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Abstract: With the development of aggregation-induced emission (AIE) in
optoelectronic devices, stimulus-responsive sensors, optical storage and bioimaging,
the design and synthesis of efficient AIE luminogens remains a challenge. Herein, a
series of asymmetric pyrene derivatives were prepared by stepwise functionalization at
the 1-, 3-positions using traditional reactions. The experimental results show that a
promising white-light emitting material (Commission Internationale de L'Eclairage
(CIE): x=0.32, y=0.31), namely TPxzPy, which has completely separated the highest
occupied molecular orbital (HOMOs) and lowest unoccupied molecular orbital
(LUMOs) distribution, was produced. Moreover, a new strategy was established to
construct pyrene-based AIE luminogens along the short axis. All compounds exhibited
higher emission efficiency in the solid or aggregated state versus in solution, especially
for TTPaPy with a competitive photoluminescence quantum yield as high as 76.2%.
The present work provides a feasible strategy to construct pyrene-based AIE materials

for optoelectronic devices.

Introduction



In recent years, the development of efficient luminescent materials has attracted more
and more attention, especially for practical applications and academic research. In
particular, organic solid luminescent materials have promising applications in
optoelectronic devices, anti-counterfeiting technology and fluorescent sensors.'™
However, the application and development of luminescent materials has been
somewhat limited due to the aggregation caused quenching (ACQ) effect in the solid
state or films and even in concentrated solution.* > In 2001, the relationship between
AIE phenomenon and the working mechanisms of restriction of intramolecular motion
(RIM), restriction of intramolecular rotation (RIR) and restriction of intramolecular
vibration (RIV) were established by Tang and other workers.® '? This work helped to
greatly broaden the research and application field of organic luminescent materials.
Pyrene is a typical polycyclic aromatic hydrocarbon (PAHs) compound, and its
planar configuration with extended sp-hybridized carbon scaffolds and ten easily
modified active sites have inspired a large number of researchers and has made pyrene
the core of choice in fundamental and applied photoelectric material research.'’ !
However, the ACQ effect impacts on the emission efficiency in pyrene-based systems
when they are aggregated or clustered.'® Much effort has been devoted to inhibiting the
ACQ behavior in pyrene-based photoelectric materials, and an effective approach was
established by employing either bulky pendant groups or propeller-shaped
frameworks.!” 2’ By benefiting from the presence of AIE luminogens (AIEgens), a
more efficient strategy that has received more attention involves the introduction of an
AIE unit to construct a twisted fragment based on the RIR mechanism.?'?? In view of
the difference in activity of the ten peripheral reactive positions at the pyrene core,”
other synthetic work has focused on regio-selectivity and purification. Typically, the 1-,
3-, 6-, and 8-positions’, 2-, 7-positions®, 4-, 5-, 9-, and 10-positions,*®?’ 1-, 3-, 5-, or
9-positions”® are preferred given their respective chemical equivalence. In stark contrast,
asymmetrical substitution at the above-mentioned positions is rather challenging due to
steric and isomerization effects. However, the excellent photoelectric properties of
asymmetrically substituted pyrene derivatives have encouraged researchers to

persevere with such efforts.”’ !



In the present work, a new series of tetraphenylethylene-fused asymmetrically 1,3-
disubstituted pyrene molecules have been designed based on our previous synthetic
strategy.’”® In particular, three tunable donor-m-acceptor (D-n-A) type pyrene-based
AlEgens were afforded by introducing different electron-donating groups at the 3-
position of the pyrene core along the short axis (Scheme 1). All the luminogens exhibit
significant solvatochromism and high photoluminescence efficiency in the solid state.
Thus, an efficient strategy to improve and tune the emission behavior has been

established with the aid of the AIE unit and intramolecular charge-transfer (ICT) theory.

TPxzPy TTPaPy TCzPy

Scheme 1. Chemical structures of the luminogens TPxzPy, TTPaPy and TCzPy.

Experimental Section

All reagents were purchased from commercial suppliers (Leyan reagent, Aladdin) and
were used without further purification. All the reactions were carried out using a round
bottom flask under a nitrogen or argon atmosphere in anhydrous solvents. 'H and '*C
NMR spectra were recorded in CDCI3 on a WJGS-037 Bruker AVANCE III 400 MHz
NMR spectrometer, using tetramethyl silane (TMS) as the internal standard. Mass
spectra were recorded on an Agilent 1290 Infinity. UV-vis absorbance and
photoluminescence (PL) spectra were recorded on a Shimadzu UV-3600 and a
Fluorescence spectrophotometer F-380A, respectively. Photoluminescence quantum

efficiencies (PLQY's) were measured using a Quantaurus-QY C11347-11.

