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A new series of N-substituted tetraphenylethene-based benzimidazoles were designed and synthesized.
These compounds are blue fluorescence in crystalline state and show fast-reversible mechanochromism.
Furthermore, both of non-doped OLED devices fabricated with compounds 3b and 3c as emitters are

blue emission.
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Abstract

Four new  N-substituted tetraphenylethene-based benzimidazoledl-R-2-(4-(1,2,2-
triphenylvinyl)phenyl)-H-benzofllimidazoles (R = phenyl3g), R= 4-(tert-butyl)phenyl 8b), R =n-
butyl 3c), R = n-hexyl (3d)) were synthesized conveniently by cyclization ctem of 4-
tetraphenylenthenealdehyde withsubstitutedortho-nitroaniline. The four compounds exhibit typical
aggregation-induced emission (AIE) property withatigely high solid state absolute fluorescence
guantum yields (38.1-65.7%) and fast-recoverablechar@ochromism property with solid-state
fluorescence change between blue and yellow-grébay are thermally stable with decomposition
temperatures above 31Q. Both of multilayer electroluminescence devicasricated with compounds
3b and3c as emitters are blue emission. The turn-on voltfgievice based on compouBd is 3.3 V
with maximum luminance and current efficiency o7R4d/nf and 1.48 cd/A, respectively.

Keywords: N-substituted tetraphenylethene-based benzimidgza@ggregation-induced emission;

mechanochromism; electroluminescence
1. Introduction

In recent years, organic solid luminescent mateiiave been developed explosively due to their wide
applications in organic field-effect transistorsHEXS) [1,2], organic photovoltaics (OPVs) [3-5],
organic lasers [6-8] and sensors [9,10], espedialbrganic light-emitting diodes (OLEDs) [11-13}.
early period, aggregation-caused quenching (AC@cebriginating from the strong-n interaction
had prevented the electronic devices applicatiosome degree [14-17]. Consequently, the ACQ-activ

materials are utilized necessarily as dopants wtdoncentration in host materials and the devices
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performance parameters depend on suitable hostitlepargy combination [18,19]. Furthermore, full-
color displayis closely related to red, green, and blue (RGBpkor emission and the performance
parameters of red and green devices are excelent@nstantly refreshing record. Neverthelessgether
are great challenges in blue emitting device duthéodefect in color purity, efficiency and liferi.
Hence, the synthesis of novel effective solid-skdibe luminogens is still a hot topic for the rasbars.
Intriguingly, some solid luminogens exhibit mecham@mism property with emission change under
external physicaktimuli and possess potential applications in @btiecording, sensors and security
inks [20-22]. Mechanochromism behavior can be adeby changing the molecular structures or
solid-state molecular packing modes. The morphologhange between crystalline state and
amorphous state is usually easier enckrsible, which arises much attention recently.

Tetraphenylethylene (TPE) is one representativethef anti-ACQ effect molecules and the
modifications of TPE have been proved an efficiarty to construct new aggregation-induced
emission (AIE) luminogens with high solid-state i@éncies [23-25]. As one of the commonly
important modification strategies for organic op¢oéonic materials, the introduction of aryl okl
can improve the solubility in solvent, regulate ewllar packing structure, facilitate the film
processing of the device and bring hypsochromidt s¥fi emission [26-29]. Based on the above
considerations, we designed and synthesized a agessof phenylp-(tert-butyl)phenyl and alkyl-
substituted TPE-based benzimidazoles in the nitrgmsition (Scheme 1). ExceptifgE-active and
fast-recoverable mechanochromism bifunctional prigp¢he introduction of substituent group M
position bring bluer emitting, better solubility dargood film-forming ability compared with non-
substituted tetraphenylethene-based benzimidazf88% Then, the OLED devices using two
representative compounds were fabricated. Heredrmeport the syntheses, structures and propefties o
the new series dfi-substituted tetraphenylethene-based benzimidarokbstail.

Insert Scheme 1
2. Experimental
2.1 Materials and instrumentation
Tetrahydrofuran was purified by distillation fronedium and benzophenone ketyl under nitrogen
condition prior to use. All other reagents and sotg were purchased commercially (AR grade) and

used without further purification unless otherwgged. The THF/water mixtures with different water



fractions were prepared by slowly adding distilledter into the THF solution of samples under
ultrasound at room temperatutel NMR and™*C NMR spectra were collected on a Bruker-400 MHz
spectrometer in CDglor DMSO solutions with TMS as an internal standavthss spectra were
obtained on a Bruker Ultraflextreme MALDI TOF/TOFagss spectrometer aradJMS-Q1000GC MK

[T Ultra Quad GC/MSConcentrated solutions of the four compounds weop-dasted on quartz plate

to prepare films, and@x values of the amorphous films were determined ldly4P-TCSPC Transient
State Fluorescence Spectrometer using an integraphere. UV-vis spectra were recorded on
Shimadzu UV-3600 with a UV-VIS-NIR spectrophotometémission spectra were performed by a
HITACHI fluorescence spectrometer (F-4600). Singftestal data of compounds were selected on a
Bruker APEX Il CCDC diffractometer with graphite machromated Mo-K radiation 4 = 0.71073 A)
using thewm-scan technique. The structure was solved by dimethod with the SHELXS-97 computer
program, and refined by full-matrix least-squaresthmds (SHELXL-97) ofr%. Hydrogen atoms were
added geometrically and refined using a riding rhotteages were created by using DIAMOND
program. CCDC numbers for complex8a—3d are 1525826, 1535658, 1525827 and 1525828,
respectively, and data can be obtained free ofgehfitom the Cambridge Crystallographic Data Centre

(CCDC) or at_www.ccdc.cam.ac.uk/conts/retrievinguhtElemental analysis (C, H, N) of the dried

solid samples were carried out using an Elementarip El analyzer. The ground state geometries of
all molecules were fully optimized using densitynétional theory (DFT) at the B3LYP/6-31G(d,p)
level, as implemented in Gaussian 09W software ggekPXRD measurements were performed by
using a Bruker X-ray diffractometer (D8 Advance,r@any) with an X-ray source of CueK(l =
0.15418 A) at 40 kV and 40 mA at a scan rate o2®?(min. Cyclic voltammetry experiments were
performed with a CHI660A electrochemical work siati All measurements were carried out at room
temperature with a conventional three-electroddigoration consisting of a glassy carbon working
electrode, a platinum auxiliary electrode and aor&l reference electrode. The solvent in all
experiments was dry tetrahydrofuran and the supppslectrolyte was 0.1 M tetrabutylammonium
hexa-fluorophosphate. Th®,, values were determined as 1B ¢ E;), whereE; andE;are the anodic
and cathodic peak potentials, respectively. Alleptials reported were referenced to ferrocene which
was used as internal standard toward the end dfe@gmeriment. The glass-transition temperatufgs (

of the compounds were determined with differentiehnning calorimetry (DSC) under a nitrogen



atmosphere by using a DSC6000 (PerkinElmer). Sawpéze heated to 30C at a rate of 16C min™

and cooled at 26C min™ then heated again under the same heating corslitisrused in the initial
heating process. Decomposition temperatuligs Were determined with thermogravimetric analysis
(TGA) under a nitrogen atmosphere by using a STAB8 (NETZSCH). Samples were heated to 600
°C at a rate of 16C min™.

