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Schematic illustration of the process of fluorescence of THID were “turn off” by low-lever 

water and “turn on” by high-level water or GMS in water/miscible solvents. 

 



1 
 

A solvatochromic AIE tetrahydro[5]helicene derivative as 

fluorescent probes for water in organic solvents and highly 

sensitive sensors for glyceryl monostearate 

Lifen Caia,b, Xiangying Suna,b,*, Wei He a,b,, Ruolan Hu a,b,, Bin Liua,b, Jiangshan Shena,b 

aCollege of Materials Science and Engineering, Huaqiao University, Xiamen, 361021, China  

bKey Laboratory of Molecular Designing and Green Conversions (Huaqiao University), Fujian 

Province University, Xiamen, 361021, China  

Correspondence: 

E-mail: hqusun@126.com  

Tel: +86 592 6162225 

Fax: +86 592 6160088 

Abstract：：：：In this paper, a tetrahydro[5]helicene-based imide dye with thienyl  group (THID) 

was studied on its solvatochromism and aggregation-induced emission (AIE) properties by 

dissolved invarious organic solvents. The linear relationship between Stokes shift and aprotic 

solvent polarity parameter was well fitted with Lippert-Mataga model. Furthermore, Stokes shift 

also were positively correlated with the normalized molar electronic transition energy, suggested 

that THID exceptionally depends on solvent polarity for twisted intramolecular charge transfer. In 

addition, THID demonstrated typical AIE features when adding large amounts of water into good 

solvent. Meanwhile, it can function as intensity and wavelength-based fluorescence sensor for 

detecting low-level water content in water soluble solvents, even the low of detection was 0.014 

vol% in ACN. Therefore, a simple and highly selective fluorescence analysis for glyceryl 

monostearate has been established on basis of its AIE property.     

Keywords: Tetrahydro[5]helicene; Solvatochromism; Twisted intramolecular charge transfer; 

Aggregation-induced emission; Glyceryl monostearate 
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Fluorescent organic dyes have attracted extensive attentions in recent years due to their 

widely potential applications in organic light emitting diode [1], luminescence sensors [2, 3], 

biological imaging [4, 5], and so on. In general, the main drawback of traditional organic 

fluorescence dyes, suffered from the aggregation-caused quenching (ACQ) effect, can show only 

outstanding luminescence in diluted solution yet nearly non-fluorescent in solid state [6, 7]. 

However, developing new organic photo-active compounds with high fluorescence efficiency in 

solid-state is very attractive and important, owing to their extensively practical applications in 

liquid crystals [8, 9], optoelectronic materials [10, 11], organic solid-state lasers [12] and other 

areas.  

Aggregation-induced emission (AIE) is a photophysical phenomenon, which is contrary to 

the ACQ. Since Tang’s group first reported the AIE-active dyes [13, 14], numerous molecules 

with AIE properties have been developed and have been widely applied in optoelectronic 

materials and sensors. Recently, some special molecules, which could exhibit both twisted 

intramolecular charge transfer (TICT) and AIE properties, have attracted extensive attentions, 

because of their dual fluorescence-response to solvent polarity and luminophones aggregation 

[15-17]. When fluorescent molecules exhibited both TICT and AIE processes, TICT could cause 

solvatochromism of dyes in different organic solvents and AIE was primarily involved in 

manipulating their emission intensity in aggregation even in solid states, respectively. It is well 

know that TICT and AIE processes can be affected by the compound structure. It was found that 

most of those dyes with TICT and AIE processes were "D-π-A" type compounds with twist 

structures [18]. Considering that new kinds of fluorescent helicene derivatives bear these two 

structural features, they might also exhibit TICT and AIE properties.  

Recently, a class of polycyclic aromatic compounds with nonplanar helical skeletons 

synthesized by fused benzene or other aromatic rings, Tetrahydro[5]helicene-based imide dyes 

have been synthesized by Chen’s group [19-22]. These compounds could emit intense 

fluorescence, not only in solution, but also in the solid state. These derivatives show large Stokes 

shifts and tunable fluorescent emission, through introducing donating unit into the helical 

skeleton. In addition, the density functional theory calculations demonstrated that the aromatic 

substituents have influence on the electron configuration of imide dyes, which could cause 
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intramolecular charge transfer (ICT) [23, 24]. Some of them combining twisted structure between 

aromatic substituents and imide units could show an interesting AIE when they were 

self-assembled into aggregations in the solid state and in solvents with poor solubilities, due to 

the restriction of intramolecular motion (RIM) mechanism [19]. However, reports of AIE 

helicene derivatives, especially those displaying AIE and TICT, were still quite rare. Therefore, 

developing and using helicene derivatives with AIE and TICT are very important in numerous 

fields.  