Synthesis of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)pyrene
A mixture of 7-fert-butyl-1-bromopyrene (168.63 mg, 0.5 mmol), 1-(4-phenylboronic
acid pinacol ester)-1,2,2-triphenylethene (240.66 mg, 0.525 mmol) in toluene (15 mL)

and ethanol (4 mL) at room temperature were stirred under argon, and a 2 M aqueous



solution of K2COs3 (20 mL) and Pd (PPhs3)4 (28.89 mg, 0.025 mmol) was added. After
the mixture was stirred for 30 min. at room temperature under argon, the mixture was
heated to 90°C for 24 h with stirring. After cooling to room temperature, the mixture
was quenched with water, extracted with CH2Clz (2 x 30 mL), washed with water and
brine. The organic extracts were dried with MgSOa4 and evaporated. The residue was
purified by column chromatography eluting with CH2Cl2 /hexane (1 : 4) to afford a
white solid in 42% yield. M.P. 218-220°C; 'H NMR (400 MHz, CDCl3): (6= ppm): u
= 8.22 (s, 1H, pyrene—H), 8.19 (s, 1H, pyrene—H), 8.15 (d, J = 8.0 Hz, 1H, pyrene—H),
8.08 (d, J=9.2 Hz, 3H, pyrene—H), 8.05 (s, 2H, pyrene—H), 7.99 (d, J=9.2 Hz, 1H,
pyrene—H), 7.91 (d, /=8 Hz, 1H, pyrene—H), 7.37 (d,J= 8.4 Hz, 2H, Ph—H), 7.23—-7.08
(m, 17H, Ph—H), 1.58 (s, 9H, rBu); *C NMR (100 MHz, CDCls): 8c = 149.1, 143.8,
143.7,143.6, 142.6, 141.3,140.7, 139.2,137.3, 131.5,131.4, 131.3, 131.2, 130.8, 130.3,
129.9,128.2,127.74, 127.72, 127.6, 127.5, 127.3, 127.1, 126.54, 126.52, 126.4, 125.1,
124.9,124.4,123.1, 122.3, 121.9, 35.2, 31.9. FAB-MS: m/z calcd for CacH36 588.2817
[M*]; found 588.2808 [M"].

Synthesis of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)-3-bromopyrene
7-tert-Butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)pyrene (294.4 mg, 0.5 mmol) and
BTMABT3 (292.46 mg, 0.75 mmol) were added to a solution of CH2CIL2 (5 mL) and
MeOH (12mL). The resulting mixture was stirred at 26 °C for 16 h under a nitrogen
atmosphere. The mixture was evaporated to dryness and taken up with CH2Clz. The
organic layer was washed with H20, dried over MgSOs, filtered and evaporated to
dryness. Recrystallization afforded 310 mg of an orange solid in 92.8% yield. M.P.
250-252°C; '"H NMR (400 MHz, CDCls): (6= ppm): du = 8.40 (d, J = 9.2 Hz, 1H,
pyrene—H), 8.25 (s, 1H, pyrene—H), 8.22 (s, 1H, pyrene—H), 8.17-8.13 (t, /= 9.2 Hz,
2H, pyrene—H), 8.01 (d, J = 2.8 Hz, 2H, pyrene—H), 7.34 (d, J = 8.4 Hz, 2H, Ph—H),
7.22-=7.09 (m, 17H, Ph—H), 1.58 (s, 9H, tBu). FAB-MS: m/z calcd for CacH3sBr
666.1922 [M]; found 666.1914 [M"].



Synthesis of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)-3-(10H-phenoxazin-
10-yl)pyrene (TPxzPy)