The devices were fabricated by vacuum depositiothefmaterials at I Torr onto indium tin
oxide (ITO) glass with a sheet resistance oft2per square. Respecting to their appropriate energy
levels, the OLEDs were fabricated with a typicaktilayer structure of ITO/NPB (40 nr8fy/ or 3c
(20 nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm). The reent density—voltage—luminancé-Y—L)
characteristics were measured using a Keithley cgouneasurement unit (Keithley 2400) with a
calibrated silicon photodiode. The EL spectra ¢ ttevices were measured using a SpectraScan
PR650 spectrophotometer. All measurements weréedaout under air at room temperature without

device encapsulation.
2.2 Synthesis

2.2.1 General procedure for synthesis of compouad&d

Under the atmosphere of nitrogen, a mixtureogho-nitroaniline (5.52 g, 40 mmol), brominated
compounds—b (40 mmol), sodiuntert-butoxide (3.84 g, 40 mmol), Pd(db4p.23 g, 0.4 mmol), B

Bu)s (0.1 g mL* in toluene, 1.2 mL, 0.6 mmol) and toluene (150 miere heated at 8T for 5-6 h.
After it cooled, water and dichloromethane wereeatdnd the organic layer was separated. Then, the
combined organic layer was dried over MgSBEinally, the crude products were purified bycsiligel
column chromatography using hexane/ethyl acetagtuast.

Compoundla was obtained as a crimson oily liquid. Yield: 6@573.0%."H-NMR (600 MHz,
dg-DMS0) 5 (ppm): 9.33 (s, 1H), 8.06 (dd,= 8.5 Hz, 1.5 Hz, 1H), 7.47 — 7.42 (m, 1H), 7.37(t
7.9 Hz, 2H), 7.27 (d) = 7.6 Hz, 2H), 7.15 () = 7.7 Hz, 2H), 6.82 (ddd} = 8.3 Hz, 7.0 Hz, 1.1 Hz,
1H). **C-NMR (151 MHz,d--DMS0) & (ppm): 142.44 (s), 139.69 (s), 136.43 (s), 133s97130.00 (s),
126.69 (s), 125.33 (s), 124.14 (s), 118.49 (s),18.7s). MALDI TOF-MS: m/z 214.26 [M]

Compoundlb was obtained as a crimson oily liquid. Yield: 8 §277.0%H-NMR (400 MHz,
dg-CDCl3) & (ppm): 9.48 (s, 1H), 8.19 (d,= 8.6 Hz, 1H), 7.43 (d] = 8.4 Hz, 2H), 7.34 (t} = 7.8 Hz,

1H), 7.20 (d,J = 8.5 Hz, 3H), 6.74 (dd] = 8.2 Hz, 7.3 Hz, 1H), 1.35 (s, 9H}C-NMR (101 MHz,ds-



CDCls) 6 (ppm): 148.92 (s), 143.56 (s), 135.88 (s), 135$6 132.87 (s), 131.03 (s), 127.21 (s),
126.62 (d,J = 3.7 Hz), 124.28 (s), 117.15 (s), 116.07 (s)584s), 31.39 (s). MALDI TOF-MS: m/z
270.21 [M[.

Compoundic was obtained as a crimson oily liquid. Yield: 58275.1%H-NMR (400 MHz,
de-CDCly) & (ppm): 8.17 (dJ) = 8.6 Hz, 1H), 8.06 (s, 1H), 7.43 (= 7.8 Hz, 1H), 6.85 (d] = 8.7 Hz,

1 H), 6.63 (dd,) = 8.2 Hz, 7.3 Hz, 1H), 3.30 (dd= 12.6 Hz, 6.7 Hz, 2H), 1.81 — 1.64 (m, 2H), 1-54
1.42 (m, 2H), 0.99 (t) = 7.3 Hz, 3H)**C-NMR (101 MHz,ds-CDCL) & (ppm):145.65 (s), 136.18 (s),
131.68 (s), 126.90 (s), 115.01 (s), 113.77 (s)732s), 31.00 (s), 20.25 (s), 13.79 (s). MALDI TOF-
MS: m/z 194.15 [M].

Compoundld was obtained as a crimson oily liquid. Yield: 63533.5%'H-NMR (400 MHz,dg-
CDCly) & (ppm): 8.17 (d,J = 8.6 Hz, 1H), 8.06 (s, 1H), 7.43 (= 7.8 Hz, 1H), 6.84 (d] = 8.7 Hz,
1H), 6.65 — 6.58 (m, 1H), 3.29 (dd= 12.5 Hz, 6.9 Hz, 2H), 1.78 — 1.68 (m, 2 H), 1(d§J = 14.1
Hz, 6.9 Hz, 2H), 1.35 (df] = 7.1 Hz, 3.4 Hz, 4H), 0.91 (,= 6.7 Hz, 3H)*C-NMR (101 MHz,d¢-
CDCly) 6 (ppm): 145.65 (s), 136.18 (s), 131.68 (s), 12¢€90115.00 (s), 113.77 (s), 77.34 (s), 77.02
(s), 76.70 (s), 43.05 (s), 31.47 (s), 28.92 (s)72€s), 22.56 (s), 14.01 (s). MALDI TOF-MS: m/z
222.19 [M+1].

2.2.2 Synthesis of compoudd

Compound2 was prepared according to the reported synthetiter and obtained as a yellowish
powder solid [31]*H-NMR (400 MHz,ds-DMSO) & (ppm): 9.86 (s, 1H), 7.66 (d) = 8.2 Hz, 2H),
7.20-7.06 (m, 11H), 7.00 (ddd,= 7.4 Hz, 3.9 Hz, 1.9 Hz, 6H}*C-NMR (101 MHz,ds-DMSO) 5
(ppm): 150.12 (s), 142.95 (dd= 25.1 Hz, 11.1 Hz), 140.05 (s), 134.59 (s), 18XH, 131.07 (dJ =
8.6 Hz), 129.52 (s), 128.77-128.02 (m), 127.41)(d,14.1 Hz). GC/MSD: m/z 360 [M]

3.2.3 General procedure for syntheses of compo8aed

Under room temperature, b&0O, (1.4 g, 8 mmol) was added in batches to a solufocompoundd

(2 mmol) and2 (0.72 g, 2 mmol) in MeCN/water (50/10 mL), them tfmixed solution was heated to
reflux for 12 h. After completion of the reactidhge reaction mixture was quenched by pouring io#o i
water. The organic layer was extracted with diahtoethane, and the combined organic layers were
washed with a saturated brine solution and watet,dried over MgSQ After filtration and solvent

evaporation, the crude product was purified byaijel column chromatography using hexane/ethyl



acetate as eluent.

