1 Hz, 2H), 7.89 (d, ] = 7.4 Hz, 2H), 7.75 (ddd, J = 27.1, 15.0, 7.5
Hz, 4H), 7.60—7.51 (m, 1H), 7.48—7.38 (m, 2H), 7.32 (q, ] = 6.2, 5.4
Hz, 2H), 7.22 (d, ] = 7.4 Hz, 2H), 7.10 (t, ] = 7.7 Hz, 2H), 7.00 (t, ] =
10.2 Hz, 1H), 5.64 (dd, ] = 8.3, 2.2 Hz, 1H), 5.41 (dd, ] = 8.6, 2.1 Hz,
1H). *C NMR (125 MHz, DMSO-d,, ppm): § 165.5, 163.2 (d, ] =
6.25 Hz), 162.4 (d, ] = 7.5 Hz), 161.9 (d, J = 12.5 Hz), 161.6 (d, ] =
12.5 Hz), 160.0 (d, J = 13.75 Hz), 158.7, 152.0 (d, ] = 7.5 Hz), 151.7,
150.8, 149.8 (d, ] = 7.5 Hz), 149.4, 147.8, 142.1, 140.9, 133.1, 131.3,
130.0 (d, J = 17.5 Hz), 128.6, 128.0 (q, J = 52.5 Hz), 127.3, 126.4 (d,
J = 1125 Hz), 1252, 124.6, 124.1 (d, ] = 18.75 Hz), 1233 (d, ] =
20.0 Hz), 117.9, 114.1 (q, ] = 67.5 Hz), 99.9 (t, ] = 52.5 Hz), 99.0 (t,
J = 53.75 Hz). MS (MALDI-TOF) [m/z]: 1016.78 (MPFy). Anal.
Caled for CuH,gFoItNGP: C, 48.48; H, 2.58; N 8.27. Found: C,
48.72; H, 2.55; N, 8.0S.

B ASSOCIATED CONTENT

@ Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c03515.

Additional photophysical properties, TEM and ED
experiments, TGA and DSC curves, X-ray crystallo-
graphic data, and TD-DFT calculations (PDF)

https://dx.doi.org/10.1021/acs.inorgchem.0c03515
Inorg. Chem. 2021, 60, 3741-3748


https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c03515?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.0c03515/suppl_file/ic0c03515_si_001.pdf
pubs.acs.org/IC?ref=pdf
https://dx.doi.org/10.1021/acs.inorgchem.0c03515?ref=pdf

Inorganic Chemistry

pubs.acs.org/IC

Accession Codes

CCDC 2002958—2002959 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION

Corresponding Authors

Guogang Shan — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China; © orcid.org/
0000-0002-1050-219X; Email: shanggl87@nenu.edu.cn

Xinlong Wang — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China; © orcid.org/
0000-0002-5758-6351; Email: wangxl824@nenu.edu.cn

Dongxia Zhu — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China; © orcid.org/
0000-0003-3002-0144; Email: zhudx047@nenu.edu.cn

Authors

Guangfu Li — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China

Tianzhi Yang — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China

Kuizhan Shao — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China

Ying Gao — Institute for Interdisciplinary Biomass Functional
Materials Studies, Jilin Engineering Normal University,
Changchun, Jilin Province 130052, People’s Republic of
China

Zhongmin Su — Key Laboratory of Nanobiosensing and
Nanobioanalysis at Universities of Jilin Province, Department
of Chemistry, Northeast Normal University, Changchun, Jilin
Province 130024, People’s Republic of China; © orcid.org/
0000-0002-3342-1966

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.inorgchem.0c03515

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was funded by the China Postdoctoral Science
Foundation (2019M651184), the Fundamental Research
Funds for the Central Universities (2412019FZ012 and
2412019QD007), the Science and Technology Project of
Jilin Provincial Education Department (JJKH20201165K] and
JJKH20201167K]), the NSEC (No. 52073045), the Key
Scientific and Technological Project of Jilin province
(20190701010GH), the Development and Reform Commis-

3747

sion of Jilin province (2020C035-S), the National Natural
Science Foundation of China (51902124) and BSK]J201832.
D. Zhu thanks the support from Key Laboratory of
Nanobiosensing and Nanobioanalysis at Universities of Jilin
Province. The authors acknowledge the support from the Jilin
Provincial Department of Education.