A mixture of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)-3-bromopyrene (166.92
mg, 0.25 mmol), phenoxazine (68.7 mg, 0.375 mmol) and NaO7Bu (72.1, 0.75 mmol)
in toluene (10 mL) at room temperature was stirred under argon, and a 0.025 M aqueous
solution of P(sBu)s; (0.025 mL) and Pdx(dba)s (11.45 mg, 0.0125 mmol) was added.
After the mixture was stirred for 30 min. at room temperature under argon, the mixture
was heated to 110°C for 24 h with stirring. After cooling to room temperature, the
mixture was quenched with water, extracted with CH2Cl2 (2 x 30 mL), washed with
water and brine. The organic extracts were dried with MgSOs and evaporated. The
residue was purified by column chromatography eluting with CH2Clz /hexane (1 : 5) to
give TPxzPy (110 mg) as a yellow solid in 57.3% yield. M.P. >300°C; '"H NMR (400
MHz, DMSO-d6): (8 = ppm): ou = 8.46 (d, J = 8.0 Hz, 2H, pyrene-H), 8.33-8.25 (m,
2H, pyrene—H), 8.14-8.07 (m, 2H, pyrene—-H), 7.96 (s, 1H, pyrene—-H), 7.49 (d, J = 8.0
Hz, 2H, Ph-H), 7.26-7.03 (m, 17H, Ph—H), 6.83 (d, J = 8.0 Hz, 2H, phenoxazine—H),
6.70-6.66 (t,J= 8 Hz, 2H, phenoxazine-H), 6.54-6.50 (t, /= 8.4 Hz, 2H, phenoxazine—
H), 5.67 (d, J = 8.0 Hz, 2H, phenoxazine-H), 1.56 (s, 9H, /Bu); *C NMR (100 MHz,
CDCl): (6 =ppm): dc=149.9, 143.8, 143.78, 143.74, 143.2, 141.5, 140.6, 139.7, 138.1,
131.53, 131.51, 131.49, 131.43, 131.3, 130.8, 129.9, 129.2, 128.7, 128.5, 127.9, 127.8,
127.7, 126.8, 126.7, 126.6, 126.5, 124.9, 123.5, 123.33, 123.30, 122.9, 122.3, 113.7,
35.3,31.9. FAB-MS: m/z calcd for CssHa3NO 769.3345 [M]; found 769.3335 [M"].

Synthesis of 7-tert-butyl-1-tetra(4-(1,2,2-triphenylvinyl)phenyl)-3-(4-
diethylaminophenyl)pyrene (TTPaPy)

A mixture of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)-3-bromopyrene (233.69
mg, 0.35 mmol), 4-(diphenylamino) phenylboronic acid and pinacol ester (194.93 mg,
0.525 mmol) in toluene (12 mL) and ethanol (3 mL) at room temperature was stirred
under argon, and a 2 M aqueous solution of K2COs3 (14 mL) and Pd (PPhs)4 (20.22 mg,

0.0175 mmol) was added. After the mixture was stirred for 30 min. at room temperature



under argon, it was heated to 90°C for 24 h with stirring. After cooling to room
temperature, the mixture was quenched with water, extracted with CH2Cl2 (2 x 30 mL),
washed with water and brine. The organic extracts were dried with MgSO4 and
evaporated. The residue was purified by column chromatography eluting with CH2Clz
/hexane (1 : 5) to give TTPaPy as a yellow solid in 74.8% yield. M.P.285-287°C; 'H
NMR (400 MHz, CDCl3): (8 = ppm): éu= 8.27 (d, J=9.2 Hz, 1H, pyrene-H), 8.19 (s,
2H, pyrene—H), 8.09 (d, /= 9.2 Hz, 1H, pyrene—H), 8.03-7.98 (t,J=9.2, 2H, pyrene-
H), 7.92 (s, 1H, pyrene-H), 7.53 (d, J = 8.4 Hz, 2H, Ph-H), 7.40 (d, J = 8.0 Hz, 2H,
Ph-H), 7.34-7.29 (t, J = 8.4 Hz, 4H, Ph-H), 7.24-7.06 (m, 25H, Ph-H), 1.59 (s, 9H,
fBu); *C NMR (100 MHz, CDCls): ¢ = 149.2, 147.8, 147.1, 143.9, 143.86, 143.81,
142.7, 141.4, 140.8, 139.1, 137.0, 136.8, 135.1, 131.5, 131.47, 131.45, 131.3, 131.2,
130.0,129.4,128.9, 127.83,127.81,127.7, 127.6, 127.55, 127.50, 127.4, 126.6, 126.59,
126.55, 125.50, 125.3, 125.2, 124.6, 123.5, 123.4, 123.1, 122.2, 35.3, 32.0. FAB-MS:
m/z caled for CesHaoN 831.3865 [M']; found 831.3856 [M"].