Compound3a was obtained as a white powder solid. Yield: 0g7®7.0%"H-NMR (400 MHz,
de-DMSO0) 6 (ppm): 7.75 (dJ = 7.9 Hz, 1H), 7.54 (m, 3H), 7.35 (d= 7.0 Hz, 2H), 7.28 (m, 4H),
7.18 — 7.09 (m, 10H), 7.00 — 6.90 (m, 8HIC-NMR (101 MHz,de-CDCl;) & (ppm): 152.30 (s),
145.06 (s), 143.22 (dd,= 30.5 Hz, 11.2 Hz), 141.83 (s), 140.12 (s), 137d)J = 14.9 Hz), 131.61 —
130.61 (m), 129.72 (s), 128.74 (s), 128.41 (s),227dd,J = 6.1 Hz, 4.3 Hz), 127.32 (s), 126.62 {d,
= 6.3 Hz), 123.07 (dJ = 29.7 Hz), 119.73 (s), 110.34 (s). MALDI TOF-HRM@®/z 524.1883 [M].
Anal. Calcd for GgH.gN2: C, 89.28; H, 5.38; N, 5.34. Found: C, 89.31; BB,/5N, 5.32.

Compound3b was obtained as a white powder solid. Yield: g853.4%'H-NMR (400 MHz,
de-DMSO0) & (ppm): 7.74 (dJ = 7.8 Hz, 1H), 7.55 (d] = 8.4 Hz, 2H), 7.32 — 7.20 (m, 6H), 7.19 — 7.09
(m, 10H), 7.01 — 6.88 (m, 8H), 1.35 (s, 9HC-NMR (101 MHz,ds-CDCL) & (ppm): 152.29 (s),
151.50 (s), 144.94 (s), 143.26 (dbs= 35.1, 16.6 Hz), 141.70 (s), 140.17 (s), 13796 134.17 (s),
131.31 (dd,) = 11.6 Hz, 5.8 Hz), 128.72 (s), 127.78 ¢ 26.5 Hz), 126.62 (dd, = 11.5 Hz, 4.8 Hz),
122.93 (d,J = 27.3 Hz), 119.64 (s), 110.53 (s), 34.79 (s)381(s). MALDI TOF-HRMS: m/z
581.3379 [M+1]. Anal. Calcd for GsH3gN,: C, 88.93; H, 6.25; N, 4.82. Found: C, 88.92; 1286 N, 4.
73.

Compound3c was obtained as a white powder solid. Yield: 0g754.8%'H-NMR (400 MHz,
ds-DMSO0) 8 (ppm): 7.63 (tJ = 7.3 Hz, 2H), 7.54 (d] = 8.1 Hz, 2H), 7.29 — 7.12 (m, 13H), 7.03 (dd,
= 12.3 Hz, 6.4 Hz, 6H), 4.24 (,= 7.2 Hz, 2H), 1.62 — 1.51 (m, 2H), 1.07 (dds 14.5 Hz, 7.2 Hz,
2H), 0.72 (tJ = 7.2 Hz, 3H)*C-NMR (101 MHz,d-DMS0) & (ppm): 153.13 (s), 145.01 (s), 143.90
— 142.77 (m), 141.93 (s), 140.38 (s), 136.04 (31,41 (ddJ = 17.9 Hz, 14.9 Hz), 129.05 (s), 128.39
(d,J = 9.0 Hz), 127.22 (s), 122.58 (¥i= 47.3 Hz), 119.52 (s), 111.27 (s), 44.01 (s)481s), 19.55 (s),
13.74 (s). MALDI TOF-HRMS: m/z 505.2631 [M+1]Anal. Calcd for GHs.N,: C, 88.06; H, 6.39; N,
5.55. Found: C, 88.10; H, 6.37; N, 5.53.

Compound3d was obtained as a white powder solid. Yield: 0g761.5%'H-NMR (400 MHz,
de-DMSO0) § (ppm): 7.66 — 7.58 (m, 2H), 7.53 @@= 8.0 Hz, 2H), 7.30 — 7.11 (m, 13H), 7.03 (dcs
9.2 Hz, 5.2 Hz, 6H), 4.23 (@,= 7.3 Hz, 2H), 1.58 (ddl = 14.2 Hz, 7.1 Hz, 2H), 1.10 (ddd= 23.1 Hz,
13.9 Hz, 7.6 Hz, 6H), 0.78 (§,= 6.9 Hz, 3H)*C-NMR (101 MHz,d-DMSO) & (ppm): 153.11 (s),

144.97 (s), 143.26 (dd, = 27.4 Hz, 14.2 Hz), 141.93 (s), 140.37 (s), 13q%), 131.21 (dd] = 17.7



Hz, 13.3 Hz), 129.05 (d,= 9.9 Hz), 128.37 (d] = 8.4 Hz), 127.22 (s), 122.57 (@l= 48.1 Hz), 119.53
(s), 111.25 (s), 44.34 (s), 30.87 (s), 29.27 (5)92 (s), 22.33 (s), 14.21 (MALDI TOF-HRMS: m/z
533.2947 [M+1]. Anal. Calcd for GeHzgN,: C, 87.93; H, 6.81; N, 5.26. Found: C, 87.91; 826 N,

5.27.
3. Resultsand discussion

3.1 Synthesis and characterization

The synthetic procedures of the four compoundssamvn in Scheme 2. Compountia—1d were
synthesized byN-substituted reaction with starting materiagho-nitroaniline [32]. Another key
reactant 4-tetraphenylenthenealdehy@p Was obtained according to the conventional metbbd
literature [31]. Then, target compoun8s-3d were one-pot synthesized by the cyclization reactif

the intermediat® with ortho-nitroaniline derivatives in high yields. These qmunds were purified

by column chromatography followed by recrystalliaatthen characterized by standard spectroscopic
methods, from which satisfactory analysis data esponding to these compounds were obtained.
Moreover, the final compound3a—3d were also characterized by single crystal X-raffratition
analysis. Generally, four newN-substituted TPE-based benzimidazoles have beethesined

conveniently based on 4-tetraphenylenthenealdehyde.

