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A new tetraphenylethene-based Schiff base N-5-nitrosalicylidene-4-tetraphenylethenylamine (NSTPE) was synthesized 

based on 4-tetraphenylethenylamine and 5-nitrosalicylaldehyde, and its structure was fully characterized by 1H NMR, 13C 

NMR， MS and single crystal X-ray diffraction analysis. The study of optical properties shows that the emission exhibits 

interesting “on-off-on” switching property with a U-shaped tendency when adding water into the tetrahydrofuran solution 

of NSTPE, showing twisted intramolecular charge transfer (TICT) and aggregation-induced emission (AIE) characteristics. 

Moreover, the compound exhibits reversible piezofluorochromic  properties.

1. Introduction 

 Organic photoactive functional materials have been paid 

everlasting attentions in the fields of chemistry, materials, physics, 

biology and life science due to their extensively practical and 

potential applications. Among the numerous organic photoactive 

materials, the optical switching materials under some outer stimulus 

such as light 1-5, electricity 6-12, magnetism 13, pressure 14-16, solvent 
17-20, ion 21-24, molecule 25, pH value 26-27 and temperature 28-29 have 

aroused special interest. Generally, the optical switching of single 

molecule is relatively easy to realize in very dilute solution and 

several optical switching mechanisms have been proposed. However, 

the excellent optical switching materials of solid state are very 

limited because most of the luminogens are weakly emissive due to 

the well-known aggregation caused quenching (ACQ) 30-32. In 2001, 

Tang’s group found an opposite phenomenon that is the aggregation-

induced emission (AIE) 33-38, which has become one of the mostly 

scientific hot topics very quickly. Up to date, several hundreds of 

AIE and aggregation-enhanced emission (AEE) 39-40 compounds 

have been synthesized and the corresponding possibly switching 

mechanisms also have been proposed. 

Although many compounds show interesting AIE property, much 

effort has been paid on tetraphenylethene-based compounds because 

of not only their excellent AIE properties but also their facile 

synthesis and easy functionalization. Therefore, one of the most 

effective strategies for new AIE compounds is the design and 

synthesis of new tetraphenylethene-based compounds using 

tetraphenylethene as the starting precursor. Recently, we focus on 

the combination of tetraphenylethene unit with conventional Schiff 

base functional segment to develop new AIE compounds. Herein, we 

firstly report a new tetraphenylethene-based Schiff base NSTPE by 

the reaction of 4-tetraphenylethenylamine and 5-

nitrosalicylaldehyde, which exhibits interesting “on-off-on” optical 

switching property due to the TICT 41 and AIE properties. To the 

best of our knowledge, the reports about “on-off-on” optical 

switching property are limited 42-43. In addition, compound NSTPE 

exhibits reversible piezofluorochromic properties using two different 

optical samples recrystallized from CH2Cl2 and CH3CH2OH, 

respectively 44. 

2. Experimental 

2.1. Materials and instrumentation 

In a nitrogen atmosphere, tetrahydrofuran (THF) and toluene 

(TOL) were distilled from sodium and benzophenone ketyl. 

Acetonitrile (MeCN) and dichloromethane (DCM) were distilled 

from calcium hydride. All other reagents and solvents were 

purchased commercially (AR grade) and used without further 

purification unless otherwise noted. The THF/H2O mixtures with 

different water fractions were prepared by slowly adding distilled 

water into the THF solution of samples under ultrasound at room 

temperature. 1H NMR and 13C NMR spectra were collected on a 

Bruker-400 MHz spectrometer in DMSO solution with TMS as an 

internal standard. Mass spectra were obtained on a Bruker 

Ultraflextreme MALDI TOF/TOF mass spectrometer and a Jms-

Q1000GC MKⅡUltra Quad GC/MS. UV-vis spectra were recorded 

on Shimadzu UV-3600 with a UV-VIS-NIR spectrophotometer. 