Synthesis of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)-3-(9 H-carbazol-9-yl)
pyrene (TCzPy)

A mixture of 7-tert-butyl-1-(4-(1,2,2-triphenylvinyl)phenyl)-3-bromopyrene (233.69
mg, 0.35 mmol), carbazole (87.79 mg, 0.525 mmol) and NaOsBu (100.91mg, 1.05
mmol) in toluene (15 mL) at room temperature was stirred under argon, and a 0.035 M
aqueous solution of P(rBu)s (0.035 mL) and Pdx(dba)s (16.03 mg, 0.0175 mmol) was
added. After the mixture was stirred for 30 min. at room temperature under argon, the
mixture was heated to 110°C for 24 h with stirring. After cooling to room temperature,
the mixture was quenched with water, extracted with CH2Cl2 (2 x 30 mL), washed with
water and brine. The organic extracts were dried with MgSO4 and evaporated. The
residue was purified by column chromatography eluting with CH2Cl2 /hexane (1 : 4) to
give TCzPy (85.6 mg) as a white solid in 32.4% yield. M.P.260-262°C; 'H NMR (400
MHz, CDCl3): (6 = ppm): ou = 8.28-8.22 (m, 5H, pyrene-H), 8.12 (d, /= 9.6 Hz, 1H,
pyrene-H), 8.02 (s, 1H, pyrene-H), 7.92 (d, J=9.2 Hz, 1H, Ph-H), 7.55 (d, /= 9.2 Hz,
1H, Ph-H), 7.42 (d, J = 8.4 Hz, 2H, Ph-H), 7.36-7.32 (m, 4H, Ph-H), 7.21-7.07 (m,
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19H, Ph-H), 1.59 (s, 9H, fBu); *C NMR (100MHz, CDCl3): 8¢ =149.9, 143.7, 143.69,
143.62, 143.1, 142.4, 141.5, 140.6, 138.2, 138.14, 138.11, 135.3, 131.5, 131.4, 131.2,
130.9, 130.5, 129.9, 128.8, 128.7, 128.6, 128.4, 127.8, 127.7, 127.5, 126.7, 126.59,
126.55, 126.3, 126.0, 125.0, 123.4, 123.19, 123.15, 122.9, 122.5, 120.4, 119.9, 110.34,
84.4,31.9,24.9. FAB-MS: m/z calcd for CssHasN 753.3396 [M]; found 753.3386[M].

Results and Discussion

Synthesis and characterization

The synthetic procedures for the three luminogens TPxzPy, TTPaPy and TCzPy and
their precursors are outlined in the experimental section and in Scheme S1. A stepwise
functionalized strategy was performed by a Suzuki—Miyaura cross-coupling reaction
and a Buchwald—Hartwig amination reaction starting from two brominated
intermediates, respectively. Characterization data including 'H and 'C NMR
spectroscopy, and high-resolution mass spectrometry, and related results are given in
the Supporting Information (Figs. S1-S14, ESIT). Excellent solubility in common
organic solvents was observed for the three compounds, which will be beneficial for

applications in photoelectric materials.

Photophysical properties

The UV-vis absorption and emission properties of luminogens TPxzPy, TTPaPy and
TCzPy were studied in dilute solution and in the solid state; the parameters are listed
in Table 1. As shown in Fig. 1A, the three luminogens present two sets of absorption
bands including a high-energy band centered at 280—295 nm and a broad absorption
band with a low-energy absorption centered at 335—360 nm. The high-energy
absorption is mainly assigned to the locally excited (LE) state of the pyrene core, and
slight differences for the maximum absorption wavelength was observed at 287 nm for
TPxzPy, 291 nm for TTPaPy, 284 nm for TCzPy, which is attributed to the substituent
effect.” Comparatively speaking, the low-energy absorption band is relatively more
sensitive and affected than the high-energy band by the nature of the substituent at the

3-position of the pyrene core. The low-energy absorption band was mainly attributed



to the ICT transition along the short axis from the 3-position to the 1-position through

the n-conjugated pyrene core.’” There is an obvious red-shift from TCzPy (325 nm) to

TTPaPy (342 nm) and TPxzPy (352 nm), and this result further verifies the

adjustability of the CT transition.

Table 1. The photophysical properties of TPxzPy, TTPaPy and TCzPy.

