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A series of novel tetraphenylethylene aromatics Keywords: Tetraphenylethylene; Hydrazone; Fluoresegn
acylhydrazone derivativekl, 12 and13 with 4, 8 or 12 alkyl Mesophase; Aggregation-induced emission

chains were designed and synthesized in yields e8582.
1. Introduction
15 Studies on the mesomorphic properties suggestedrtezed
Since the aggregation-induced emission (AIE) effeets
hexagonal columnar mesophase for compoudid$2 and13.
discovered by Tang's group in 2001 [1-3], tWdE
The increase in the number alkyl chains was favourable for
35 luminogens have been studied widely and appliedaiious
decreasing the phase-transition temperatures atehdirg the
research fields such as optoelectronic devicesmidaé
mesophase temperature range. Furttempdesll, 12 and 13
sensors, solid-state dyes, fluorescence probebiarithaging
20 presentedn excellent AIE effect. The fluorescence intensitie
[4-15]. Especially, due to the excellent solid-stdight-
increased by0, 84 and 43 timefor samplesll, 12 and 13,
emitting efficiency, the AIE-based multifunctionalaterials
respectively. The absolute fluorescence quanturds/igere
10 exhibited great application potential in OLED devidés-
18.7%, 27.4% and 23.8% in solid films at room terapee
18]. By decorating flexible chains on the AIE lumyems, the
and 6.7%, 24.2% and 17.3% in the mesophase. Thests
so-called AIE liquid crystals could be prepared [I9iis kind
25 suggested that the number of alkyl chains greatfiyeénced
of luminescent liquid crystals had been paid cosrsidle
the fluorescence emission and samjffewith 8 alkyl chains
attention because of the effective fusion of irgiin
exhibited the strongest fluorescence emission. Sat®@also
ss luminescent characteristic, the supramolecular rorgdion
displayed the electroluminescence performance on BDLE
and self-healing properties within a mesophase 22D, As a
device.



result, some AIE liquid crystals based on AIE comgh as tetraphenylethylene with hydrazone groups bearindfiphel
tetraphenylethylene  and  diphenylacrylonitrile,  were alkyl chains exhibited not only excellent AIE fl@scence
investigated and exhibited interesting AIE lumiregcand  properties but also a good hexagonal columnar niesap

mesomorphic properties [22-40]. 35 2. Experimental

s Among all types of liquid crystals, columnar discoti 2.1 General

liquid crystals have attracted much commercial academic The chemical reagents were obtained from Aladdin .

research interest over the years [41]. They posseie The inorganic reagents were used directly. The dcgan

cores withzn-n stacking structures, displaying high ordered solvents were purified by standard.process’ befoes TEC

columnar mesophase with fast charge carrier mobditg * analysis was done on pre-coated glass plates. Jeke200-

10 extensive application prospects in organic fielgef 300 mesh) was used for” column” chromatography. NMR

transistors, organic light-emitting diodes, orgapiiotovoltaic spectra were measured on a Bruker-ARX 400 instruntez6 a

o . . .
cells and gas sensors, etc [42-45]. Generally, thenmar C with tetramethylsilane (TMS) as internal standavthss

liquid crystals possessed symmetric and big coplarematic spectra were detected by Bruker mass spectrometeVitlV

cores. However, the AIE luminogens are usually {raspectra were examined on Varian spectrometer. Floemes

1s asymmetric and noncoplanar structures against teféeg-n Specirasgesehmeasured in a  conventional quartz cell

packing in columnar mesophase, resulting in smeotic (10-¢0x43, fim) at 2E on a Hitachi F-4500 spectrometer

nematic mesophases in most cases [22-40]. On tiee loind, equipped with a constant-temperature water bath. The

it was well known that the hydrogen bond and the edn fluorescence absolut®: values were obtained on FLS920

aromatic structure were favourable for producing ths&FIuorescence spectrometer with a 6-inch integraspiere.