Herein, a tetrahydro[5]helicene based imide dye with thienyl (THID), combing π conjugated 

helical skeleton, strong intramolecular push–pull electronic interaction between 2-thienyl and 

imide moiety with a twist dihedral angle (Scheme1. a), could show intense and steady-going 

fluorescence in both solution and solid state [20]. Similar to most of "D-π-A" type dyes, the 

fluorescence of THID was strongly affected by the solvent polarity because of its TICT [25, 26]. 

For these compounds, one of features is that a pronounced solvatochromism occur in their 

fluorescence with gradually changing the solvent polarity. Therefore, THID can serve as a 

super-sensitive fluorescent indicator for detecting low-level water in organic solvents. More 

interestingly, THID has also been employed as solvatochromic sensors for detecting water 

content in Tetrahydrofuran (THF) or dioxane (Diox), depending on changing the emission 

wavelength. In addition, THID showed distinguishing AIE features when the polarity of solvent 

medium was changed from general organic solvents to water. Therefore, on the basis of ‘‘cage 

effect’’ [27, 28], a simple, shortly time-consuming, highly sensitive and selective AIE-active 

fluorescent sensor for detecting the glyceryl monostearate (GMS) has been established in this 

work (Scheme1. b). Glyceryl monostearate, one of the most common nonionic surfactants, has 

attracted numerous attentions, which can be used as emulsifier, stabilizer, and dispersant, etc [29, 

30]. However, excess GMS are harmful to human’s health. Due to its surfactant structure with 

hydrophilic hydroxyl groups, GMS could form reverse micelles with hydrophilic core in 

nonaqueous solutions. To our best knowledge, it is the first time to detect the GMS based 

fluorescence analysis with very low LOD, even up 3 orders of magnitude lower than that of 

reported chromatographic method [31].  
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Scheme 1 (a) Packing mode of THID. (b) Schematic illustration of the process of fluorescence of THID 

were “turn off” by low-lever water and “turn on” by high-level water or GMS in water/miscible solvents. 

Experimental 

Materials 

2-dodecyl-8,11-dimethoxy-7,12-di(thiophen-2-yl)-4,5,14,15-tetrahydro-1H-dinaphtho[2,1-e:

1',2'-g]isoindole-1,3(2H)-dione (THID) was synthesized by Chen’s group in Institute of 

Chemistry Chinese Academy of Sciences. N, N-dimethylformamide (DMF) and acetonitrile 

(ACN) of chromatographic-reagent grade (≥99.9%), Tetrahydrofuran (THF) and dioxane (Diox) 

of spectral-reagent grade (≥99.5%) were purchased from Aladdin (Shanghai, China). Other 

organic solvents were analytical-reagent grade (≥99.5%), bought from Sinopharm Chemical 

Reagent Co., Ltd. (Shanghai, China). Distillation was used to purify THF, Diox and Acetone 

prior to the usage of these solvents. THF and Diox were distilled under nitrogen atmosphere from 

sodium and benzophenone. Acetone was heated at reflux over potassium permanganate (KMnO4) 

and then pre-dried over calcium sulphate (CaSO4) before distilling. All organic solvents were 

stored in a dry environment to avoid that the moisture was introduced. Other chemicals were of 

analytical grade and used without further purification. The ultra-pure water was manufactured by 

a Milli-Q water purification system (USA). In addition, sample cells were sealed in the detection 

processes.   

Instrumentation 

All fluorescence spectra and fluorescence lifetime decay curves were measured by a FS5 

fluorescence spectrometer (Edinburgh Instruments, England), and absorption spectra were 

recorded by employing a UV-2600 UV-Vis spectrophotometer (Shimadzu, Japan). The 

experiments of dynamic light scattering (DLS) were performed by employing NanoBrook Omni 
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Dynamic Light Scattering (DLS) Particle Sizer and zeta potential Analyzer (Brookhaven, 

America). The experiments of confocal laser fluorescence microscopy (CLFM) were conducted 

from Leica TCS SP8 Laser Scanning Confocal Microscopy (Leica, Germany). The pattern of 

nonionic surfactant vesicles were observed through a field emission scanning electron 

microscopy S48000 FESEM (Hitachi, Japan) and transmission electron microscopy H-7650 

(Hitachi, Japan). The standard method was utilized to determine the fluorescence quantum yields 

(Φf) of the THID in different solvents using quinine sulfate in 0.05 M H2SO4 aqueous solution as 

a reference [32], applying the equation: 
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Φ=Φ  

Where, F is the fluorescence integrated intensity, A is the absorption intensity, n is the 

refractive index, and the parameters with subscript (s) are something about quinine.  