Emission spectra were performed by a HITACHI fluorescence 

spectrometer (F-4600). Crystal data of compound was selected on a 

Bruker APEX II CCDC diffractometer with graphite 

monochromated Mo-K radiation (λ = 0.71073 Å) at 298 K using the 
ω-scan technique. The structure was solved by direct methods with 

the SHELXS-97 computer program, and refined by full-matrix least-

squares methods (SHELXL-97) on F2. The ground state geometry of 

the molecule was fully optimized using density functional theory 

(DFT) at the B3LYP/6-31G (d, p) level, as implemented in Gaussian 
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Fig. 1 Crystal structure diagram of compound NSTPE. 
                           Scheme 1 Synthetic routes for NSTPE

09W 45 software package. Powder X-ray diffraction (PXRD) patterns 

were recorded on a Bruker D8 Advance X-ray diffractometer 

equipped with a Cu-Kα radiation (λ = 1.5418 Å, Cathode voltage = 

40 kV and Cathode current = 30 mA). 
2.2. Synthesis 

2.2.1. Synthesis of 4-nitrotetraphenylethene (1) 

Tetraphenylethene (TPE) (1.66 g, 5.0 mmol) was dissolved in 
ethyl acetate (70 mL). Cu(NO3)2·3H2O (1.69 g. 7.0 mmol) and 

acetic anhydride (1.34 mL, 14.1 mmol) were added into the above 

solution. The mixture was stirred at 76 oC for 8 h, cooled to room 

temperature, and quenched with water. Then, the solution was 

extracted with DCM several times. The combined organic extracts 

were dried over MgSO4, filtered, and concentrated under vacuum. 

The residue was purified by silica gel flash column chromatography 

using DCM/hexane (HEX) (1/6, v/v) as the eluent. Yield: 1.67 g, 

89%. 1H NMR (400 MHz, DMSO): δ 8.02 (2 H, d, J = 8.7 Hz), 

7.23–7.12 (11 H, m), 7.00 (6 H, dt, J = 3.7, 2.1 Hz). 13C NMR (101 

MHz, DMSO): δ 151.04, 146.05, 142.94, 139.08–138.16, 132.39, 

127.84, 123.55. GC/MSD: m/z 377 [M]+. 

2.2.2. Synthesis of 4-tetraphenylethenylamine (2) 

Compound 1 (1.5 g, 4.0 mmol), 10% Pd/C (0.60 g) and hydrazine 

monohydrate (6.00 g, 120 mmol) were added in EtOH (80 mL). The 

mixture was refluxed for 4 h, then the solid Pd/C was filtered, and 

the solvent was removed under vacuum. Yield: 1.63 g, 96%. 1H 

NMR (400 MHz, DMSO): δ 7.19–6.89 (17 H, m), 6.58 (2 H, d, J = 

8.4 Hz), 6.28 (2 H, d, J = 8.4 Hz). 13C NMR (101 MHz, DMSO): δ 

147.77, 145.23–144.04, 141.65, 138.32, 132.42–130.48, 126.61, 

113.57. GC/MSD: m/z 347 [M]+. 

2.2.3. Synthesis of N-5-nitrosalicylidene-4-

tetraphenylethenylamine (NSTPE) 

Compound 2 (0.34 g, 1.0 mmol) and 5-nitrosalicylaldehyde (0.17 

g, 1.0 mmol) in ethanol (30 mL) were refluxed for 10 min, then a 

yellow solid was precipitated. The product was filtered and washed 

several times with ethanol and then collected with a high yield of 

90%. 1H NMR (400 MHz, DMSO): δ 14.42 (s, 1H), 9.14 (s, 1H), 

8.64 (d, J = 2.9 Hz, 1H), 8.25 (dd, J = 9.2, 2.9 Hz, 1H), 7.29 (d, J = 

8.5 Hz, 2H), 7.20–6.96 (m, 18H). 13C NMR (101 MHz, DMSO): δ 

167.46, 161.68, 144.69, 143.83–143.25, 141.62, 140.21, 139.52, 

132.40, 131.64–130.99, 128.93, 128.76–128.20, 127.22, 121.48, 

118.90. MALDI TOF-MS: m/z 496.313 [M]+.  

3. Results and discussion 

3.1. Synthesis of NSTPE 

The synthetic routes of the intermediates 1 and 2 and the target 

compound NSTPE are shown in Scheme 1 using TPE as the starting 

material. It is no doubt that the directional synthesis of intermediate 

4-nitrotetraphenylethene is the key step for the preparation of the 

final product NSTPE. Herein, TPE is firstly nitrified by the mild 

nitrification system of Cu(NO3)2·3H2O and acetic anhydride in ethyl 

acetate with high selectivity and yield. The intermediate 2 is 

synthesized simply by reduction reaction of 1 with hydrazine 

monohydrate using 10% Pd/C as a catalyst, which is one typical and 

common method for the reduction of nitro to amine group. Finally, 

the target TPE-based Schiff base is conveniently synthesized by the 

reaction of compound 2 with 5-nitrosalicylaldehyde with high yield. 