20 columnar mesophase [46-48], but these strategies wer POM (Leica DMRX) was obtained on a hot stage (Linkam

applied in columnar AIE liquid crystals up to nown this THMSE 600) to observe phase transitions. Thermalyaisa

paper, in order to assure the columnar mesophdse tof the materials was carried out on DSC (Thermal Asialy

hydrazone groups with NH groups and aromatic unitsitiga Q100). XRD data were obtained from SEIFERT-FPM

multiple alkyl chains were successfully introduced the (XRD7) with Cu Ku 1.5406 A as the radiation source under

s tetraphenylethylene core for the first time. Thevelo 40 kv, 30 mA power. The particle size and distributioere

columnar AIE liquid crystals were readily constructeased measured by an ALV-5000 laser light scattering speweter

on the positive influences of these hydrazone gsoop (DLS). Benzaldehyde derivativés 4, 6 were synthesized by

columnar mesophase. Moreover, the influences déreift the reported  procedures [49].  Tetraphenylethylene

numbers of alkyl chains (4, 8 and 12) on ﬂuoreseeneotetrahydroxyl derivative8 was prepared by reacting 2,4'-

30 properties and mesomorphic properties were alsot ﬁrsdlhydroxybenzophenone in Zn TYTHF system according

investigated in detail. The results suggested ttize to the published literature [23].



9 as white powder in the yield of 75%. Tetraphenylkthyg

o~ )—cHo CH;’% Cutts0<_)—cHo tetraester derivativ®: 'H NMR (400 MHz, CDCJ) dppm:
1 2
6.83 (d,J = 8.0 Hz, 8H, ArH), 6.54 (d] = 8.0 Hz, 8H, ArH),
BrCy,Hys
HOQCHO e m— C1oHps0 CHO
HO 3 ° . CiHps0 4 444 (Sv 8H, OClz'), 414(q’ 8H’ OCE)’ 117(t’J = 80 HZ'
H CioHos!
HobCHO &» CyoHps50 CHO 20 12H, Cl'!!,), MALDI'TOF'MS (C42H44012) CaICd. fOr m/Z =
s CH3CN / K,CO4 Cord 6
740.8, foundm/z = 740.7 (M).
PH HQ OH Et0,CH,CQ OCH,CO,Et
Q O Q O Q 2.3 Synthesis of tetraphenylethylene tetraacylhydrazine
° TiCly /Zn/THE N\ BrCH,CO,Et -
Q O Q K2C0a/ MeCN O Q derivative 10
OH HO OH EtO,CH,CO 9 OCH,CO,Et o
7 8 Tetraphenylethylene tetraester derivat®¢.740 g, 1 mmol)
. - NaHy s and NH4-H,0 (1 mL) were refluxed in CHGMeOH (V/V =
H\N—<i }'N/H
'O 1:1(20 mL)) for 10 h. The TLC detection indicatddt the
— starting materials were consumed. The solvents were
O O evaporated under reduced pressure. The residue was
n— ° 1 O?JI“WNH P P
H,N O

2@or6) recrystallized in CHGIMeOH (V/V = 1:3) to give

Re Q EZHH O}KEQ Rz % tetraphenylethylene tetraacylhydrazine derivatileas white

O Q 11: Ry = Ry = H, Ry = -OCxoHas powder in the vyield of 90%. Tetraphenylethylene
— 12: Ry = H, Ry = Rg = -OCy,Hog
X6 13 Ry = Ry = Ry = -OC1Hgs tetraacylhydrazine derivativel0: 'H NMR (400 MHz,
RRa " Hwo(" OTOﬁNHN:g QRIR DMSO) dppm: 9.32 (s, 4H, NH), 6.84 (d, = 8.0 Hz, 8H,
’) C=N 2
Rs
R ArH), 6.72 (d,J = 8.0 Hz, 8H, ArH), 4.39 (s, 8H, OGH

Scheme 1 The synthetic route of compountls 12 and13 4.31(bs, 8H, Ni); MALDI-TOF-MS (CsHseNsOs) Calcd.for

s 2.2. Synthesis of tetraphenylethylene tetraester derivative 9 Mz = 684.3, foundmz = 684.3 (M).