B REFERENCES

(1) Chi, Z.; Zhang, X; Xu, B,; Zhou, X.; Ma, C.; Zhang, Y; Liu, S,;
Xu, J. Recent Advances in Organic MechanofluoroChromic Materials.
Chem. Soc. Rev. 2012, 41, 3878—3896.

(2) Mirzadeh, N.; Priver, S. H.; Blake, A. J.; Schmidbaur, H.;
Bhargava, S. K. Innovative Molecular Design Strategies in Materials
Science Following the Aurophilicity Concept. Chem. Rev. 2020, 120,
7551-7591.

(3) Dong, Y.; Xu, B.; Zhang, J.; Tan, X.; Wang, L.; Chen, J,; Lv, H;
Wen, S.; Li, B.; Ye, L.; Zou, B.; Tian, W. Piezochromic Luminescence
Based on the Molecular Aggregation of 9,10-bis((E)-2-(pyrid-2-
yl)vinyl)anthracene. Angew. Chem., Int. Ed. 2012, S1, 10782—1078S.

4) Sagara, Y,; Yamane, S.; Mitani, M.; Weder, C,; Kato, T.
Mechanoresponsive Luminescent Molecular Assemblies: An Emerg-
ing Class of Materials. Adv. Mater. 2016, 28, 1073—109S.

(5) Wang, C.; Li, Z. Molecular Conformation and Packing: Their
Critical Roles in the Emission Performance of Mechanochromic
Fluorescence Materials. Mater. Chem. Front. 2017, 1, 2174—2194.

(6) Xu, B.; Mu, Y.; Mao, Z.; Xie, Z.; Wu, H.; Zhang, Y.; Jin, C.; Chi,
Z.; Liu, S; Xu, J; Wu, Y. C; Lu, P. Y,; Lien, A;; Bryce, M. R.
Achieving Remarkable Mechanochromism and White-Light Emission
with Thermally Activated Delayed Fluorescence through the
Molecular Heredity Principle. Chem. Sci. 2016, 7, 2201—2206.

(7) Zhao, W.; He, Z.; Peng, Q; Lam, J. W. Y,; Ma, H;; Qiu, Z;
Chen, Y,; Zhao, Z.; Shuai, Z; Dong, Y.; Tang, B. Highly Sensitive
Switching of Solid-State Luminescence by Controlling Intersystem
Crossing. Nat. Commun. 2018, 9, 3044—3051.

(8) Liu, Y; Li, A,; Xu, S.; Xu, W,; Liu, Y.; Tian, W.; Xu, B. Reversible
Luminescent Switching in an Organic Cocrystal: Multi-Stimuli-
Induced Crystal-to-Crystal Phase Transformation. Angew. Chem., Int.
Ed. 2020, 59, 15098—15103.

(9) Yang, J.; Qin, J.; Geng, P.; Wang, J.; Fang, M.; Li, Z. Molecular
Conformation-Dependent Mechanoluminescence: Same Mechanical
Stimulus but Different Emissive Color over Time. Angew. Chem., Int.
Ed. 2018, 57 (43), 14174—14178.

(10) Xue, P,; Ding, J; Wang, P.; Lu, R. Recent Progress in the
Mechanochromism of Phosphorescent Organic Molecules and Metal
Complexes. J. Mater. Chem. C 2016, 4, 6688—6706.

(11) Ma, Z,; Wang, Z.; Meng, X,; Ma, Z.; Xu, Z.; Ma, Y,; Jia, X. A
Mechanochromic Single Crystal: Turning Two Color Changes into a
Tricolored Switch. Angew. Chem., Int. Ed. 2016, 55, 519—522.