Results and discussion 

Solvatochromism  

The thienyl group was introduced into tetrahydro[5]helicene skeleton with imide unit to 

form the D-π-A conjugation, thereby the photophysics property of this compound should depend 

on the solvent polarity in solution. Therefore, the absorption and fluorescence spectra of THID in 

a series of frequently used solvents with different polarities were detailedly investigated in this 

work, and the obtained data were summarized in Table S1. Fig. 1(a) shows the absorption 

fluorescence spectra of this compound in the various solvents. The maximum absorption 

wavelength was found to locate at ca. 400 nm, likely caused by the π−π* transition absorption of 

the big conjugate system, with very slight shift of only a few nanometers when the solvent 

polarity was increased from apolar (cyclohexane) to highly polar (methanol). Therefore, it was 

somewhat surprising to that the fluorescence spectra of THID exhibited a very pronounced 

bathochromic-shift (from 493 nm to 625 nm) as opposed to the absorption, and correspondingly, 

the luminescent light of corresponding solutions was changed from green to orange under UV 

irradiation. These results indicated that the emission properties of this dye were strongly 
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dependent-solvent. This result could be likely attributed to the combination of the 

electron-donating thienyl unit and the electron-accepting imide group resulting in that, along with 

twisted D-π-A structure, TICT processes in THID molecule could be facilitated to produce 

prominent solvatochromic fluorescent property.  

 

 

Fig.1 (a) Normalized absorption (left) and fluorescence emission spectra (right) of THID in various 

solvents. (b) Photographs of THID in various solvents taken under UV light (365 nm). Concentration: 1 

µM. 

The solvatochromic property on fluorescence emission of compound THID was further 

investigated by following the Lippert-Mataga model, in which the Stokes shift (∆ν) was related to 

solvent polarity parameter (∆f) in thirteen solvents with a wide range of polarity (Fig. 2a). It is 

found that, a great linear correlation between ∆ν and ∆f, with a large slope of 8068 cm-1 could be 

obtained when protic solvents (ethanol and methanol) were excluded, indicative of the excellent 

solvent-polarity dependence of this compound. Furthermore, the solvatochromism can be 

indicated by the good linear relation between ∆ν and the normalized molar electronic transition 

energy ( N
TE ) of the dye (Fig. 2b) [33, 34]. These results supported that, the THID molecule is 

strongly dependent-solvent-polarity leading to solvatochromism. All of these results also revealed 

that there is a large variation of the dipole moment between the TICT excited state and the ground 

state due to charge redistribution. The fluorescence quantum yield and fluorescence lifetime (τave) 

of THID dissolved in protic solvents showed obvious decrease. In particular, τave, the excited state 
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lifetime [35, 36], was recorded with fast decay (Table S2). This suggested that THID molecules 

may form excited-state proton-transfer complexes with solvent molecules in protic solvents, of 

which acts between the carbonylic oxygen of solutes and the OH groups of solvents [37, 38]. This 

also accounts for that the points of hydrogen bonding solvents are deviated from the linear 

regression range of the Lippert-Mataga model. Taken together, these results could reveal that 

THID seem to likely play as a suitable solvent polarity sensor.  

 

Fig. 2 (a) Stokes shifts (∆ν) of compound THID versus ∆f and points of EtOH and MeOH were 

excluded from the fit. (b) Stokes shifts (∆ν) of compound THID versus N
TE  
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, where ε is the static dielectric constant and and n is the refractive index of 

the solvent. N
TE  is the normalized molar electronic transition energy. emλλν −=∆ abs  in cm-1. 

Aggregation-induced emission  

The solvatochromism of THID is generally associated with TICT mechanism, and the 

emission in the TICT state can be modulated by restricting intramolecular motion to be 

AIE-active in aqueous media [39]. To examine whether THID is AIE-active or not, its emission 

properties in organic solvent/water mixture was investigated. A series of common solvents, 

such as Diox, THF, DMF, Ace and ACN were systematically studied. The curves of maximum 

emission intensity and emission wavelength related to water content (fw, water fraction) were 

showed respectively in Fig. 3 and photographs of the THID in DMF with different fw taken 

under UV irradiation were shown in Fig.3 inset. The emission intensity of THID is largely 

quenched until fw = 30 vol% and a new strong-emitted fluorescent peak appears at fw = 40 vol% 

with unusual blue shift, from 621 nm to 534 nm. Whereafter, increasing in the fw > 40 vol%, no 
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shift of the emission peak could be observed. The unusual blue shift of ca. 87 nm was 

indicative of the strong intermolecular self-aggregate behavior, resulting in the restricted 

intramolecular rotations. The maximum emission of THID aggregation at 534 nm was almost 

in agreement with that in its solid state (Fig. S1). The UV-vis absorption of THID in the 