Tetrahydroxy-tetraphenylethylen® (0.396 g, 1 mmol), 24 Synthes's of target tetraphenylethylene tetrahydrazone

anhydrous potassium carbonate (5.0 g, 36.2 mmal)ednyl derivative 11, 12and 13

bromoroacetate (2.0 mL) were added in dried acetienit The mixture of tetraphenylethylene tetraacylhydrezi

s derivative 10 (0.342 g, 0.5 mmol) and benzaldehyde

(40mL). After refluxing and stirring overnight, théLC derivative2 (4 or 6) (2 mmol) were refluxed in 20 mL of

wdetection suggested that the starting material simo CHCly/MeOH (V/V = 2:1) for 12 h with three drops of glacial

. . acetic acid as catalysts. After reaction, the sdbsemas
disappeared completely. After reaction, HCI solui{s@ mL, y

evaporated under reduced pressure and the residge wa
1 M) was dropped in reaction system, and the mixwas s recrystallized in CHGIMeOH (V/V = 1:5) for three times.

extracted with CHGI (50 mL). The organic phase was Only one dot was found on TLC plate under variousesus,

separated and concentrated. The residue was rdtizgstan indicating the good purification for product. Conupals 11,

12 and13 were obtained as white powder in the yields of 82%,
15 CHCIl/MeOH to give tetraphenylethylene tetraester denreati 84% and 85%, respectively. Compoutid FT-IR (KBr, cnil):