Insert Scheme 2

3.2 Crystal structures of compoungs-3d

Insert Fig. 1
Single X-ray diffraction analysis is a good way lietter understand the relationship between the
properties and structures. Successfully, the siogtstals of compound3a—3d were obtained by the
solvent evaporation method in tetrahydrofuran/wg@s3b) and ethyl acetate/n-hexan8c{3d)
mixture. As depicted in Fig. 1, the crystal struesiof the four compounds agree well with the
expected molecular structures. The four compountlsslaow highly twisted paddle-shaped
conformations, which are similar to the reportedeTfased compounds [33,34]. In compouBas3d,
the benzimidazole segments are connected to theebernrings of TPE unit with the torsion angles of
44.20°, 34.62°, —41.87° and 39.25°, respectively.

As expected, there are not relatively strarg and N-H---N intermolecular interactions in the
7



crystal structures of the four compounds. Thereaffiteent weak C-H-+x and C-H---N intermolecular
interactions which link the molecules of compourdds3d to form two-dimensional (2D) layer-like
supramolecular structures (Fig. S1). Then, all fthe compounds adopt a fashion stacking by 2D
layers to form three-dimensional (3D) structurefy(F52). As a result, there exist interface gaps
without any intersections between adjacent tworky&herefore, under external pressure, the layers
can slip readily and the highly ordered crystalictures are destroyed, which can be responsible for

the mechanochromism phenomenon of the four commound

Insert Fig. 2

As shown in Fig. 2 and Fig. S1, the packing diagraviithese compounds show affluent weakly
intermolecular interactions. For compouBa, there are five C-H-7t interactions between hydrogen
atoms and the clouds of phenyl rings in adjacent molecules wiitances of 2.722—-2.949 A and one
C-H---N(2) interactions between N(2) atom of bendazole and hydrogen atom on phenyl ring
attaching to the N(1) atom of benzimidazole in adj@ molecule with a distance of 2.636 A. For
compound3b, there exists three C-Hs-interactions between hydrogen atoms andntheouds of
phenyl rings in adjacent molecules with distance®.879-3.272 A and one C-H---N(2) interactions
between N(2) atom of benzimidazole and hydrogematm phenyl ring of TPE unit in adjacent
molecule with a distance of 2.378 A. In packinggdéian of compoundc, there exist six C-H-f
interactions between hydrogen atoms on phenyl rorgsbutyl and ther clouds of phenyl rings in
adjacent molecules with distances of 2.701-3.11Fdt. compound3d, there exists five C-H-x-
interactions between hydrogen atoms on phenyl rargshexyl and ther clouds of phenyl rings in
adjacent molecules with a distance of 2.806—3.01bne C-H---N(2) interaction between N(2) atom
of benzimidazole and hydrogen atom on phenyl rihdBE segment in adjacent molecules with a
distance of 2.638 A and the ontyr intermolecular interactions between phenyl ringsT&E in
adjacent molecules with distances of 3.273 A. Tifleemt intermolecular interactions in the crystal
structures otompounds3a—3d contribute torestrict the molecular rotations of C-C single bamdhe
solid state, reduce the non-radiative transitionscanption and further facilitate the fluorescence
emission.

3.3 Photophysical properties



The UV-visible spectra and solid emission specfrthe four compounds are demonstrated in Fig. 3a,
3b and Fig.S4, respectively. Compour8#s-3d exhibit similar absorption behavior with two major
absorption band at 270-310 nm and 310-400 nm, ctgply (Fig. 3a). The former absorption band
corresponds to the-n* electronic transition of the molecule skeleto®EH and imidazole segment are
weak electron donor and acceptor, respectivelylatier long region absorption band is attributed t
charge transfer (CT) from the TPE core to imidazalgment, which can be compared with other some
N-containing compounds [35-37]. To study the sotvd#pendent properties of the four compounds,
we choose compoun8d as an representative and measure the absorptemtrapn different polar
solvents such as n-hexane (HEX), dichloromethar@M acetonitrile (MeCN), methanol (MeOH)
and dimethyl sulfoxide (DMSO). As displayed in F&83, slight red-shift is found for compoufd,
which is in accordance with theory calculationsggesting weak CT characteristics and poor CT
efficiency due to large torsion angles between beitazole segments and the conjoint benzene rings
of TPE unit. The absorption maxima of compourddsand 3b show a slight bathochromic shift
compared with those of compoun8s and 3d, which was attributed to the enlargement ok
conjugation with introduction of phenyl group. Asosvn in Fig. 3b, the corresponding emission peaks
of compounds8a—3d appear at 448, 454, 440 and 446 nm, respectiValy.solid photoluminescence
(PL) spectra of these four compounds display nedstiblue shift (in the range of 11 nm to 25 nm)
compared to the compounds without substituent gioufne benzimidazole unit [30]. This may be
attributed to twisted molecular conformation disity their shorterr-conjugation lengths and
weakening intermolecular interactions especially interactions [38]. The measurements of the
absolute fluorescence quantum yield&)(in crystalline state reveal that all of the compds are
strong solid state emitters with tle#& values of 38.1% foBa, 54.6% for3b, 60.4% for3c and 65.7%

for 3d, respectively. The fluorescence quantum yieldsosfipounds3c and3d are significantly larger
than those o8a and3b, which can be due to that the phenyl ring attadbdaenzimidazole segment is
favorable for the formation of C-H---N and C-Ha-intermolecular interactions, which can reduce the
fluorescence emission. In addition, the fluoreseegoantum yield of3b is higher than that of
compound3a and the same for compour@dl is higher than that of compour8t, which may be

attributed to theert-butyl group and the longer hexyl chain increasedieric hindrance in solid state.

Insert Fig. 3
9



Insert Table 1

The AIE behaviors oB8a—-3d were studied by PL spectra in THF—water mixturéth wifferent
water fractions f(,). Compounds3a—3d are highly soluble in THF and weakly emissive,isitve
particulates formed by increasing the water fractioTHF/water mixtures, leading to the changelin P
spectra. Compound3a-3d are weakly fluorescent when tlfig value is lower than 75%. After that,
with increasingf,, all the PL intensity of compounda—3d fast increases monotonously until the
measured,, up to 95% (Fig. 3c and Fig. S4). The results ofdpectra demonstrate that all these
compounds display weak emission in THF, but exhilii#nse emission in their aggregate state. This
phenomenon demonstrates that these four compouedsB-active and the invisible particulates fast
assemble in a constant fashion with the increasg. dhe restriction of intramolecular rotation (RIR)
may account for the different emission behaviortsvben their solution and aggregate state [39]. The
faint fluorescence in THF is enhanced in the agapexd)suspensiof,(= 95%) by 403-, 410-, 314- and
393-fold for compound8a—3d, respectively (Fig. 3d).