Comp. kabs(n:n ) ME(nm) Q)FLb[C] (%) HOMOM  LUMOM  AEg oael®l  1(ns)
sollal sol®Y/solid sol®Y/solid (eV) (eV) (eV)

TPxzPy 287,352 409, 567/509 2.7/17.6 —4.59 -1.77 2.82 59 35.03

TTPaPy 291, 342 473 /476 7.4/76.2 —4.84 -1.57 3.27 10.1 2.69

TCzPy 284,325 414 /460 0.2/27.5 -5.17 -1.75 3.42 9.5 7.57

21x1073 M in THF, Aabs is the absorption band appearing at the longest wavelength.

®1x107° M in THF, e is the fluorescence band appearing at the shortest wavelength.

¢ Absolute quantum yield (+0.01-0.03).

4 B3LYP/6-31G* using Gaussian.
ok is the AIE factor defined by the following equation: aaie =ITHF/water (0:9.9, v/v)/ ITHF.
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Fig. 1. UV-vis absorption (A) and emission spectra (B) for the luminogens TPxzPy, TTPaPy and
TCzPy in THF solution and in the solid state, respectively.

Then, the emission behavior of three luminogens TPxzPy, TTPaPy and TCzPy
were recorded in diluted THF solution and in the solid state. As shown in Fig. 1B, the
three compounds exhibited distinct emission properties in dilute THF solution.
Interestingly, TPxzPy shows a dual emission while the other two luminogens revealed
a single emission color, which is attributed to the conformational isomerization of
phenoxazine in the ground state.’® Moreover, further evidence supports the above

conclusion for the absorption behavior, with varying degrees of intramolecular charge-



transfer in this system resulting in significant emission wavelength shifts of more than
150 nm (Amax em = 409 nm and 567 nm for TPxzPy, 473 nm for TTPaPy and 414 nm
for TCzPy). Specifically, the low emission wavelengths at 409 nm for TPxzPy and 414
nm for TCzPy are attributed to the monomeric emission of the pyrene unit, while the
ICT emission state plays a dominant role in the long emission wavelength at 567 nm
for TPxzPy. To further interpret the emission mechanism, a study of the solvatochromic
effect was carried out in different organic solvents of various polarities (cyclohexane,
1,4-dioxane, tetrahydrofuran (THF), dichloromethane (DCM) and dimethylformamide
(DMF)). The solvatochromic effects for all compounds basically support our
interpretation of the ICT effect.’” As shown in Fig. 2 and Figs. S15-S16 (ESIY), the
value of the red-shift of the maximum emission peak on increasing the polarity follows
the order TPxzPy > TTPaPy > TCzPy. It is exciting that a single molecular organic
near white-light-emitting compound was achieved with the CIE coordinate of x = 0.32,

v =0.31; the visual results are presented in Fig. 2B as an inset.
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Fig. 2. (A) Solvatochromism effect of emission spectra for TPxzPy in different organic solvents
with various polarities; (B) The CIE 1931 chromaticity diagram for TPxzPy. (Inset: Fluorescent
photographs of TPxzPy in cyclohexane, 1,4-dioxane, THF, DCM and DMF, respectively).

Subsequently, the emission properties were recorded in the solid state. A consistent
emission wavelength shift is present compared to the diluted solution (Amaxem = 509 nm
for TPxzPy, 476 nm for TTPaPy and 460 nm for TCzPy). All compounds revealed
various degrees of red-shift compared to their emission behavior in dilute organic

solution, which is likely the result of the differences in the molecular aggregates.”” The



fluorescence lifetimes of the three luminogens were measured to evaluate their
electronic transition in the excitation state (see Figs. S17-S19, ESIt); the value of
lifetimes (7) are in the range 2.69—35.03 ns in the solid state. A long fluorescence
lifetime, especially for TPxzPy, makes it a promising candidate for organic electronic
devices.*®

The fluorescence quantum yields (@rL) were recorded in diluted solution and the
solid state. As expected, these luminogens exhibit higher value of @rL in the solid state
(17.6% for TPxzPy, 76.2% for TTPaPy, 27.5% for TCzPy) than in solution (2.7% for
TPxzPy, 7.4% for TTPaPy, 0.2% for TCzPy). The radiative decay pathways are further
triggered by restricting the intramolecular rotations with the aid of highly twisted

conformations.*’