In a word, the intermediates 1 and 2 and the target compound are 

obtained with high yields and their synthetic methods are convenient 

and dependable. 

3.2. Crystal structure of NSTPE 

Yellow trip-like single crystals of NSTPE suitable for single 

crystal X-ray diffraction analysis were obtained by slow evaporation 

of DCM/methanol solution. The crystal data are given in Table 1 and 

the crystal structure of NSTPE is shown in Fig. 1. It is obvious that 

the NSTPE molecule is not planar. Instead, it adopts an 

asymmetrically twisted conformation and has a propeller-like 

structure. There is a relative larger planar paddle of Schiff base 

segment composed of 4-nitrophenol unit and a phenyl ring of TPE 

and their linking bridge C=N bond. The dihedral angle between the 

4-nitrophenol unit and its linked phenyl ring of TPE is only 5.96°, 

which can be attributed to the existence of relatively strong 

intramolecular O–H---N hydrogen bond with the H---N distance of 

1.780(4) Å. The bond length of C=N is 1.280(4) Å, and the length of 

C(3)–O(1) is 1.318(4) Å. The bond angle of C(1)–N(1)–C(8) is 

122.28°. The packing diagrams of NSTPE are shown in Fig. 2. 

Though the 4-nitrophenol of two neighboring molecules are parallel 

to each other, the centroid distance of their benzene rings is 4.437(4)  
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Fig. 2 Crystal packing diagrams of compound NSTPE. 

Empirical 

formula 
C33H24N2O3 Z 2 

Formula weight 496.54 ρCalcd. (g cm–3) 1.263 

Temperature (K) 296(2) μ(Mo-Kα) (mm–1) 0.081 

Crystal system Triclinic F(000) 520 

Space group P-1 Crystal size (mm) 0.12×0.06×0.02 

a(Å) 5.616(3)  Measured 

reflections 
1343 

b(Å) 9.350(4) 
Unique reflections 

[Rint] 
1811[0.0445] 

c(Å) 25.070(10) Reflections (I > 

2σ(I)) 
1811 

α( o) 88.325(10) GOF on F2 1.000 

β(
 o) 87.442(9) R1 [I > 2sigma(I)] 0.0599 

γ(
 o) 83.160(9) wR2 (all data) 0.1165 

Volume (Å3) 1305.3(10) ρmax /ρmin(e Å–3) 0.190/–0.166 

 

 