3.4 Mechanochromic properties

The mechanochromic properties of compour@s-3d were studied by solid state emission
spectroscopy and the data are summarized in Tab@othpounds3a—3d show blue emission with
wavelengths ranging from 440 nm to 454 nm in teeystalline states. Upon grinding using a spatula
or a pestle, the blue emitting solids can converyellowish green emitting solids and the emission
wavelength is red-shifted to a range from 463 n#&b nm (Fig. 4a and Fig. S5). The compouBais

3d show grindinginduced spectral red shift\f) of 21 nm, 29 nm, 23 nm and 26 nm, respectively.
After the ground samples of these four compoundsfamed with DCM vapor, the PL wavelengths
rapidly blue-shift to their original state complgtevithin a few seconds and keep stable, indicating that
the four compounds have perfect restorability whilyh sensitivity comparing to other reported
mechanochromic compounds [40-42]. The absence dfolggn bonding interaction leads to better
solubility in organic solvent such as DCM resulfeain the introduction of peripheral aryl and alkyl
substituents in the nitrogen position. This maytte main reason for these compounds sensitive to
warm solvent vapor. After several grinding-fumingcles, the PL wavelength has no obvious

abnormal changes demonstrating excellent stalgiity. S6). Given the sensitivity and stability, ke
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compounds have the potential application in orgaajmor sensor.

Compounds3a—3d at different solid states were studied by powdea¥X diffraction (PXRD) to
investigate mechanochromism phenomenon (Fig. 4b figd S5). The diffraction patterns of
compounds3a—3d in pristine solid state show sharp peaks, illusiga the crystalline state of
morphology. After grinding, the PXRD results of skecompounds show very weak diffraction signal
intensity or a broad diffuse band, indicating thla morphology change from crystalline state to
amorphous state. The PXRD spectra of ground congsidaa-3d return to display sharp peaks after
fumed with DCM vapor and these peaks coincide hitse of as-prepared crystals, demonstrating
restorability of morphology from amorphous statetgstalline state. The PXRD study illustrates that
the morphological change from the crystalline statthe amorphous state and vice versa is related t
the mechanochromism in compourgas-3d.

The single crystal structures and PXRD of the campls 3a—3d demonstrate the relationship
between solid packing structure and mechanochrpnaiperty. Due to interface gaps existing between
two adjacent layers, the crystal ordered packingcaires can be destroyed under external pressure,
which can bring to the planarization of moleculanformation [43,44], results in the increase of the

effective molecular conjugation effects and furtleads to a red-shift of emissions.

Insert Fig. 4

Insert Table 2

3.5 Theoretical calculation and electrochemicaldits

We performed quantum mechanical computations bysitlefunctional theory (DFT) calculations
using the Gaussian 09W software to further undedsthe correlation between structure and the
physical properties. The DFT calculations were graned at the B3LYP/6-31G(d,p) level of theory.
The optimized molecular structures of those compsuare shown in Fig. S7. The benzimidazole
segments are connected to the benzene rings otimPRith the torsion angles of 27.4°, 28.6°, —40.7
and 41.6°, respectively. Torsion angles of comps®edand3d are similar to that of crystal structure.
However, for compound3a and3b, torsion angles calculated by DFT method are snmalbbmpared
with that of their crystal structure. DFT calcutats illustrates that benzimidazole segment and

conjoint benzene rings of compoursand3b in ideal condition is close to coplanarity and &f@rto
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electronic cloud movement from TPE unit to benzimziole segment. The contours of the highest
occupied molecular orbital (HOMO) and lowest unqied molecular orbital (LUMO) 08a—3d are
shown in Fig. S7. Electronic distributions obseréen the frontier orbitals of compoun8a-3d are
approximately identical. The electron clouds of HOMevels are located on the whole molecule
except theN-substituted groups, which indicates peripheral tsulents have a little influence on
HOMO levels. LUMO levels of the compounds mainlgtdbuted at the imidazole segment and the
conjoint benzene ring of TPE, demonstrating weatamolecular charge transfer. The theoretical band
gaps for3a—3d are 3.81 eV, 3.81 eV, 3.90 eV and 3.90 eV, resgdygt(Table. 2).

The cyclic voltammetry (CV) measurement was perfmo investigate electrochemical
properties of the four compounds in anhydrous THiR e concentration of 1.0x10M (Fig. 5) and
the corresponding data are summarized in TablenZh® basis of the onset potentials of oxidati&n (
ase), the HOMO energy levels of these compounds waleutated with the values of 5.47, 5.42, 5.43
and 5.44 eV, respectively, using the equation HOMEEE s 4.31 eV. From the edge in absorption
spectra, the band gaps were acquired with the salfi8.17 eV foi3a, 3.17 eV for3b, 3.22 eV for3c
and 3.22 eV fo3d. The LUMO values of the four compounds can be inbthby subtraction of the
optical band gap energies from the HOMO energyl$ewéth the values of 2.30, 2.25, 2.21 and 2.22

eV, respectively.

Insert Fig. 5

3.6 Thermal properties

As shown in Fig. 6, the thermal properties of compis 3a-3d were investigated by
thermogravimetric (TGA) and differential scanninglarimetry (DSC) analyses. These compounds
show high thermal decompositiofiy) temperatures with the values of 348, 351, 319 2340°C for
compounds3a—3d, respectively. As shown in Fig. 6b, glass transitiemperaturesT{) of compounds
3a and3b are relatively high witfTy values of 87.6 and 91°C, respectively. However, compour@ts
and 3d have poor performance with thg values of 53.8 and 40.%C. The Ty and Ty values of
compounds3a and3b are higher than those of compour8tsand3d, indicating that the introduction
of phenyl andp-(tert-butyl)phenyl group is better than alkyl group moprove thermostability. Th&y

value of compoun@d is higher than that of compouBd, while theT, value of compoun@d is lower
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than that of compoun8c, which illustrates that increasing the length kkd/bchain enhances thermal
property but decreases glass transition tempetratraddition, compoun@®a shows obvious cold-
crystallization peak and corresponding crystal imglpeak, which indicates that compourgts-3d
changing from glassy state to crystalline statedéffieult. As shown in Fig. S8, different from gtine
crystal samples, the DSC curve of the ground powtéléne four compounds show a broad exothermic
peak before melting, revealing that the ground dasnpre in a metastable amorphous state and can
crystallize in the solid state upon heating. lustrates that the molecular packing patterns of

compoundsa-3d can transform from the crystalline to the amorghsiate by grinding.