DMF/water mixture further indicated the formation of aggregation (Fig. S2). In addition, 

dynamic light scattering (DLS) was employed to probe the formation of aggregates in mixed 

solutions (Fig. S3). The average hydrodynamic size mainly located at (100.24±8.01) nm in 

DMF/water mixture with 80% water content. The scanning electron microscopy (SEM) images 

also supported the formation of aggregations, seemly aggregations formed in DMF/water 

mixture (2:8, v/v) (Fig. S4). Therefore, the THID compound could be considered to be 

AIE-active. This seems to result from two aspects: (i) restricted intramolecular rotations could 

be caused by impeding relative motion between thienyl and helical skeleton; (ii) this molecule 

was placed in nonpolar environment and partially could prevent the TICT state, endowing the 

aggregations with intense emission [15].  

  

Fig. 3 Fluorescence emission spectra (left) and plots of emission intensity (right) of THID in the presence 

of different fw (0-90 vol%) in DMF solution. Inset: photographs of THID in the DMF/water mixture taken 

under UV light (365 nm). 

Introducing various amount of water which could facilitate this molecule to aggregate were 

not well agree in different solvents, for example, the fluorescence intensities abruptly increased 

when the fw were 60 vol% and 40 vol% for THF and DMF, respectively (Fig. S5). This result is 

dependent on distinguishing solubility, the compound THID could be considered to be much 

easier dissolvable in volatile THF. Therefore, much more poor solvents should be introduced into 

the solution to induce aggregation. Consequently, water can be seen as an important affecting 
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factor for the fluorescent properties of THID.  

THID was employed as an indicator for detecting low-level of fw 

    Above results indicated that the fluorescence of THID is dependent on solvent-polarity, thus 

THID can be employed as a fluorescent sensor for detecting water content in organic solvents. 

Therefore, the emission behavior of THID in some aprotic water/miscible solvents was 

investigated (Fig. S6 - S10). After a certain volume of water was introduced into every tested 

organic solvent, the fluorescence intensity of THID generally underwent to decrease, 

accompanied with significantly red shift of the maximum emission peak. For example, in dioxane 

case, the emission intensity was found to be effectively quenched, accompanied with a large shift 

of maximum emission peak from 518 nm to 595 nm as the water content was increased from 0 to 

30 vol%, and a good linear relationship (R2=0.9941) of fluorescence intensity versus water 

fraction can be obtained when water content was smaller than 20 vol%. Moreover, similar linear 

relationship could be established in other water/miscible solvent systems, listed in Table 1. The 

limit of detection (LOD) could be estimated based on 3δ/|k|. The probe was found to be sensitive 

to water. 

Table 1 Linearity range and LOD of THID for low-level water determination in various solvents. 

Solvent 
Linearity range 

(vol%) 

Limit of detection 

(vol%) 
R2 

Diox 0.15-20  0.050 0.9941  

THF 0.11-10 0.036 0.9968 

DMF 0.091-10 0.030 0.9918 

Ace 0.20-5 0.065 0.9951 

ACN 0.041-5 0.014 0.9914 

More interestingly, from CIE coordinates corresponding to emission color of different fw 

solvents (Fig. S11 and Table S3), marked significant color change was found when THID was 

dissolved in water/Diox or water/THF mixed solution, compared with other organic solvent 

systems. The emission wavelength of THID as a function of water content was found to have a 

good linear relationship as the water content was enhanced. A wide linear relationship of water 
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contents from 0.31 vol% to 35 vol% with LOD of 0.10 vol% in dioxane and from 0.43- 4.5 vol% 

with LOD of 0.16 vol% in THF, respectively, could be obtained (Fig. 4). Accordingly, the color of 

fluorescence was found to change from green to orange under the irradiation of a UV lamp. 

Therefore, these observations could reveal that THID can work as a suitable water indicator to 

detect low-level water content in several aprotic water/miscible solvents. 

 

 

 

 

Fig. 4 Normalized fluorescence spectra and Fluorescence peak intensity of THID in (a and b) water/Diox 

mixture, (d and e) water/THF mixture with increasing amounts of water. Inset: photographs of THID in (c) 

water/Diox mixture and (f) water/THF mixture with different amounts of water taken under UV light (365 

nm). Concentration: 0.5 µM; excitation wavelength: 400 nm. 

THID was served as a probe for detecting GMS 
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Considering that THID compound can exhibit both TICT and AIE characteristics in 

water/organic mixed solutions. It is interesting to develop a sensitive method to recognize 

surfactants in “turn-on” mode instead of adding large water, which could offer a “water cage” for 

THID molecule to aggregate. 