AIE properties

The AIE properties of the luminogens TPxzPy, TTPaPy and TCzPy were investigated
systematically in THF/H20 mixtures, and the spectra are described in Figs. 3 and S20—
S23, ESIf. Different from traditional pyrene derivatives, the above mentioned
luminogens present obvious AIE properties with high emission intensity in the
aggregated state. Taking TPxzPy as an example, two sets of emission peaks were
observed in the short-wave region centered at 395—420 nm and in the long-wave region
with a range of 500—590 nm. As shown in Fig. 3A, upon increasing the water fraction
(fw), the emission intensity is obviously enhanced. In the long-wave region, the PL
intensity of luminogen TPxzPy displayed a slight weakening and red-shift from 566
nm to 584 nm upon increasing fw from 0% to 60%, which is largely due to the ICT
emission and increased solvent polarity. When the fw in the solvent mixture increased
to 99%, the emission intensity rapidly rises by 6-fold with a larger blue-shift from 584
nm to 514 nm due to molecular aggregation (see Figs. 3B and S20 ESI¥).*’ On the other
hand, in the short-wave region, the emission intensity gradually decreased upon
increasing fw, which results from the weakened monomeric emission in the aggregated
state.”* Overall, TPxzPy is an AIE-active material with an aaie value of 5.9. Similarly,

luminogen TTPaPy exhibited typical AIE characteristics with a higher aair value
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(10.1), a red-shift from 464 nm to 490 nm and blue-shift from 490 nm to 458 nm with
the turning point fw = 60% (see Fig. S20 and S22 ESIf}). As depicted in Fig. 4, a
persistent red-shift of maximum emission wavelength and emission enhancement
approximately 10-fold (aaie =9.5) occurred during the process of increasing fw from 0%
to 99%, which is largely due to RIR. These attractive results provide a facile and

efficient strategy to design more significant molecules for practical applications.
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Fig. 3. (A) The fluorescence spectra of TPxzPy in mixed H,O/THF solutions (1 x10°® M); (B) Plots
of maximum emission wavelength and emission intensity for the long-wave region at different
fractions (0-99 vol%) for TPxzPy.
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Fig. 4. (A) The fluorescence spectra of TCzPy in mixed H>O/THF solutions (1 x 10~ M); (B) Plots
of maximum emission wavelength and emission intensity at different fractions (0—99 vol%) for
TCzPy.

Theoretical calculations
Furthermore, density functional theory (DFT) calculations were performed to evaluate

the influence of the D-m-A architectures and electron delocalization on the optical
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properties at the B3LYP/6-31G* level.*'*> The distributions and energy levels of their
HOMO and LUMO are presented in Fig. 5. For the AlEgens TPxzPy, TTPaPy and
TCzPy, similar distributions of LUMOs were observed, and the LUMOs are primarily
localized on the pyrene core and a portion of the TPE unit. In sharp contrast, the
distributions of HOMOs displayed significant differences in these asymmetrically 1,3-
disubstituted pyrene-based AlEgen systems. The HOMO of TCzPy is almost
completely localized over the entire molecule, while the HOMO is mainly distributed
at the pyrene core and triphenylamine unit. Most dramatically, a completely separated

HOMO and LUMO distribution for the AIEgen TPxzPy was present, and the HOMO
is just spread over the phenoxazine unit. As expected, distinct energy gaps (AEg)

confirmed our previous interpretation of ICT behavior in this type of AIEgens.
Moreover, it is an interesting result that the completely separated HOMOs and LUMOs,
particularly for TPxzPy, are important for efficient luminescent materials in certain
circumstances, which could facilitate the synthesis of thermally activated delayed
fluorescence (TADF) emitters by adjusting the energy gap.” Both theoretical and
experimental results show that this type of molecule exhibits competitive photophysical
properties compare to similar pyrene-based luminogens or AlEgens, in terms of
luminescence efficiency, potential application of white-light emitting material with dual

emission bands, and tunability of optoelectronic properties.
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Fig. 5. Frontier-molecular-orbital distributions and energy level diagrams for TPxzPy, TTPaPy and
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TCzPy by DFT calculations.

Conclusions

In summary, three asymmetrically 1,3-disubstituted pyrene-based AIEgens with
different electron-donating groups were prepared in reasonable yield. These AIEgens
exhibited tuneable emission properties both in dilute solution and in the solid state.
Even in related structural systems, distinct optical properties were clearly present
because of the different electron-donating groups at the 3-position of the pyrene core.
TPxzPy displayed a dual emission with near-white-light fluorescence in organic
solution, and is a rare example of a single molecular white-light emitting material. In
addition, excellent emission efficiency in the solid state or films as AIE-active molecule
makes these promising optoelectronic materials. This work provides an efficient

strategy to construct pyrene-based AIEgens along the short axis based on ICT effects.
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