2923, 2853, 1681, 1602, 1508, 1269, 1177, §6BNMR As discussed above, the tetraphenylethylene aromatic
(400 MHz, CDC}) 8ppm:*H NMR (400 MHz, CDC}) ppm:
9.39 (bs, 4H, NH), 8.13 (s, 4H, CH), 7.71 {ds 8.0 Hz, 8H,
ArH), 6.91-7.02 (m, 16H, ArH), 6.72 (d,J = 8.0 Hz, 8H,
s ArH), 4.61 (s, 8H, OCH), 3.99 (s, 8H, OC}), 4.14(q, 8H, s aromatic acylhydrazone structure and the hydrogamd tof
OCH,), 0.85-1.80 (m, 92H, GHa); “C NMR (100 MHz, NH group were favourable for columnar mesophase. The
CDCl,) dppm: 164.37, 155.64, 148.34, 140.37, 132.40, 131.66
129.67, 125.70, 114.68, 114.01, 105.06, 68.13,%730.92, different numbers of peripheral alkyl chains (4,a8d 12)
29.64, 29.58, 29.41, 29.19, 29.06, 26.02, 25.983214.11; were decorated on hydrazone groups to investigage th
10 MALDI-TOF-MS (Cy;H14gNgO12) Caled. formiz = 1774.4,
found: m'z = 1774.0 (M), 1797.1 (MN&). HR-MS(ESI)
(CuuH14eNgO12)  [M+Na]™: Calcd.: 1797.1148. found:
1797.0751(M+N&) Anal. calcd. for GH14NgO12: C, 74.46; compoundd 1, 12 and13 were illustrated in Scheme 1. Firstly,
H, 8.41; N, 6.32. found: C, 74.51; H, 8.48; N, 6.21.
15 Compoundl12: FT-IR (KBr, cm'l): 2923, 2853, 1681, 1602,
1508, 1269, 1177, 808H NMR (400 MHz, CDCJ) dppm:
9.48 (bs, 4H, NH), 8.11 (s, 4H, CH), 7.45 (s, 4H, ArH}L07. in K,CO/MeCN system [46], compoundd 4 and 6 were
(d,J = 8.0 Hz, 4H, ArH), 6.84-6.97 (m].2H, ArH), 6.71 (d))
= 8.0 Hz, 8H, ArH), 4.60 (s, 8H, OG} 4.00-4.05 (m, 16H,
20 OCH,), 0.85-1.84 (m, 184H, GH.s); °C NMR (100 MHz,
CDCl,) 6ppm: 164.16, 155.55, 151.72, 150.09, 149.45, 145.54nethod [23], tetraphenylethylene tetrahydroxyl dative 8
132.77,125.79, 123.07, 121.66, 114.07, 112.34.541®9.25,
69.04, 67.07, 31.94, 29.68, 29.49, 29.45, 29.3&X9.17,
26.04, 22.71, 14.13; MALDI-TOF-MS (GH,44NgOy6) Calcd.
2s for miz = 2511.6, foundm/z = 2511.6 (M). Anal. calcd. for « tetraphenylethylene derivatiwas prepared in the yield of
CisdH244NgO46: C, 75.55; H, 9.79; N, 4.46. found: C, 75.61; H
9.73; N, 4.38. Compouni3: FT-IR (KBr, cmi'): 2924, 2853,
1684, 1593, 1502, 1297, 1180, 808 NMR (400 MHz, K,CO/MeCN system. After the aminolysis reaction of
CDCly) éppm: 9.36 (bs, 4H, NH), 8.38 (s, 4H, CH), 7.01Jd, compound9 with N,H,, the tetraphenylethylene hydrazide
30 = 8.0 Hz, 8H, ArH), 6.68-6.76 (m,16H, ArH), 4.61 (s, 8H,
OCH,), 3.95-4.10 (m, 24H, OCHl 0.86-1.86 (m, 276H,
CuH»3); *C NMR (100 MHz, CDGJ) sppm: 164.09, 155.88,
152.76, 145.62, 141.13, 132.83, 132.44, 124.35,.8121 hydrazone derivativesll, 12 and 13 were prepared by
113.95, 108.59, 74.75, 73.53, 68.80, 31.93, 30X&221,
35 29.66, 29.36, 29.31, 26.15, 26.11, 22.69, 14.10; MAL
TOF-MS(GoegH34dNgO,0) Calcd.form/z = 3248.9, foundm/z =
3247.6 (M). Anal. calcd. for GyHszdNgO,: C, 76.15; simple with recrystallization due to the high reauoti
H,10.55; N, 3.45. found: C, 76.10; H, 10.62; N,3.38.

acylhydrazone derivative$l, 12 and 13 were designed as

target compounds due to the feature that the estend

influence of multiple alkyl chains on fluorescen®perties

so and mesomorphic properties. The synthetic routéisedarget

by reacting 1-bromododecane with 4-hydroxy benzaldeh

3,4-dihydroxybenzaldehyde or 2,3,4-trihydroxybedealyde

ss conveniently prepared in yields of 86%, 88% and 80%

respectively. On the other hand, according to tterdiure

was synthesized by reacting 2,4'-dihydroxybenzophena

Zn,TiCl/THF system in vyield of 88%. Further, the

' 75% by reacting compoun8 with ethyl bromoacetate in

derivative10 was obtained in yield of 90%. Finally, based on

es the Schiff-base condensation, the target tetrapghdnyene

refluxing compound0 with compound<, 4 and6 in CHCL /

MeOH (1: 5, VIV) system. The purification process was

70 efficiency of Schiff-base condensation and thedgelvere as

high as 82%, 84% and 85%, respectively. The strastof
40 3. Results and discussion
the new compounds were characterized by FT-IR
3.1. Synthesis and characterization



spectrometryH and **C NMR spectroscopy, MALDI-TOF

mass spectrometry and elemental analysis (seeABlthe 2o
characterization data were in accordance with therictures.
For example, a pair of doublet il NMR spectra was

s observed for the tetraphenylethylene skeleton catdig the

structure for these

symmetric  tetra-substituted

compounds. 25

3.2. Mesomorphic properties
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Figure 1 The DSC traces of compound$, 12 and 13 for

cooling and second heating at a rate of@@ min.