Insert Fig. 6

3.7 Electroluminescence

Owing to their relatively high absolute fluorescerquantum yields and glass transition temperatures,
non-doped OLED devices based on compouidand3c were fabricated with a typical configuration
of ITO/NPB (40 nm)3b or 3c (20 nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm) withbwptimized,
where the new luminogens serve as emitters, NPBusad as hole-transporting layer and TPBi was
used as electron-transporting layer. The device®peances were summarized in Table 3. Fig. 7a and
7b plot the current density—voltage—luminanked/EL) characteristics of the OLED devick$3b) and

Il (3c), respectively. The turn-on voltagé,f) of devicel was at 3.3 V, by contrast, tNg,, of devicel |

was higher with value of 4.8 V. The low¥y, value suggests the less dissipation of energyceated
with carrier injection or transportation. For dewic it has the maximum luminance efficiency and
power efficiency of 1.48 cd/A and 1.05 Im/W, respesly, yielding a maximum luminance of 2470 cd
m? at 6.8 V. Devicd| performed dissatisfactory with a maximum luminané&43 cd cnf at 7.8 V
and the maximum luminance efficiency and powercefficy of the device are 2.28 cd/A and 1.12
Im/W, respectively. Both devices exhibit blue endaswith maximum emission peaks at 436 nm, 432
nm and the CIE coordinates of the devices are (0.0871) and (0.179, 0.149), respectively (Fig. S9
The EL spectra of compoun@b and3c are blue lighting, which are close to their crystalid PL
spectra. Besides, the PL spectrahe vacuum deposited films of compoungls and3c are sky blue
emission (Fig. S10). Therefore, the molecule stagkif compound8b and3c in devicel andll may

be nearly to their crystal state. As the literatueported, crowded and twisted conformation will
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encourage the formation of the crystalline statghim thin films in OLED devices [45]. However,
plenty of luminescent materials in OLED devicessexis amorphous state and the EL spectra are
bathochromic-shifted compared to PL spectra of tatysolid [23,45-47]. Of course, the actual
molecule stacking of luminescent materials in OLB&vices depends on many factors such as the
structural nature of materials and the fabricatiogditions of devices. The results herein indi¢he
N-substituted tetraphenylethene-based benzimidatwesin are suitable for OLEDs compared with
their non-substituted precursors as expected inecotdr design of Scheme 1. Therefore, the
reasonable modification based on TPE and its d@raais still one effective strategy for new OLED

materials.

Insert Table 3

Insert Fig. 7

4 Conclusions

In summary, we have designed and synthesized a senwes of blue-emittingN-substituted
tetraphenylethene-based benzimidazol&s—3d). All the compounds are typical AlE-active
compounds with relatively excellent absolute flemence quantum vyields (38.1-65.7%) and high
thermal stability. These compounds exhibit revéesimechanochromism behaviors under external
pressure and DCM vapor with emission changes betwées and yellow-green. Their single crystal
structures demonstrate that crystal packing strastaan be destroyed due to interfaces gaps between
layers exists in unconsolidated molecular packitrgctures. The PXRD results confirm that the
transformation of the twisted crystalline state tiee planar amorphous state is related to
mechanochromism behaviors in the compouBds3d. Multilayer OLEDs are fabricated using
compounds3b and 3c as emitting layer, which emit blue light. The OLHased on compoungb
shows a better performance with the lower turn-oltage of 3.3 V and maximum luminance of 2470
cd m2 Both OLEDs are blue emission which have the pitkapplication in flat panel display as
blue-light emitting materials and provide a refeeffor designing excellent blue-emitting molecufes

solid state.
Acknowledgements

This work was supported by the Fundamental Resed&wehds for the Central Universities

14



(2015XKZD08) and the Priority Academic Program Depenent of Jiangsu Higher Education

Institutions.
References

[1] Yuen J D, Fan J, Seifter J, Lim B, Hufschmid Heeger A J, Wudl F. High performance weak
donor—acceptor polymers in thin film transistorfeet of the acceptor on electronic properties,
ambipolar conductivity, mobility, and thermal sti#li J Am Chem Soc 2011; 133: 20799-807.

[2] O Neill M, Kelly S M. Ordered materials for ganic electronics and photonics. Adv Mater 2011;
23: 566-84.

[8] Wang N N, Yu J S, Zheng Y F, Guan Z Q, JiandY Organic photovoltaic cells based on a
medium-bandgap phosphorescent material and c@tysi®Ghem C 2012; 116: 5887-91.

[4lMaSY,FuYY,NiDB, Mao J, Xie Z Y, Tu G.LSpiro-fluorene based 3d donor towards
efficient organic photovoltaics. Chem Commun 2042;11847-49.

[5] Thompson B C, Fréchet J M J. Polymer—fullerenenposite solar cells. Angew Chem Int Edit
2008; 47: 58-77.

[6] Fan H H, Guo L, Li K F, Wong M S, Cheah K Wxdeptionally strong multiphoton-excited blue
photoluminescence and lasing from ladder-type @tiginenylene)s. J Am Chem Soc 2012; 134:
7297-300.

[7] Gorrn P, Lehnhardt M, Kowalsky W, Riedl T, Weag S. Elastically tunable self-organized organic
lasers. Adv Mater 2011; 23: 869-72.

[8] Kim H, Schulte N, Zhou G, Miillen K, Laquai B high gain and high charge carrier mobility
indenofluorene-phenanthrene copolymer for light Bfioption and organic lasing. Adv Mater
2011; 23: 894-97.

[9] Zzhu L N, Qin J G, Yang C L. New metal-coordiia-inhibited charge transfer emission for
terfluorenes: highly sensitive and selective détectfor Hg* with ratiometric “turn-on”
fluorescence response. Chem Commun 2009; 46: 8755-7

[10] Nie J, Li N, Ni Z H, Zhao Y, Zhang L F. A sétige tetraphenylethene-based fluorescent probe
for Zn*" ion involving ESIPT and CHEF processes. Tetrahedleit 2017; 58: 1980-4.

[11] Chua M H, Huang K W, Xu J W, Wu J S. Unusuatramolecular hydrogen transfer in 3,5-

di(triphenylethylenyl) BODIPY synthesis and 1,2-maitpry shift in subsequent scholl type

15



reaction. Org Lett 2015; 17: 4168-71.

[12] Qin W, Lam J W Y, Yang Z Y, Chen S M, Liang[y Zzhao W J, Kwok H S, Tang B Z. Red
emissive AIE luminogens with high hole-transportipigpperties for efficient non-doped oleds.
Chem Commun 2015; 51: 7321-4.

[13] Kim J Y, Yasuda T, Yang Y S, Adachi C. Bifuimtal star-burst amorphous molecular materials
for OLEDs: achieving highly efficient solid-statenhinescence and carrier transport induced by
spontaneous molecular orientation. Adv Mater 2@B3;2666-71.

[14] Wu K C, Ku P J, Lin C S, Shih H T, Wu F I, h@M J, Lin J J, Chen | C, Cheng C H. The
photophysical properties of dipyrenylbenzenes &edt application as exceedingly efficient blue
emitters for electroluminescent devices. Adv Fuviater 2008; 18: 67-75.

[15] Moorthy J N, Natarajan P, Venkatakrishnan Bakrly D, Chow T J. Steric inhibition afstacking:
1,3,6,8-tetraarylpyrenes as efficient blue emittarsrganic light emitting diodes (OLEDs). Org
Lett 2007; 9: 5215-8.