Å (Fig. 2a), suggesting that the intermolecular π–π stacking 

interactions are very weak. In addition to the intramolecular 

hydrogen bonding, there also exist weak supramolecular C–H---O 

interactions. Firstly, two NSTPE units are connected together by C–

H---O intermolecular hydrogen bonds (2.538(4) Å for C(4)–H(4)--

-O(1)) involving 4-nitrophenol benzene ring and hydroxyl oxygen 

atom, forming supramolecular dimeric structures. Then, these 

dimeric substructures are linked by C–H---O intermolecular 

interactions to form one-dimensional supramolecular chain-like 

structure in which the TPE units distribute at the two sides of the 

chain (Fig. 2b). These weak forces help the molecules to further 

rigidify their conformation and reduce the energy loss via the 

nonradiative relaxation channel.  
3.3. Solvatochromic effect 

The UV-vis absorption and photoluminescence (PL) spectra of 

compound NSTPE in HEX, TOL, CHL (chloroform), THF, DCM 

and MeCN are shown in Fig. 3a. The λabs appears at around 360 

nm and shows an obviously blue-shift from 369 to 352 nm, which 

can be ascribed to the charge transfer from TPE unit to 4-

nitrophenol segment. The intramolecular charge transfer 46-49 was 

further confirmed by their fluorescence spectra in solvents with 

varying polarity. The fluorescence images of the corresponding 

solutions are shown in Fig. 3b. Under UV light, NSTPE emits 

relatively strong green light in HEX, TOL and THF. However, it 

emits weak yellow light in CHL and DCM. The emission becomes 

nearly invisible in highly polar media such as MeCN. Evidently, 

the PL spectra indicate that the PL intensity quickly decreases 

accompanying an obvious red shift of λem from 522 to 551 nm 

with increasing the solvent polarity, which consists with the result 

in UV spectra (Fig. S1). The effects of solvents on the emissions 

can be further evaluated by the relationship between the solvent 

polarity parameter (∆f) and Stokes shift of the absorption and 

emission maxima (Lippert−Mataga equation) 50-51. The detailed 

photophysical data are presented in Table 2. As show in Table 2, 

although the ∆f of THF is higher than that of CHL, the emission 

wavelength of NSTPE in THF is shorter than that in CHL, which 

may be due to the interactions between the solute molecules and 

the solvent molecules. From the plots of ∆υ versus ∆f, we can find 

that the slope of the fitting line for NSTPE is as high as 6204.7, 

exhibiting significant solvatochromism effect (Fig. S3). This 

shows that the charge separation and dipole moment in the excited 

state is larger than in the ground state.  
 

3.4. AIE and TICT properties 
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Fig. 3 (a) Absorption spectra of NSTPE in different organic solvents. (b) Emission spectra of NSTPE in different organic 
solvents. The insets emission images of NSTPE in HEX (a), TOL (b), THF (c),CHL (d), DCM (e) and MeCN (f) under 365 nm 
UV illumination with the concentration of 10-5 M and the excitation wavelength of 370 nm. 
 

Fig. 4 (a) PL spectra of NSTPE in H2O/THF mixtures with different water fractions. (b) Changes in PL peak intensity and 
emission images of the compound in different water fraction mixtures under 365 nm UV illumination with the 
concentration of 10-4 M and the excitation wavelength of 370 nm. 

Solvent ∆f λabs λem Stokes shift 

HEX ～0 369 522 7943.2 

TOL 0.014 367 526 8236.5 

CHL 0.149 366 545 8973.8 

THF 0.210 363 525 8500.6 

DCM 0.218 356 551 9941.1 

MeCN 0.306 352 544 10026.7 

a Abbreviations: ∆f = orientational polarizability, λabs = lowest energy 

absorption maximum and λem = emission maximum. 

The PL of NSTPE in THF and H2O/THF has been measured to 

study its solvent polarity reduced emission and AIE property (Fig. 

4). Compound NSTPE is highly soluble in THF and sparingly 

soluble in water. Different from the typical AIE compounds which 

are nearly no emission in pure THF solution, compound NSTPE 

emits obvious green light. With adding water into the THF solution 

of NSTPE, the emission intensity dramatically decreases. When the 

water content reaches to 10%, the emission is very weak 

accompanying significant red-shift, which is due to the increase of 

solvent polarity and the transformation from locally excited (LE) 

state to TICT state. Then, the emission keeps nearly “off” state until 

the content of water up to 65%. From 65% water content, the 

addition of water enhances the emission of NSTPE. Moreover, the 

emission is even stronger than its original THF solution when the 

water content is larger than 90%. In a word, with adding water into 

the THF solution of NSTPE, the emission exhibits interesting “on-

off-on” switching property with a U-shaped tendency (Fig. S4). The 

extinction coefficients of NSTPE in different water content were 

listed in Table S1. Moreover, the fluorescence quantum yields of 

NSTPE in the H2O/THF mixtures were measured, which displays 

the “on-off-on” switching property predictably (Table S1). To 

clearly elucidate the extraordinary phenomenon of NSTPE in 

H2O/THF mixtures with different water fractions, quantum chemical 

optimization on their energy levels based on DFT/B3LYP/6-31G (d, 
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Fig. 6 (a) Fluorescence images of the powders: (A) NSTPE recrystal of DCM; (B) NSTPE recrystal of EtOH; (G) ground sample. (b) The 

normalized PL spectra of the three powders. (c) Change in the PL spectra of A by grinding–fuming process; (d) Change in the PL 

spectra of B by fuming process. 