Glyceryl monostearate is a water-in-oil nonionic surfactant with hydrophilic hydroxyl 

groups, which form reverse micelles with hydrophilic core in nonaqueous solutions. Considering 

that the AIE-active property of THID and the “cage effect” caused by surfactant, it should be a 

suitable probe for GMS in DMF/water mixture (7:3, v/v) with a fluorescence turn-on sensing 

mode. A blue shift of the maximum emission peak of THID and the significant fluorescence 

enhancement with increasing GMS concentration could be observed (Fig. 5). The obtained new 

maximum fluorescence emission at 534 nm was supportive of THID aggregations. The turn-on 

fluorescence can even be directly observed by naked eye under UV irradiation (Fig. 5 inset). A 

good linear relationship (R2=0.9991) between GMS concentration (cGMS) and I/I0 could be 

achieved in range of 3.0-153 µg/mL, and the LOD was 0.99 µg/mL. As shown in Fig. S12 and 

Table S4, the fluorescence lifetime measurements were further carried out to understand the 

influence of GMS on THID. The average fluorescence lifetimes of THID probe was 0.976 ns, 

whereas longer τave of 5.502 ns was found in the presence of GMS, suggested that THID 

aggregations could produce a longer τave. 

 

Fig. 5 (a) Fluorescence emission spectra of THID with adding different GMS concentration. Inset: 

photographs of THID probe solution with and without GMS (153 µg/mL) taken under UV light (365 nm). 

(b) Plots of the fluorescence intensity change of THID probe versus varied GMS concentration. 

Concentration of THID: 0.75 µM; excitation wavelength: 400 nm. 

 In general, critical micelle concentration (CMC) value of reverse micelle formed by 

nonionic surfactants should be lower than those of the normal micelles, since the weak 
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dipole-dipole interactions [40]. The CMC value of GMS could be determined from the emission 

intensity ratio of I621 nm/I540 nm plotted against the cGMS [41] (Fig. 6a). The intersection of two 

tangent lines was indicative of the CMC value at 25 µg/mL. Form the SEM image of GMS in 

DMF/water mixture (7:3, v/v), the spherical reverse micelle could be observed (Fig. S13). 

Furthermore, the CLFM was utilized to observe reverse micelles adding dye [42]. The fluorescent 

material was found to uniformly distribute in mixed solvent without GMS, however, it could 

rapidly aggregate to emit green fluorescence once after introducing GMS (Fig.S14). Therefore, it 

could be considered that a core-shell structure should be formed in RM, in which THID 

aggregations could form a model like reverse micelle cladding THID aggregations (RMCAs). 

Furthermore, dynamic light scattering was employed to measure the RMCAs size distributions in 

liquid, indicated an average diameter of 709.68 nm. SEM and TEM further revealed RMCAs 

with average diameter of ca. 123±27 nm. Therefore, it was reasonable to conclude that THID 

molecules contacted with hydrophilic hydroxyl groups of GMS at first, then with increasing GMS 

concentration to exceed its CMC, THID could be taken into the hydrophilic core of GMS-RM, 

resulting in that THID molecules was forced to aggregate and induce aggregations emission. 

 

 

Fig. 6 (a) Plots of relative intensity (I621 nm/I534 nm) of THID versus the concentration of GMS in 

DMF/water mixture. (b) GMS-RM size by dynamic light scattering (DLS) in DMF/water mixture. (c) 

SEM and (d) TEM images of the GMS-RMs formed in DMF/water mixture (7:3, v/v). Concentration of 
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THID1: 0.75 µM; Scale bar of (d) insert: 500 nm. 

To further study the selectivity of THID probe toward the GMS, various anionic, cationic, 

analogously nonionic surfactants as well as some common anions and cations were investigated 

under the identical conditions. It was found that the fluorescence of this probe could be hardly 

turned on by these tested surfactants and ions, suggested that the THID probe has a high 

selectivity for GMS (Fig. 7). Moreover, the fluorescence spectra of probe in the presence of GMS 

were further measured upon addition of these tested surfactants and ions, and the obtained result 

further supported the excellent selectivity (Fig. S15).  

 

Fig. 7 Fluorescence intensity (I) of THID probe alone and that upon adding with different ions (0.02 M) 

and surfactants (concentration of surfactants were 200 µg/mL beside GMS concentration was 153 µg/mL), 

respectively. SDS: sodium dodecyl sulfonate; BDTAC: benzyl dimethyl tetradecyl ammonium chloride; 

TPB: tetradecyl pyridine bromide; HPC: hexadecyl pyridine chloride; Span 20: sorbitan monolaurate; 

Tween 80: polyethylene glycol sorbitan monooleate. Concentration of THID1: 0.75 µM; excitation 

wavelength: 400 nm. 