1s Table 1 Transition temperatureSQ@) and enthalpy changes

(kJ/mol) ofcompounddl, 12 and13

compound Phase Heating scan  Cooling scan

transitiod®  T(4H) TUH)

11 cr-Col 137.8(18.5) 133.7(22.6)
Col-Iso 164.9(1.8) 162.6(2.1)

12 Cr-Col, 108.9(20.3) 99.9(18.9)
Col-lso 181.3(3.3) 177.1(2.6)

13 Cr-Col, 36.1(19.8) 34.7(18.6)
Col-lso 152.6(1.2) 141.6(1.3)

[a] Cr=crystalline, Cgfkhexagonal columnar mesophase,

Iso=isotropic.

The phase transition behavior of compouh#isl2 and13
were firstly investigated by differential scanninglarimetry
(DSC) under a nitrogen blanket at a scan rate ¢fCLOmin.
The DSC curves and the corresponding phase tramsitio

temperatures and enthalpy changes were shown ineFigur

newand Table 1, respectively. It was observed thatpmmd1l

exhibited two endothermic peaks at 13%C8and 164.9C on
heating and two exothermic peaks at 138 7and 162.6'C
upon cooling, respectively. Compount? also had two
endothermic peaks at 108°@ and 181.3C for the heating

process and two exothermic peaks at 98.and 177.£C for

30 the cooling process. Compourd@ exhibited broad thermic

peaks at low temperatures at 38Clon heating and 34.°C
on cooling, and a small thermic peak at 152.6or heating
process and 1413 for cooling process, respectively. These

results certainly implied the reversible phase dition for

3s compoundsll, 12 and 13 with the crystal phase-mesophase-

isotropic phase process. Moreover, one can see tliat
melting points of compound$l, 12 and 13 presented the
orderly change ofl1 (137.8°C) > 12 (108.9°C) > 13 (36.1

°C). After calculation, the mesophase temperaturgasirof

40 compoundsll, 12 and13 also displayed the orderly changes

of 11 (27.1°C) < 12 (72.4°C) <13 (116.5°C). These results
were in accordance with the order of the number kylal
chains of11 (4 chains) <12 (8 chains) <13 (12 chains),

suggesting that the multiple alkyl chains influethagreatly

45 the mesomorphic behavior. The more peripheral atkgins

were favourable for decreasing the phase-transition

temperatures and extending the mesophase temgeranhge.
The broad peaks and obvious hysteresis phenomena fo

compoundl13 on thermic process could be attributed to this



kind of viscous material with 12 long alkyl chainBased on = weak reflections at 2.464.26, 5.92 and 2.24, 3.88, 4.48,
these DSC data, it could be summarized that commolthd 0 respectively. Based on the Bragg equation 1.5406/(2si6),
12 and13 possessed good liquid crystalline behavior, and thehe corresponding distances for these reflectiongewe
more alkyl chains contributed to decrease the ptrassition calculated as 32.80 A, 18.91 A, 16.39 A for sanidle35.88
s temperatures and extend the mesophase temperaiigest A, 20.71 A, 17.94 A for sampl@2, and 39.40 A, 22.75 A,
The mesomorphic textures of compourids 12 and 13 19.71 A for sampld3. These data were in agreement with the
were further observed by using polarising opticatmscopy s ratios of 1:1¥3:1A4, suggesting the [g}, [di1d and [cod
(POM). Upon heating and cooling process, the phaseeflections for hexagonal columnar liquid crystals. the
transitions of Cr-Col and Col-Iso phase were distisiged  wide-region, the broad halos at) 2= 15~30 could be
woclearly. Their phase transition temperatures wereattributed to the reflections of the molten alkylamns. A
approximately in accordance with the thermic peakBD$C small reflection at 21.380or samplell, 21.80 for samplel2,
curves. During slowly cooling form the isotropic ghathe 4 20.94 for sample13 could be observedThese reflections
mesophase textures can be observed as shown ire RgAll suggested the distances of 4.15 A for sanidle 4.07 A
of them exhibited the orderly textures, which cobddseen as  samplel2 and 4.24 A sampl&3, which corresponded to the
isthe type of pseudo-confocal conic texture for calam intracolumnar distances aof-n interaction for the ordered
mesophase. This proposal was further supported by XRDhexagonal columnar liquid crystal. Moreover, thdtide
analysis. 45 parameterd) for sampledl, 12 and13 could be calculated as
37.82 A, 41.44 A and 45.50 A, respectively. These datiee
smaller than the diameter of samplds 12 and 13 (~60 A)