(12) Sagara, Y.; Karman, M.; Verde-Sesto, E.; Matsuo, K.; Kim, Y,;
Tamaoki, N.; Weder, C. Rotaxanes as Mechanochromic Fluorescent
Force Transducers in Polymers. J. Am. Chem. Soc. 2018, 140, 1584—
1587.

(13) Wang, Z; Yu, F.; Chen, W.; Wang, J.; Liu, J.; Yao, C.; Zhao, J;
Dong, H.; Hu, W,; Zhang, Q. Rational Control of Charge Transfer
Excitons Toward High-Contrast Reversible Mechanoresponsive
Luminescent Switching. Angew. Chem., Int. Ed. 2020, S9, 17580—
17586.

(14) Lei, S. N.; Xiao, H.; Zeng, Y.; Tung, C. H.; Wy, L. Z.; Cong, H.
BowtieArene: A Dual Macrocycle Exhibiting Stimuli-Responsive
Fluorescence. Angew. Chem., Int. Ed. 2020, 59, 10059—10065.

(15) Seki, T.; Takamatsu, Y.; Ito, H. A Screening Approach for the
Discovery of Mechanochromic Gold(I) Isocyanide Complexes with
Crystal-to-Crystal Phase Transitions. J. Am. Chem. Soc. 2016, 138,
6252—6260.

(16) Jin, M.; Sumitani, T.; Sato, H.; Seki, T.; Ito, H. Mechanical-
Stimulation-Triggered and Solvent-Vapor-Induced Reverse Single-
Crystal-to-Single-Crystal Phase Transitions with Alterations of the
Luminescence Color. J. Am. Chem. Soc. 2018, 140, 2875—2879.

https://dx.doi.org/10.1021/acs.inorgchem.0c03515
Inorg. Chem. 2021, 60, 3741-3748


https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2002958&id=doi:10.1021/acs.inorgchem.0c03515
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2002959&id=doi:10.1021/acs.inorgchem.0c03515
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Guogang+Shan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-1050-219X
http://orcid.org/0000-0002-1050-219X
mailto:shangg187@nenu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xinlong+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-5758-6351
http://orcid.org/0000-0002-5758-6351
mailto:wangxl824@nenu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dongxia+Zhu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-3002-0144
http://orcid.org/0000-0003-3002-0144
mailto:zhudx047@nenu.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Guangfu+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tianzhi+Yang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kuizhan+Shao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ying+Gao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhongmin+Su"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-3342-1966
http://orcid.org/0000-0002-3342-1966
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c03515?ref=pdf
https://dx.doi.org/10.1039/c2cs35016e
https://dx.doi.org/10.1021/acs.chemrev.9b00816
https://dx.doi.org/10.1021/acs.chemrev.9b00816
https://dx.doi.org/10.1002/anie.201204660
https://dx.doi.org/10.1002/anie.201204660
https://dx.doi.org/10.1002/anie.201204660
https://dx.doi.org/10.1002/adma.201502589
https://dx.doi.org/10.1002/adma.201502589
https://dx.doi.org/10.1039/C7QM00201G
https://dx.doi.org/10.1039/C7QM00201G
https://dx.doi.org/10.1039/C7QM00201G
https://dx.doi.org/10.1039/C5SC04155D
https://dx.doi.org/10.1039/C5SC04155D
https://dx.doi.org/10.1039/C5SC04155D
https://dx.doi.org/10.1038/s41467-018-05476-y
https://dx.doi.org/10.1038/s41467-018-05476-y
https://dx.doi.org/10.1038/s41467-018-05476-y
https://dx.doi.org/10.1002/anie.202002220
https://dx.doi.org/10.1002/anie.202002220
https://dx.doi.org/10.1002/anie.202002220
https://dx.doi.org/10.1002/anie.201809463
https://dx.doi.org/10.1002/anie.201809463
https://dx.doi.org/10.1002/anie.201809463
https://dx.doi.org/10.1039/C6TC01503D
https://dx.doi.org/10.1039/C6TC01503D
https://dx.doi.org/10.1039/C6TC01503D
https://dx.doi.org/10.1002/anie.201507197
https://dx.doi.org/10.1002/anie.201507197
https://dx.doi.org/10.1002/anie.201507197
https://dx.doi.org/10.1021/jacs.7b12405
https://dx.doi.org/10.1021/jacs.7b12405
https://dx.doi.org/10.1002/anie.202005933
https://dx.doi.org/10.1002/anie.202005933
https://dx.doi.org/10.1002/anie.202005933
https://dx.doi.org/10.1002/anie.201913340
https://dx.doi.org/10.1002/anie.201913340
https://dx.doi.org/10.1021/jacs.6b02409
https://dx.doi.org/10.1021/jacs.6b02409
https://dx.doi.org/10.1021/jacs.6b02409
https://dx.doi.org/10.1021/jacs.7b12455
https://dx.doi.org/10.1021/jacs.7b12455
https://dx.doi.org/10.1021/jacs.7b12455
https://dx.doi.org/10.1021/jacs.7b12455
pubs.acs.org/IC?ref=pdf
https://dx.doi.org/10.1021/acs.inorgchem.0c03515?ref=pdf