Conclusions   

In this paper, the fluorescence properties of THID in thirteen solvents with different 

polarities have been investigated. The fluorescence color was found to be tunable from green to 

red by changing the solvent from nonpolar (cyclohexane) to polar (methanol), and the Stokes 

shifts of THID was shown to have a good linear relationship with not only the solvent polarity 

parameter but also the normalized molar electronic transition energy. These observations could 

indicate that THID molecule is strongly dependent-solvent polarity due to TICT, leading to 

solvatochromism. Therefore, THID could be used as a fluorescent sensor for detecting low-level 
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water content in five water/miscible solvents, including Diox, THF, DMF, Ace and can, with low 

LOD. Furthermore, it was found that, in the mixed solution including GMS, THID molecule 

could enter into the core of RMs and form nano-aggregations. In view of “cage effect” and RIR, 

the configuration motion of THID was further restricted, resulting in blue-shifted emission and 

enhanced emission intensity with a “turn on” model. Compared with the other tested surfactants 

and ions THID probe could show the high selectivity for GMS. 

Conflicts of interest 

There are no conflicts of interest. 

Acknowledgments 

This study was supported by the Natural Science Foundation of China (No.21275059, 

21377124 and 21575044), the Natural Science Foundation of Fujian Province (No. 2015J01054, 

2016J01062 and 2014J01048) and the Foundation of Graphene Powder & Composite Research 

Center of Fujian Province (2017H2001). Thanks a lot for the help from Dr. Chuan-Feng Chen 

and his students in Beijing National Laboratory for Molecular Science, CAS Key Laboratory of 

Molecular Recognition and Function for the support in THID synthesis. 

 

References: 

[1] Y. Liu, S. Yiu, C. Ho, W. Wong, Recent advances in copper complexes for electrical/light energy conversion, 

Coordin. Chem. Rev. 375 (2018) 514-557. 
[2] B. Gu, M. Ye, L. Nie, Y. Fang, Z. Wang, X. Zhang, H. Zhang, Y. Zhou, Q. Zhang, Organic-Dye-Modified 

Upconversion Nanoparticle as a Multichannel Probe To Detect Cu2+ in Living Cells, ACS Appl. Mater. Inter. 10 

(2018) 1028-1032. 
[3] W. Bai, R. Yao, N. Lai, X. Shang, Y. Xu, J. Lin, Preparation of conjugated poly(p-phenylene) hierarchical 

microspheres by nonsolvent vapor self-assembly and their fluorescent detection of metal ions, React. Funct. Polym. 

122 (2018) 33-41. 
[4] S.K. Mostakim, S. Nandi, R.K. Singh, V. Triyedi, S. Biswas, Selective Sensing of Peroxynitrite by Hf-Based 

UiO-66-B(OH)(2) Metal Organic Framework: Applicability to Cell Imaging, Inorg. Chem. 57 (2018) 10128-10136. 
[5] G. Yang, J. Zhang, S. Zhu, Y. Wang, X. Feng, M. Yan, J. Yu, Fast response and highly selective detection of 

hydrogen sulfide with a ratiometric two-photon fluorescent probe and its application for bioimaging, Sensor. Actuat. 

B-Chem. 261 (2018) 51-57. 
[6] M. Li, Y. Niu, H. Lu, C. Chen, Tetrahydro[5]helicene-based dye with remarkable and reversible acid/base 

stimulated fluorescence switching properties in solution and solid state, Dyes Pigments 120 (2015) 184-189. 



15 
 

[7] M. Gao, B.Z. Tang, Fluorescent Sensors Based on Aggregation-Induced Emission: Recent Advances and 

Perspectives, ACS Sensors 2 (2017) 1382-1399. 
[8] H. Zhu, M. Li, J. Hu, X. Wang, J. Jie, Q. Guo, C. Chen, A. Xia, Ultrafast Investigation of Intramolecular Charge 

Transfer and Solvation Dynamics of Tetrahydro[5]-helicene-Based Imide Derivatives, Sci. Rep.-UK 6 (2016). 
[9] C. Wang, C. Chen, T. Yang, I. Nys, C. Li, T. Lin, K. Neyts, J. Beeckman, Electrically assisted bandedge mode 

selection of photonic crystal lasing in chiral nematic liquid crystals, Appl. Phys. Lett. 112 (2018). 
[10] G.M. Saltan, H. Dincalp, E. Kirmaci, M. Kiran, C. Zafer, Optoelectronic performance comparison of new 

thiophene linked benzimidazole conjugates with diverse substitution patterns, Spectrochim. Acta a 188 (2018) 

372-381. 
[11] Y. Ge, D.F. O'Shea, Azadipyrromethenes: from traditional dye chemistry to leading edge applications, Chem. 

Soc. Rev. 45 (2016) 3846-3864. 
[12] M. Chapran, E. Angioni, N.J. Findlay, B. Breig, V. Cherpak, P. Stakhira, T. Tuttle, D. Volyniuk, J.V. 