[16] Jakubiak R, Collison C J, Wan W C, RothberglLHsieh B R. Aggregation quenching of
luminescence in electroluminescent conjugated petgmJ Phys Chem A 1999; 103: 2394-8.

[17] Berliman | B. On an empirical correlation beémenuclear conformation and certain fluorescence
and absorption characteristics of aromatic compsuhdhys Chem 1970; 74: 3085-93.

[18] zhang R, Zzhang T F, Xu L, Han F F, Zhao Y,ANH. A new series of short axially symmetrically
and asymmetrically 1,3,6,8-tetrasubstituted pyrewiéth two types of substituents: syntheses,
structures, photophysical properties and electroiestence. J Mol Struct 2017; 1127: 237-46.

[19] Wee K R, Ahn H C, Son H J, Han W S, Kim J BBo®M® W, Kang S O. Emission color tuning and
deep blue dopant materials based on 1,6\g(enylp-(R)-phenylamino)pyrene. J Org Chem
2009; 74: 8472-5.

[20l Wang X Q, LiuQ S, Yan H, Liu Z P, Yao M G, @hg Q F, Gong S W, He W J. Piezochromic
luminescence behaviors of two new benzothiazoleniha boron difluoride complexes: intra-
and inter-molecular effects induced by hydrostatimpression. Chem Commun 2015; 51: 7497-
500.

[21] Luo X, Zhao W, Shi J, Li C, Liu Z, Bo Z, DongQ, Tang B Z. Reversible switching emissions of

tetraphenylethene derivatives among multiple colath solvent vapor, mechanical, and thermal

16



stimuli. J Phys Chem C 2012; 116: 21967-72.

[22] Sase M, Yamaguchi S, Sagara Y, Yoshikawa Itditi, Araki K. Piezochromic luminescence of
amide and ester derivatives of tetraphenylpyrende—of amide hydrogen bonds in sensitive
piezochromic response. J Mater Chem 2011; 21: &347-

[23]Chan C Y K, Lam J W Y, Zhao Z J, Chen S M,RuSung HH Y, Kwok H S, Ma Y G, Williams
I D, Tang B Z. Aggregation-induced emission, medwnomism and blue electroluminescence
of carbazole and triphenylamine-substituted etheh&tater Chem C 2014; 2: 4320-7.

[24] Jadhav T, Choi J M, Lee J Y, Dhokale B, Mig&aNon-doped blue organic light emitting devices
based on tetraphenylethylenémidazole derivatives. Org Electron 2016; 37: 4&8B-

[25] Jadhav T, Dhokale B, Patil Y, Mobin S M, MisRa Multi-stimuli responsive donor—acceptor
tetraphenylethylene substituted benzothiadiazdl®hys Chem C 2016; 120: 24030-40.

[26] Zhang Y, Lai SL, TongQ X,LoMF, NgTW, @MY, Wen ZC, He J, Jeff K S, Tang X L,
Liu W M, Ko C C, Wang P F, Lee C S. High efficienapndoped deep-blue organic light
emitting devices based on imidazaidriphenylamine derivatives. Chem Mater 2012; 24-78.

[27] Kumar N S S, Varghese S, Suresh C H, Rath ND& S. Correlation between solid-state
photophysical properties and molecular packing irsesies of indane-1,3-dione containing
butadiene derivatives. J Phys Chem C 2009; 1137-B5.

[281 HO M H, Wu Y S, Wen S W, Lee M T, Chen T M. dHily efficient deep blue organic
electroluminescent device based on 1-methyl-9,{D-aaphthyl)anthracene. Appl Phys Lett
2006; 89: 252903.

[29] Thiery S, Tondelier D, Declairieux C, Seo Geffeoy B, Jeannin O, Rault-Berthelot J, Métivier R,
Poriel C. 9,9spirobifluorene and 4-phenyl-3;8pirobifluorene: pure hydrocarbon small
molecules as hosts for efficient green and bluelF#i0¥. J Mater Chem C 2014; 2: 4156-66.

[30] zhang T F, Zzhang R, Zhang Z M, Ni Z H. A serief tetraphenylethene-based benzimidazoles:
syntheses, structures, aggregation-induced emissidrreversible mechanochromism. Rsc Adv
2016; 6: 79871-8.

[31] Zzhao N, Yang Z Y, Lam J W Y, Sung H H Y, Xig Bhen S J, Su H M, Gao M, Williams | D,
Wong K S, Tang B Z. Benzothiazolium-functionalizetraphenylethene: an AIE luminogen with

tunable solid-state emission. Chem Commun 20128887-9.

17



[32] Zzhang R, Zhao Y, Zzhang T F, Xu L, Ni Z H. Arss of short axially symmetrically 1,3,6,8-
tetrasubstituted pyrene-based green and blue esnittih 4iert-butylphenyl and arylamine
attachments. Dyes Pigments 2016; 130: 106-15.

[33] zhang Z M, Zhao Y, Zhang R, Zhang L F, ChengQ¥Ni Z H. Design and synthesis of a new
series of tetra(polycyclic aryl)ethenes: achievimggregation-induced emission and efficient
solid-state photoluminescence. Dyes Pigments 2D1%; 95-101.

[34] Chen L, Jiang Y B, Nie H, Hu R R, Kwok H S, &hg F, Qin A J, Zhao Z J, Tang B Z. Rational
design of aggregation-induced emission luminogeh wieak electron donor-acceptor interaction
to achieve highly efficient undoped bilayer OLEBss Appl Mater Inter 2014; 6: 17215-25.

[35] Chen L, Lin G W, Peng H R, Nie H, Zhuang ZShen P C, Ding S Y, Huang D J, Hu R R, Chen
S M, Huang F, Qin A J, Zhao Z J, Tang B Z. Dimdbityyl-functionalized tetraphenylethene
derivatives: efficient solid-state luminescent miale with enhanced electron-transporting ability
for nondoped OLEDs. J Mater Chem C 2016; 4: 5241-7.

[36] Shi H P, Li M, Fang L, Dong X Q, Zhang X L, e H R, Chen S M, Tang B Z. Synthesis,
aggregation-induced emission, and electroluminese@noperties of a novel emitter comprising
tetraphenylethene and carbazole moieties. Synthkt2016; 220: 356-61.

[37]1 Li R H, Xiao S Z, Li Y, Lin Q F, Zhang R H, Ao J, Yang C Y, Zou K, LiD S, Yi T.
Polymorphism-dependent and piezochromic luminesdmgsed on molecular packing of a
conjugated molecule. Chem Sci 2014; 5: 3922-8.

[38] Huang J, Sun N, Chen P Y, Tang R L, Li Q Q, M&G, Li Z. Largely blue-shifted emission
through minor structural modifications: moleculaes@n, synthesis, aggregation-induced
emission and deep-blue OLED application. Chem Comg14; 50: 2136-8.