Inorganic Chemistry

pubs.acs.org/IC

(17) Yang, Z.; Chi, Z.; Mao, Z.; Zhang, Y.; Liu, S.; Zhao, J.; Aldred,
M. P,; Chi, Z. Recent Advances in Mechano-Responsive Lumines-
cence of Tetraphenylethylene Derivatives with Aggregation-Induced
Emission Properties. Mater. Chem. Front. 2018, 2, 861—890.

(18) Zhang, X.; Chi, Z.; Zhang, Y.; Liu, S.; Xu, J. Recent Advances in
Mechanochromic Luminescent Metal Complexes. J. Mater. Chem. C
2013, 1, 3376—3390.

(19) Shan, G.-G.; Li, H.-B,; Cao, H.-T.; Sun, H.-Z.; Zhu, D.-X,; Su,
Z.-M. Influence of Alkyl Chain Lengths on the Properties of
Iridium(III)-Based Piezochromic Luminescent Dyes with Triazole-
Pyridine Type Ancillary Ligands. Dyes Pigm. 2013, 99, 1082—1090.

(20) Han, Y.; Cao, H.-T.; Sun, H.-Z.; Wy, Y.; Shan, G.-G.; Su, Z.-M,;
Hou, X.-G.; Liao, Y. Effect of Alkyl Chain Length on Piezochromic
Luminescence of Iridium(iii)-Based Phosphors Adopting 2-phenyl-
1H-benzoimidazole Type Ligands. J. Mater. Chem. C 2014, 2, 7648—
7655.

(21) Han, Y.; Cao, H.-T.; Sun, H.-Z.; Shan, G.-G.; Wy, Y.; Su, Z.-M,;
Liao, Y. Simultaneous Modification of N-alkyl Chains on Cyclo-
metalated and Ancillary Ligands of Cationic Iridium(iii) Complexes
towards Efficient Piezochromic Luminescence Properties. J. Mater.
Chem. C 2015, 3, 2341—2349.

(22) Zhao, K.-Y; Shan, G.-G; Fu, Q; Su, Z.-M. Tuning Emission of
AIE-Active Organometallic Ir(III) Complexes by Simple Modulation
of Strength of Donor/Acceptor on Ancillary Ligands. Organometallics
2016, 35, 3996—4001.

(23) Zhao, K.-Y.; Song, W.-L.; Yang, Y.; Duan, Y.-C.; Li, G.-F.; Shan,
G.-G,; Fu, Q.; Su, Z.-M. Synthesis of Novel Tetrazol-Pyridine Based
Cationic Ir(III) Complexes with Efficient AIE Characteristic and
Significant Mechanochromic Luminescence Behavior. Dyes Pigm.
2021, 184, 108817.