                                               
Fig. 5 Molecular orbital amplitude plots of the HOMO and LUMO of 
NSTPE calculated by using the B3LYP/6-31G basis set 
. 

p) using Gaussian09 was conducted. The highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO) diagrams of NSTPE are shown in Fig. 5. The HOMO of 

NSTPE is basically distributed over the TPE unit and the central 

C=N group, and the LUMO of NSTPE is mainly located at 4-

nitrophenol unit and its neighboring one phenyl ring of TPE, which 

indicates that the NSTPE has an obvious tendency to form TICT 

state. According to the Franck–Condon principle, in the LE state, the 

molecule takes a planar conformation which is stabilized by the 

electronic conjugation in a nonpolar solvent. While in a polar 

solvent, intramolecular rotation brings the luminogen from the LE 

state to the TICT state, at which there is a total charge separation 

between D and A units. Then the twisted conformation is stabilized 

by the solvating effect of the polar solvent, which narrows the band 

gap and consequently red-shifts emission spectra (Fig. S1). TICT 

state is more likely to relax by nonradiative processes than by 

fluorescence emission in most cases, leading to the lower PL 

intensity in polar environments. But in aggregated state, 

intramolecular rotation is completely restricted and the molecule 

attains relatively planar aggregated geometry where energy loss due 

to TICT is hindered 52. 

 

3.5. Piezofluorochromism 

To further study the influence of aggregation morphology on 

emission, the recrystalliztion and grinding-fuming operations on 

compound NSTPE were carried out. Miraculously, there are two 

kinds emission for compound NSTPE when recrystallizing the 
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Fig. 7 PXRD patterns of NSTPE in different morphologies. 
 

sample NSTPE of with DCM (A) and EtOH (B). Moreover, the two 

recrystallization samples exhibit reversible piezofluorochromic 

properties, in which the two crystal samples can transform to the 

same powder state G with bright yellow emission. Finally, the 

transformation of the three kinds of emission forms a reversible 

circle under the recrystalliztion and grinding-fuming operations as 

shown in Fig. 6a. The detailed emission and reversible emission 

transformation among the three kinds of samples are shown in Fig. 

6b-d and Fig. S1. The crystal A of NSTPE exhibits a stronger 

orange-light emission centered at 572 nm, whereas its crystal B 

shows yellowish green emission centered at 532 nm. Upon grinding 

using a spatula or a pestle, both of the emissions of A and B become 

faint yellow G with the emission peak at around 543 nm. The 

emission color of the ground sample G can be entirely restored to 

orange A upon fuming with solvent DCM (Fig. 6c) and it also can be 

transformed to B by recrystallizing with EtOH (Fig. S2), which 

suggests that the piezochromic fluorescence process is reversible. 

Moreover, when crystal B is exposed to solvent DCM, the PL 

spectrum of B also changes remarkably, passing from an initial 

yellowish green yellow to orange light of A (Fig. 6d). 

To confirm the relationship between aggregation morphology and 

emission wavelength, compound NSTPE at different aggregated 

states were analyzed by powder X-ray diffraction (PXRD). The 

PXRD diffractograms of A and B exhibit many sharp diffraction 

peaks, indicating their crystalline nature (Fig. 7). After grinding, the 

disappearance of most diffraction peaks indicates a significant 

change from the self-assembled crystalline architecture to 

amorphous state. When the faint yellow powders (G) are fumed with 

solvent vapor, sharp diffraction peaks emerge again, suggesting that 

the transformation from amorphous state to crystalline state of 

NSTPE. 

 

4. Conclusion 

In summary, a new TPE-based Schiff base NSTPE with D-A 

structure has been designed and synthesized. Interestingly, 

compound NSTPE exhibits two different TICT and AIE 

photoresponsive properties. With adding water into the THF solution 

of NSTPE, the emission exhibits interesting “on-off-on” switching 

property with a U-shaped tendency. Multiple different reversible 

emissions have been observed under the operations of grinding-

fuming and recrystallization on NSTPE with different solvents, 

which can be attributed to the reversible changes of different 

morphology states. This work further confirms that using TPE as the 

precursor is one of the most effective strategies to construct AIE 

compounds especially for multifunctional materials. 
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A new TICT and AIE-active tetraphenylethene-based Schiff base 

with reversible piezofluorochromism 

Fangfang Han, Ran Zhang, Zhaoming Zhang, Jianguo Su, Zhonghai Ni* 

Synopsis 

A new tetraphenylethene-based Schiff base N-5-nitrosalicylidene-4-tetraphenylethenylamine 

(NSTPE) exhibits interesting “on-off-on” optical switching property and reversible piezofluorochromic 

properties using two different optical samples recrystallized from CH2Cl2 and CH3CH2OH, 

respectively. 
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