estimated by the CPK molecular model. These resuigt

suggest that the soft alkyl chains for these sasnptibpted

Figure 2 The POM textures of compoundd, 12 and 13 % the folding conformation and/or the interdigitation the
20 upon cooling at 156C for 11, 120°C for 12, 60 °C for 13 neighbouring columns. Thus, the possible molecstacking

(Zooming in 200 times) of hexagonal columns for these samples could bposed in

Figure 3 (using sampl&3 as representative one). Based on all

The XRD analyses for mesophase were carried oueat thth® analyses of DSC, POM and XRD results, it could be

liquid crystalne phase of samplekl, 12 and 13. The * concluded that sampldd, 12 and 13 possessed the ordered

»s corresponding XRD curves were illustrated in Figurendhe ~ Nexagonal columnar mesophase. The more alkyl chains

small-angle region, sample exhibited two strong reflections resulted in the lower phase-transition temperatares wider

and one weak reflection at 2%6@.67 and 5.3, respectively. MesOPhase temperature scopes.

Samples12 and 13 showed one strong reflection and two
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indicated that, compared with the fluorescence ire piHF
solutions, the fluorescence intensities of samplesl2 and

35 13 increased by 70, 84 and 43 times in THHmMixtures
with 95% of HO fractions, respectively. All these results
suggested that the multiple alkyl chains influenoadhe AIE

effect obviously and the sample with eight alkyl chains

Degree (2 0)

T presented the strong AIE effect. The hydrodynamie si

a0 distribution of compoundsll, 12 and 13 in solution of

w0 Figure 3 XRD traces tested at 18C for 11, 120°C for 12 H,O/THF (5:95) was also evaluated by dynamic light

15

20 UV-vis signals with absorption at 300-350 nm and 50000

and 60°C for 13, and the proposed molecular stacking modelscattering (DLS). The results showed that the hyghrathic

for hexagonal columnar mesophase of compdiid average size distribution of the compourids 12 and 13

3.3. photophysical properties

were 254 nm, 400 nm and 600 nm, which increased Igrder

s with the increase of number of alkyl chains. Thesenmmena

TPE is a well-known aggregation induced emission

luminogen (AlEgen). To investigate

could be explained by that the multiple alkyl clsadtecreased

the fluorescence
dramatically the solubility in ¥O/THF solution and enhanced

properties of samplekl, 12 and 13, their UV-vis spectra and

the aggregation abilities.

the fluorescence spectra in THF and THF / water umed

were measured. Compound$, 12 and 13 showed similar

fluorescence emission at 400-600 nm based on the S®E
cores. The fluorescence changes in different THkafer 20000
mixtures are presented in Figure 4 and the congaris

changes for fluorescencdsl{) were summarised in Figure 5. T
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25 As shown in Fig 4, the fluorescence spectra clestigwed

30 maximum emission at 95%. One can see that sarhple

the enhancement with the increase ofOHfractions in
THF/H,O mixtures. Sampledl, 12 and 13 almost did not 60000
emit in pure THF solution. But fluorescence gratiuaécame

stronger when the 4@ fractions > 30%, reaching their

exhibited the strongest fluorescence at 95% withirttensity o
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Figure 4 The fluorescence spectra of samflgsl2 and13in
THF/H,O mixtures with different fractions of & (1><105 M)
excited atl = 320 nm. (Their pictures in pure THF and
s THF/H,O (5:95) solutions were inserted).