(24) Shan, G. G.; Li, H. B,; Cao, H. T.; Zhu, D. X;; Li, P; Su, Z. M,;
Liao, Y. Reversible Piezochromic Behavior of Two New Cationic
Iridium(III) Complexes. Chem. Commun. 2012, 48, 2000—2002.

(25) Shan, G.-G; Li, H.-B,; Zhu, D.-X; Su, Z.-M.; Liao, Y.
Intramolecular 7z-Stacking in Cationic Iridium(iii) Complexes with a
Triazole-Pyridine Type Ancillary Ligand: Synthesis, Photophysics,
Electrochemistry Properties and Piezochromic Behavior. J. Mater.
Chem. 2012, 22, 12736—12744.

(26) Wang, Y,; Yang, T.; Liu, X; Li, G.; Che, W.; Zhu, D.; Su, Z.
New Cationic Ir(iii) Complexes without “Any Soft Substituents”:
Aggregation-Induced Emission and Piezochromic Luminescence. J.
Mater. Chem. C 2018, 6, 12217—12223.

(27) Yang, T.; Wang, Y.; Liu, X;; Li, G.; Che, W.; Zhu, D.; Su, Z;
Bryce, M. R. Reversible Tricolour Luminescence Switching Based on
a Piezochromic Iridium(iii) Complex. Chem. Commun. 2019, SS,
14582—1458S.

(28) Li, D; Li, G; Xie, J.; Zhu, D.; Su, Z.; Bryce, M. R. Strategic
Modification of Ligands for Remarkable Piezochromic Luminescence
(PCL) Based on a Neutral Ir(iii) Phosphor. J. Mater. Chem. C 2019,
7, 10876—10880.

(29) Shan, G. G,; Li, H. B;; Qin, J. S.; Zhu, D. X; Liao, Y.; Su, Z. M.
Piezochromic Luminescent (PCL) Behavior and Aggregation-Induced
Emission (AIE) Property of a New Cationic Iridium(III) Complex.
Dalton Trans. 2012, 41, 9590—9593.

(30) Li, G;; Ren, X.; Shan, G.; Che, W.; Zhu, D.; Yan, L,; Su, Z;
Bryce, M. R. New AIE-Active Dinuclear Ir(III) Complexes with
Reversible Piezochromic Phosphorescence Behaviour. Chem. Com-
mun. 2015, 51, 13036—13039.

(31) Jiang, Y; Li, G.; Che, W,; Liu, Y.; Xu, B.; Shan, G.; Zhu, D.; Su,
Z.; Bryce, M. R. A Neutral Dinuclear Ir(iii) Complex for Anti-
Counterfeiting and Data Encryption. Chem. Commun. 2017, S3,
3022—-3025.

(32) Jiang, Y; Li, G;; Zhu, D.; Su, Z.; Bryce, M. R. An AIE-Active
Phosphorescent Ir(iii) Complex with Piezochromic Luminescence
(PCL) and Its Application for Monitoring Volatile Organic
Compounds (VOCs). J. Mater. Chem. C 2017, 5, 12189—12193.

(33) Xie, J.; Li, D.; Duan, Y,; Geng, Y,; Yang, T.; Li, G;; Zhu, D.; Su,
Z. Cationic Dinuclear Ir(III) Complexes Based on Acylhydrazine

3748

Ligands: Reversible Piezochromic Luminescence and AIE Behaviours.
Dyes Pigm. 2020, 172, 1078S5.

(34) Li, G; Zhu, D.; Wang, X; Su, Z.; Bryce, M. R. Dinuclear Metal
Complexes: Multifunctional Properties and Applications. Chem. Soc.
Rev. 2020, 49, 765—838.

(35) Nonoyama, M. Benzo[h]quinolin-10-yl-N Iridium(III) Com-
plexes. Bull. Chem. Soc. Jpn. 1974, 47, 767—768.