Grazulevicius, Y.A. Nastishin, O.D. Lavrentovich, P.J. Skabara, An Ambipolar BODIPY Derivative for a White 

Exciplex OLED and Cholesteric Liquid Crystal Laser toward Multifunctional Devices, ACS Appl. Mater. Inter. 9 

(2017) 4750-4757. 
[13] Z. He, C. Ke, B.Z. Tang, Journey of Aggregation-Induced Emission Research, ACS Omega 3 (2018) 

3267-3277. 
[14] J.D. Luo, Z.L. Xie, J. Lam, L. Cheng, H.Y. Chen, C.F. Qiu, H.S. Kwok, X.W. Zhan, Y.Q. Liu, D.B. Zhu, B.Z. 

Tang, Aggregation-induced emission of 1-methyl-1,2,3,4,5-pentaphenylsilole, Chem. Commun. (2001) 1740-1741. 
[15] Y. Zhang, D. Li, Y. Li, J. Yu, Solvatochromic AIE luminogens as supersensitive water detectors in organic 

solvents and highly efficient cyanide chemosensors in water, Chem. Sci. 5 (2014) 2710-2716. 
[16] Y. Chiang, Z. Lai, C. Chen, C. Chang, B. Liu, Construction of emission-tunable nanoparticles based on a 

TICT-AIEgen: impact of aggregationinduced emission versus twisted intramolecular charge transfer, J. Mater. Chem. 

B 6 (2018) 2869-2876. 
[17] K. Nishino, K. Uemura, M. Gon, K. Tanaka, Y. Chujo, Enhancement of Aggregation-Induced Emission by 

Introducing Multiple o-Carborane Substitutions into Triphenylamine, Molecules 22 (2017) 2009-. 
[18] R. Hu, E. Lager, A. Aguilar-Aguilar, J. Liu, J.W.Y. Lam, H.H.Y. Sung, I.D. Williams, Y. Zhong, K.S. Wong, E. 

Pena-Cabrera, B.Z. Tang, Twisted Intramolecular Charge Transfer and Aggregation-Induced Emission of BODIPY 

Derivatives, J. Phys. Chem. C 113 (2009) 15845-15853. 
[19] M. Li, W. Yao, J. Chen, H. Lu, Y. Zhao, C. Chen, Tetrahydro[5]helicene-based full-color emission dyes in both 

solution and solid states: synthesis, structures, photophysical properties and optical waveguide applications, J. Mater. 

Chem. C 2 (2014) 8373-8380. 
[20] M. Li, L. Feng, H. Lu, S. Wang, C. Chen, Tetrahydro[5]helicene-Based Nanoparticles for Structure-Dependent 

Cell Fluorescent Imaging, Adv. Funct. Mater. 24 (2014) 4405-4412. 
[21] M. Li, X. Li, H. Lu, C. Chen, Tetrahydro[5]helicene thioimide-based fluorescent and chromogenic 

chemodosimeter for highly selective and sensitive detection of Hg2+, Sensor. Actuat. B-Chem. 202 (2014) 583-587. 
[22] Y. Shen, C. Chen, Helicenes: Synthesis and Applications, Chem. Rev. 112 (2012) 1463-1535. 
[23] Y. Si, Y. Cheng, N. Qu, X. Zhao, G. Yang, Theoretical study on the photophysical properties of boron-fused 

double helicenes, RSC Adv. 7 (2017) 56543-56549. 
[24] Y. Li, H. Lu, M. Li, X. Li, C. Chen, Dihydroindeno[2,1-c]fluorene-Based Imide Dyes: Synthesis, Structures, 

Photophysical and Electrochemical Properties, J. Org. Chem. 79 (2014) 2139-2147. 
[25] M.A.B. Larsen, A.B. Stephansen, E. Alarousu, M. Pittelkow, O.F. Mohammed, T.I. Solling, Solvent-dependent 

dual fluorescence of the push-pull system 2-diethylamino-7-nitrofluorene, Phys. Chem. Chem. Phys. 20 (2018) 

5942-5951. 