[39]Li Z, Dong Y Q, Mi B X, Tang Y H, Haussler M,ong H, Dong Y P, LamJW Y, RenY, Sung H
H Y, Wong K S, Gao P, Williams | D, Kwok H S, Tarl§ Z. Structural control of the
photoluminescence of silole regioisomers and thaility as sensitive regiodiscriminating
chemosensors and efficient electroluminescent matded Phys Chem B 2005; 109: 10061-6.

[40] Jadhav T, Dhokale B, Patil Y, Misra R. Aggréga induced emission and mechanochromism in
tetraphenylethene substituted pyrazabole. Rsc A&d%25: 68187-91.

[41] Jadhav T, Dhokale B, Mobin S M, Misra R. Aggation induced emission and mechanochromism

18



in pyrenoimidazoles. J Mater Chem C 2015; 3: 9981-8

[42] GaoH Z, XuD F, Liu X L, Han A X, Zhou L, Zing C, Li Z, Dang J. Tetraphenylethene-bgséed
diketonate boron complex: efficient aggregationdiceld emission and high contrast
mechanofluorochromism. Dyes Pigments 2017; 139:657

[43]1Gong Y Y, TanY Q, Liu J, Lu P, Feng CF, YudhZ, LuY W, SunJ Z, He G F, Zhang Y M.
Twisted D#i-A solid emitters: efficient emission and high aaist mechanochromism. Chem
Commun 2013; 49: 4009-11.

[44] Xu B J, Chi Z G, Zhang J Y, Zhang X Q, Li H Yj X F, Liu S W, Zhang Y, Xu J R.
Piezofluorochromic and aggregation-induced-emissiompounds containing triphenylethylene
and tetraphenylethylene moieties. Chem-Asian J 2611470-8.

[45] Huang J, Sun N, Yang J, Tang R L, Li Q Q, D&, Qin J G, Li Z. Benzene-cored fluorophors
with tpe peripheries: facile synthesis, crystatima-induced blue-shifted emission, and efficient
blue luminogens for non-doped OLEDs. J Mater Chéd2222: 12001-7.

[46] Cui Y, Yin Y M, Cao H T, Zhang M, Shan G G, st Z, Wu Y, Su Z M, Xie W F. Efficient
piezochromic luminescence from tetraphenylethenactfonalized pyridine-azole derivatives
exhibiting aggregation-induced emission. Dyes Pigm2015; 119: 62-9.

[47] Yuan W Z, Tan Y Q, Gong Y Y, Lu P, Lam J W Shen X Y, Feng CF, Sung H H, Lu Y W,
Williams | D, Sun J Z, Zhang Y M, Tang B Z. Synerbgtween twisted conformation and
effective intermolecular interactions: strategy éfficient mechanochromic luminogens with high

contrast. Adv Mater 2013; 25: 2837-43.

19



Table 1 Optical properties of compound®-3d and emission wavelengths under various external

stimuli

Compounds /‘Labs(nm)/g (104 M_l Cm-l)a (DF(%)b /‘Lpristine(nm)c ;Lgrindet{nm)c /‘quming(nm)C A;“(nm)d /‘Leme/;hernf(nm)

3a 301(2.47)/333(2.63)  38.1 448 469 449 21 475/481
3b 301(2.43)/333(2.60)  54.6 454 481 453 29 479/475
3c 209(2.62)/324(2.58)  60.4 440 463 442 23 4731468
3d 299(2.59)/324(2.59)  65.7 446 472 445 26 476/471

2 Measured in pure THF? Measured in crystalline solid® Solid emission wavelength;

dA/’{:igrmded— Jprisine - Measured in THF/water mixture§, (= 95%);fMeasured in film.

Table 2 Electrochemical properties and thermostabilitgafpounds8a—3d

HOMO (eV) LUMO (eV) E, (eV)
CompoundsE2s.. (V) TdTa (°C)
ExptP Calc Exptl  Calc Expll Calc
3a 1.16 -5.47 -5.28 -2.30 -1.47 3.17 3.81 87.6/348
3b 1.11 -5.42 -5.27 -2.25 -1.46 3.17 3.81 91.1/351
3c 1.12 -5.43 -5.32 -2.21 -1.42 3.22 3.90 53.8/319
3d 1.13 -5.44 -5.35 -2.22 -1.45 3.22 3.90 40.5/340

& HOMO levels were calculated using the followinguations: HOMO =-e(Eqnser0.49 V) —4.8 eV,
where the value 0.49 V is for FOC versus SCE edeet” Estimated from the onset of the absorption

spectra: 1240, e

Table 3 Electroluminescence properties of the OL##¥ices

Device Vo(V)? EL (MM FWHMC® Lya(cd/m)® 5 (cd/A® e (IMmw)"  CIE (x,y)

I (3b) 3.3 436 85 2470 1.48 1.05 (0.180,0.171)

Il (3¢ 4.8 432 66 843 2.28 1.12 (0.179,0.149)

2 Turn-on voltage (V) at a luminance of 1 cd/fh Peak wavelength EL spectfafull-width at half
maximum;® Maximum luminance (cd/fijy ® Maximum of luminance efficiency (cd/AJ;Maximum

power efficiency.
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Fig. 2 The schematic intermolecular interactions in thastal ofcompound8a-3d, the red, blue and

yellow numbers represent C-Hg;-C-H---N andr-r interactions, respectively.
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Fig. 3(a) UV-visible spectra of the dilute solutionscoimpound8a—3d in THF (concentration: 50M).

(b) Normalized emission spectra of the compowais3drecorded in pristine solid. (c) Fluorescence
spectra of3a in THF-water mixtures with differerit, inset photograph: compoua in f,, =0 and 95%
solvents under UV illumination. (d) Plots of ¢¥ivalues versus THFA® mixtures of compound3a—
3d, where } is the PL intensity in pure THF solution. Concatitin: 50uM; EX wavelength: 350 nm;

intensity calculated at,,..
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Fig. 4 (a) Emission spectra 8k as pristine, grinded and fumed solids, inset piyatphs: compounda
in pristine (left) and ground (right) forms undel Wlumination. (b) Powder X-ray diffraction pattes

of 3ain pristine, ground and fumed forms.
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Fig. 5 Cyclic voltammograms of compoungda-3d.
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Scheme 1 Molecular modification strategy for tetraphenyktie-based benzimidazoles.
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Scheme 2 Synthetic procedures for compourBas-3d.



Highlights

e A new series of blue luminogens N-substituted tetraphenylethene-based benzimidazoles were
synthesized.

e Crysta structures, photophysical properties and theoretical calculation of compounds 3a-3d have
been studied.

e  Compounds 3a-3d show fast-reversible mechanochromism under DCM vapor condition.

e  Blue OLEDs employing compounds 3b and 3c as non-doped emitters were fabricated.