(36) Li, G; Wu, Y.; Shan, G.; Che, W.; Zhu, D.; Song, B.; Yan, L,;
Su, Z; Bryce, M. R New Ionic Dinuclear Ir(III) Schiff Base
Complexes with Aggregation-Induced Phosphorescent Emission
(AIPE). Chem. Commun. 2014, 50, 6977—6980.

(37) Luo, J; Xie, Z; Lam, J. W.; Cheng, L; Chen, H; Qiu, C;
Kwok, H. S.; Zhan, X,; Liu, Y.; Zhu, D.; Tang, B. Z. Aggregation-
Induced Emission of 1-methyl-1,2,3,4,5-pentaphenylsilole. Chem.
Commun. 2001, 1740—1741.

(38) Hou, X. G.; Wy, Y; Cao, H. T.; Sun, H. Z,; Li, H. B,; Shan, G.
G.; Su, Z. M. A Cationic Iridium(III) Complex with Aggregation-
Induced Emission (AIE) Properties for Highly Selective Detection of
Explosives. Chem. Commun. 2014, 50, 6031—6034.

(39) Zhao, Z.; Zhang, H,; Lam, J. W. Y.; Tang, B. Aggregation-
Induced Emission: New Vistas at the Aggregate Level. Angew. Chem.,
Int. Ed. 2020, 59, 9888—9907.

(40) Li, J; Wang, J; Li, H; Song, N.; Wang, D,; Tang, B. Z.
Supramolecular Materials Based on AIE Luminogens (AlEgens):
Construction and Applications. Chem. Soc. Rev. 2020, 49, 1144—1172.

(41) Yang, J; Chi, Z.; Zhu, W,; Tang, B. Z,; Li, Z. Aggregation-
Induced Emission: A Coming-of-Age Ceremony at the Age of
Eighteen. Sci. China: Chem. 2019, 62, 1090—1098.

(42) Shavaleev, N. M.; Monti, E.; Costa, R. D.; Scopelliti, R.; Bolink,
H. J; Orti, E;; Accorsi, G.; Armaroli, N.; Baranoff, E.; Gritzel, M.;
Nazeeruddin, M. K. Bright Blue Phosphorescence from Cationic Bis-
Cyclometalated Iridium(III) Isocyanide Complexes. Inorg. Chem.
2012, 51, 2263—2271.

(43) Monti, F.; Kessler, F.; Delgado, M.; Frey, J.; Bazzanini, F;
Accorsi, G.; Armaroli, N.; Bolink, H. J; Orti, E.; Scopelliti, R;
Nazeeruddin, M. K, Baranoff, E. Charged Bis-Cyclometalated
Iridium(III) Complexes with Carbene-Based Ancillary Ligands.
Inorg. Chem. 2013, 52, 10292—10305.

(44) Kasha, M.; Rawls, H. R.; El-Bayoumi, M. A. The Exciton Model
in Molecular. Pure Appl. Chem. 1965, 11, 371—392.

(45) ADF2013.01; SCM, Theoretical Chemistry Vrije Universiteit:
Amsterdam, The Netherlands; http://www.scm.com.

(46) Snijders, J. G.; Baerends, E. J.; Ros, P. A Perturbation Theory
Approach to Relativistic Calculations. Mol. Phys. 1979, 38, 1909—
1929.