16 
 

[26] R. Greiner, T. Schluecker, D. Zgela, H. Langhals, Fluorescent aryl naphthalene dicarboximides with large 

Stokes shifts and strong solvatochromism controlled by dynamics and molecular geometry, J. Mater. Chem. C 4 

(2016) 11244-11252. 
[27] S. Mohiyuddin, S. Naqvi, G. Packirisamy, Enhanced antineoplastic/therapeutic efficacy using 

5-fluorouracil-loaded calcium phosphate nanoparticles, Beilstein J. Nanotech. 9 (2018) 2499-2515. 
[28] S. Sharma, N. Yadav, P.K. Chowdhury, A.K. Ganguli, Controlling the Microstructure of Reverse Micelles and 

Their Templating Effect on Shaping Nanostructures, J. Phys. Chem. B 119 (2015) 11295-11306. 
[29] X. Li, Q. Zhao, X. Wang, Y. Li, Q. Zhou, Surfactants selectively reallocated the bacterial distribution in soil 

bioelectrochemical remediation of petroleum hydrocarbons, J. Hazard. Mater. 344 (2018) 23-32. 
[30] N.T. Pandya, P. Jani, J. Vanza, H. Tandel, Solid lipid nanoparticles as an efficient drug delivery system of 

olmesartan medoxomil for the treatment of hypertension, Colloid. Surface. B 165 (2018) 37-44. 
[31] Z. Dai, C. Zhang, Determination of glycerin monostearate in liquid milk by gas chromatography, Zhongguo 

Rupin Gongye 11 (2012) 43-44, 64. 
[32] K. Rurack, M. Spieles, Fluorescence Quantum Yields of a Series of Red and Near-Infrared Dyes Emitting at 

600-1000 nm, Anal. Chem. 83 (2011) 1232-1242. 
[33] C. Barsu, R. Cheaib, S. Chambert, Y. Queneau, O. Maury, D. Cottet, H. Wege, J. Douady, Y. Bretonniere, C. 

Andraud, Neutral push-pull chromophores for nonlinear optical imaging of cell membranes, Org. Biomol. Chem. 8 

(2010) 142-150. 
[34] C. Reichardt, Solvatochromic dyes as solvent polarity, Chem. Rev. 94 (1994) 2319-2358. 
[35] M.A. Becker, R. Vaxenburg, G. Nedelcu, P.C. Sercel, A. Shabaev, M.J. Mehl, J.G. Michopoulos, S.G. 

Lambrakos, N. Bernstein, J.L. Lyons, T. Stoferle, R.F. Mahrt, M.V. Kovalenko, D.J. Norris, G. Raino, A.L. Efros, 

Bright triplet excitons in caesium lead halide perovskites, Nature 553 (2018) 189-197. 
[36] J. Patwari, A. Chatterjee, S. Sardar, P. Lemmens, S.K. Pal, Ultrafast dynamics in co-sensitized photocatalysts 

under visible and NIR light irradiation, Phys. Chem. Chem. Phys. 20 (2018) 10418-10429. 
[37] S. Mukherjee, K. Sahu, D. Roy, S.K. Mondal, K. Bhattacharyya, Solvation dynamics of 4-aminophthalimide in 

dioxane-water mixture, Chem. Phys. Lett. 384 (2004) 128-133. 
[38] K. Wang, Y. Lei, J. Chen, Z. Ge, W. Liu, Q. Zhang, S. Chen, Z. Hu, The coumarin conjugate: synthesis, 

photophysical properties and the ratiometric fluorescence response to water content of organic solvent, Dyes 

Pigments 151 (2018) 233-237. 
[39] H. Sun, X. Tang, B. Miao, Y. Yang, Z. Ni, A new AIE and TICT-active tetraphenylethene-based thiazole 

compound: Synthesis, structure, photophysical properties and application for water detection in organic solvents, 

Sensor. Actuat. B-Chem. 267 (2018) 448-456. 
[40] J. Santhanalakshmi, S.I. Maya, Solvent effects on reverse micellisation of Tween 80 and Span 80 in pure and 

mixed organic solvents, P. Indian as-Chem. Sci. 109 (1997) 27-38. 
[41] X. Cai, W. Yang, L. Huang, Q. Zhu, S. Liu, A series of sensitive and visible fluorescence-turn-on probes for 

CMC of ionic surfactants: Design, synthesis, structure influence on CMC and sensitivity, and fast detection via a 

plate reader and a UV light, Sensor. Actuat. B-Chem. 219 (2015) 251-260. 
[42] W. Guan, W. Zhou, C. Lu, B.Z. Tang, Synthesis and Design of Aggregation-Induced Emission Surfactants: 

Direct Observation of Micelle Transitions and Microemulsion Droplets, Angew. Chem. Int. Edit. 54 (2015) 

15160-15164. 
   
 



Highlights 

� A tetrahydro[5]helicene-based imide dye with thienyl group (THID), a new 

AIE-active material, was studied on its solvatochromism and aggregation-induced 

emission (AIE) properties.  

� THID can function as intensity and wavelength-based fluorescence sensor for 

detecting low-level water content in water soluble organic solvents. 

� A simple and highly selective fluorescence analysis for glyceryl monostearate has 

been established on basis of THID’s AIE property. To our best knowledge, it is 

the first time to detect the GMS based fluorescence analysis. 

 