90

—a— 11|
80 e 12

704

60
50
404

mn,

304
20
104

-10

40 60 80 100
f(vol%)

20
20

Figure 5 The ratio variationl(ly) for fluorescence intensities
of sampledl1, 12 and13 with the changes of fractions ot®
10 in THF/H,O mixtures.
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and13 (1x10° M) based on DLS measurements in solution of
H,O/THF (5:95).



70000

the strong AIE effect, leading to strong fluoreseeire solid
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Figure 7 The fluorescence spectra.,(= 320 nm) of solid

films of samplesll, 12 and 13 before and after heating at
mesophase temperatures (£680for 11, 120°C for 12 and 50

e

- i
E %

s °C for 13). (Their pictures before and after heating¥awere

inserted)

Furthermore, the fluorescence behavior of sampled2 -

and 13 in solid films at room temperature and mesophase

LUMO 5.597 eV
AE 11.406 eV
HOMO -5.809 eV

10 were investigated. Figure 7 illustrated the fluoegse spectra

11

of samples1l, 12 and 13 before and after heating the
ss Figure 8 Molecular theoretical orbital amplitude plots of

mesophase.

It can be seen that,

compared with the

films. On the other hand, the multiple alkyl chaimsre also
favourable for the orderlyr-n stacking for TPE cores,
producing the ACQ effect and resulting in the redtsind
30 decrease of fluorescence. Nevertheless, sarbplavith 8
alkyl chains still displayed strong fluorescence hwigood
fluorescence quantum yields at both room temperaturd

mesophase temperature.

LUMO 5.579 eV “LUMO 5582eV
AE 11.393 eV AE 11.390 eV
HOMO -5.814 eV HOMO -5.808 eV

12 B T

HOMO and LUMO energy levels of compounti, 12 and

fluorescence spectra in solution (Figure 4), noial red

13

shift or blue shift occurred. Samplés, 12 and 13 exhibited

15 strong fluorescence in solid films. The absoluterféscence

In order to further study the relationship of strwes and

quantum yields of sampleld, 12 and13 in solid films were

40 properties, a density functional theory (DFT) cédtion to

as high as 18.7%, 27.4% and 23.8%, respectivelyo, Alse

better understand geometry and electronics throtigh

fluorescence spectra of sampld4, 12 and 13 in the

Gaussian 03 program was performed. The optimized

mesophase showed some red shifts in comparison ath t

geometry and space diagrams for the highest oadupie

20 before heating. The fluorescence intensities absorehsed a

molecular orbital

little after heating with the absolute fluorescermpeantum

(HOMO) and the lowest unoccupied

ss molecular orbital (LUMO) were shown in Figure 8. Iinchae

yields of 6.7%, 24.2% and 17.3% for samplés12 and13,

seen that the orbital electrons of the molecule weanly

respectively. These results suggested that the etsf alkyl

distributed on the plane of the conjugated skelefoine TPE

chains influenced greatly on fluorescence quantigidy. The

nucleus,

25 alkyl chains could enhance the steric hindrance moduce

indicating

that the charge transfer between

tetraphenylethylene unit and hydrazone groups wasweak



and was consistent with its lower absorbance wavelengthperformance including brightness and efficiency,is th
Compoundsll, 12 and 13 presented similar electron cloud electroluminescence performance certainly suggehtecdhis
distributions in their HOMO and LUMO orbitals, which were kind of AIE liquid crystal possessed the potentiaplacation
in agreement with their similar UV and fluorescencecsfa s prospect for OLED device.

s based on their similar aromatic conjugated Table 2 Electroluminescent performance data of OLEDs

tetraphenylethylene skeleton. Vonset (V) Lmas (€d M?) nef(ed AY) mpl(im W) Jent (nM)  CIE oy |