https://dx.doi.org/10.1021/acs.inorgchem.0c03515
Inorg. Chem. 2021, 60, 3741-3748


https://dx.doi.org/10.1039/C8QM00062J
https://dx.doi.org/10.1039/C8QM00062J
https://dx.doi.org/10.1039/C8QM00062J
https://dx.doi.org/10.1039/c3tc30316k
https://dx.doi.org/10.1039/c3tc30316k
https://dx.doi.org/10.1016/j.dyepig.2013.08.015
https://dx.doi.org/10.1016/j.dyepig.2013.08.015
https://dx.doi.org/10.1016/j.dyepig.2013.08.015
https://dx.doi.org/10.1039/C4TC00993B
https://dx.doi.org/10.1039/C4TC00993B
https://dx.doi.org/10.1039/C4TC00993B
https://dx.doi.org/10.1039/C4TC02879A
https://dx.doi.org/10.1039/C4TC02879A
https://dx.doi.org/10.1039/C4TC02879A
https://dx.doi.org/10.1021/acs.organomet.6b00788
https://dx.doi.org/10.1021/acs.organomet.6b00788
https://dx.doi.org/10.1021/acs.organomet.6b00788
https://dx.doi.org/10.1016/j.dyepig.2020.108817
https://dx.doi.org/10.1016/j.dyepig.2020.108817
https://dx.doi.org/10.1016/j.dyepig.2020.108817
https://dx.doi.org/10.1039/c2cc15855h
https://dx.doi.org/10.1039/c2cc15855h
https://dx.doi.org/10.1039/c2jm30480e
https://dx.doi.org/10.1039/c2jm30480e
https://dx.doi.org/10.1039/c2jm30480e
https://dx.doi.org/10.1039/C8TC04512G
https://dx.doi.org/10.1039/C8TC04512G
https://dx.doi.org/10.1039/C9CC08545A
https://dx.doi.org/10.1039/C9CC08545A
https://dx.doi.org/10.1039/C9TC03646F
https://dx.doi.org/10.1039/C9TC03646F
https://dx.doi.org/10.1039/C9TC03646F
https://dx.doi.org/10.1039/c2dt31013a
https://dx.doi.org/10.1039/c2dt31013a
https://dx.doi.org/10.1039/C5CC04850H
https://dx.doi.org/10.1039/C5CC04850H
https://dx.doi.org/10.1039/C7CC00769H
https://dx.doi.org/10.1039/C7CC00769H
https://dx.doi.org/10.1039/C7TC04066K
https://dx.doi.org/10.1039/C7TC04066K
https://dx.doi.org/10.1039/C7TC04066K
https://dx.doi.org/10.1039/C7TC04066K
https://dx.doi.org/10.1016/j.dyepig.2019.107855
https://dx.doi.org/10.1016/j.dyepig.2019.107855
https://dx.doi.org/10.1039/C8CS00660A
https://dx.doi.org/10.1039/C8CS00660A
https://dx.doi.org/10.1246/bcsj.47.767
https://dx.doi.org/10.1246/bcsj.47.767
https://dx.doi.org/10.1039/C4CC01799D
https://dx.doi.org/10.1039/C4CC01799D
https://dx.doi.org/10.1039/C4CC01799D
https://dx.doi.org/10.1039/b105159h
https://dx.doi.org/10.1039/b105159h
https://dx.doi.org/10.1039/C3CC49395D
https://dx.doi.org/10.1039/C3CC49395D
https://dx.doi.org/10.1039/C3CC49395D
https://dx.doi.org/10.1002/anie.201916729
https://dx.doi.org/10.1002/anie.201916729
https://dx.doi.org/10.1039/C9CS00495E
https://dx.doi.org/10.1039/C9CS00495E
https://dx.doi.org/10.1007/s11426-019-9512-x
https://dx.doi.org/10.1007/s11426-019-9512-x
https://dx.doi.org/10.1007/s11426-019-9512-x
https://dx.doi.org/10.1021/ic202297h
https://dx.doi.org/10.1021/ic202297h
https://dx.doi.org/10.1021/ic400600d
https://dx.doi.org/10.1021/ic400600d
https://dx.doi.org/10.1351/pac196511030371
https://dx.doi.org/10.1351/pac196511030371
http://www.scm.com
https://dx.doi.org/10.1080/00268977900102941
https://dx.doi.org/10.1080/00268977900102941
pubs.acs.org/IC?ref=pdf
https://dx.doi.org/10.1021/acs.inorgchem.0c03515?ref=pdf