14 4.541 3.898 0.0095 582 0.4338, 0.4277

3.4 Electroluminescence properties i i _ _
®Device configuration: ITO / PEDOT / emissive layer?Bl

As samplel2 exhibited the strongest fluorescence emission,
(20nm) LiF (10nm) / Al (100nm Vi turn-on voltage
10 the electroluminescence (EL) performance of sanipleas
at luminance of 1 cd  °L,x: luminance at 20 \ACurrent
representative one was investigated in an OLED device
w efficiency( no), power efficiency i,). e emission
Samplel2 was employed as the emitter with the configuration
wavelength maximum at 15 \CIE color coordinate.
of ITO / PEDOT / emissive layer (~40 nm) / TPBI (26)n

LiF (10 nm) / Al (100 nm). The key device performardata 60 S
iswere summarized in Table 2. Figures 9 (a-b) depithed 50
current density-voltage-luminance (J-V-L) charastirs of (\% 40 1
the OLED produced. The OLED of the device showed a high Ef 30+
driving voltage of 14V (Vonset, equivalent to 1 c¢m é 201
g
probably due to the unbalanced charge carrier ntyphi é 107
wthese devices. A low luminance (Lmax) of 4.54 &dfor °] . . . . . .
0 5 10 15 20 25
current efficiency ;) was 3.898 cd A and the power Valtage£ VE©
efficiency ) was 0.0059 ImW. The steady-state EL
spectrum of the device at a driving voltage of 1§Figure i:z_' ®)
9c) showed an emission peak at 582 nm. The dexiubieed ;‘Z’
2s excellent spectral stability over a wide range otraging %;3:05
=]
voltages (Figure 9d). The EL spectrum of the dedtd5V § zz:
was used to determine the CIE chromaticity coordimat . 1-5':
International Commission on Illumination (CIE) colo z::
coordinates was shown in Figure 9e. The CIE cooréat 00 14 16 18 20 22 o4

30 (0.4338, 0.4277) listed in Table 2 correspond tghtryellow Voltage£ VEO

emission. Although this device was not optimized better
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Figure 9 (a-b) J-V-L characteristics, (c) PL spectra (inset)l

4, Conclusion

wln summary, three novel tetraphenylethylene aramati
acylhydrazone derivativekl, 12 and13 with 4, 8 or 12 alkyl
chains were designed and synthesized in 82-85%syiélikir
structures were confirmed by FT-IR spectromeltyand**C
NMR spectroscopy, MALDI-TOF mass spectrometry and

15 elemental analysis. The mesomorphic properties were
investigated by DSC, POM and XRD analysis, suggesting
they had the ordered hexagonal columnar mesop/idse.
more alkyl chains contributed to decrease the phrassition
temperatures and extend the mesophase range ofeb@phase.

20 The studies on photophysical properties impliedt tha
compoundsll, 12 and13 exhibited the excellent AIE effects
and the fluorescence intensities increased7@y84 and 43
timesfor sampledll, 12 and13, respectively. Compoundd,

12 and 13 also showed good fluorescence with moderate

25 absolute fluorescence quantum yields in solid filembsoom
temperature and mesophase temperature. The absolute
fluorescence quantum yields of samg® were as high as
27.4% in solid film at room temperature and 24.29%the
mesophase. The OLED test suggested that sariple

30 possessed the electroluminescence properties,atimticthe
potential application prospect of these novel Alguid

crystals in the field of OLED device.
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Novel tetraphenylethylene acylhydrazone derivatives 11, 12 and 13 were prepared.
Compounds 11, 12 and 13 possess hexagona columnar mesophases.

Compounds 11, 12 and 13 presented excellent AIE effect.

The number of alkyl chains influences the mesophase and fluorescence emission.

Sample 12 displayed the el ectroluminescence performance on OLED device.



