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Abstract: A D−A type of luminophore, TPA-CDP, was designed and synthesized by using triph-
enylamine (TPA) as D (electron donor), 1,3-diaryl pyrazole with cyano groups (CDP) as A (electron
acceptor) and employing a cyanovinyl segment as a recognition group. Firstly, TPA-CDP demon-
strates effective fluorescence quenching as a sensor for I− by the nucleophilic addition reaction of
the cyanovinyl segment with a high level of sensitivity, selectivity and a low determination limit
of 4.43 µM. Interestingly, TPA-CDP exhibited an AIE phenomenon with the fw value reaching 50%.
In addition, TPA-CDP displayed distinct mechanochromic fluorescence behavior with 70 nm red
shift, which was observed over four repeated cycles. Furthermore, the mechanochromic fluorescence
behavior of TPA-CDP, as observed in powder XRD experiments, was found to be associated with the
morphological transition from a crystalline state to an amorphous state. These results confirm the
significant potential of CDP as a powerful electron-deficient component in the creation of D−A-type
mechanochromic fluorescence materials and biosensors for detecting I−.

Keywords: TPA-CDP; triphenylamine; 1,3-diaryl pyrazole; sensor; mechanochromic fluorescence;
AIE; XRD

1. Introduction

Iodide has garnered significant attention in the academic community due to its pivotal
role in various biological activities associated with thyroid and neurological functions [1–3].
Both an excess and deficiency of iodine can lead to the development of hypothyroidism [4,5],
neurological disorders [6], endemic goiter [7], cretinism, and thyroid lesions [8]. The imple-
mentation of real-time monitoring of iodide could potentially facilitate the identification
and tracking of these disorders in a robust manner. Furthermore, the synthesis of chemicals,
such as drugs and dyes, utilizing elemental iodine [9] has been explored. In addition, since
129I is a long-lived radioisotope that is necessary for nuclear weapon testing, it is a major
contributor to environmental pollution through various sources [10,11]. Considering the
above findings, it is imperative that new probes are developed that selectively recognize
iodide over other anions. In contrast to other halides, iodide with its large size, weaker basic-
ity and low charge density, shows weak binding ability, which makes it a challenging task to
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design iodide-selective probes. For the determination of iodide, a variety of methods have
been used, such as neutron activation analysis, capillary electrophoresis, iodide-selective
electrodes, atomic absorption spectroscopy (AAS) [12], inductively coupled plasma mass
spectrometry (ICP-MS), gas chromatography (GC) and electrostatic ion chromatography
(EIC) [13–16]. Among all, ICP-MS is the most commonly used mass spectrometer. However,
it requires sophisticated instrumentation as well as tedious determination procedures.

Recently, fluorescence analysis has become increasingly popular as a powerful mon-
itoring tool for ion determination. A typical sensor generally consists of the following
three components: the recognition group, the linker, and the fluorophore. Sensors assem-
bled from these components usually exhibit no fluorescence or a changed fluorescence
compared with the original fluorophore. Sensors with advantages in terms of sensitivity,
interference-free ability, and low LOD due to the recognition group can react or coordinate
according to the molecular molar ratio [17–19].

To date, a variety of materials have been reported for detecting and tracking I− [20–24].
It is still necessary for synthetic chemists to develop probes with novel modes of action de-
spite impressive advances in these probes due to limitations such as the high determination
limit and low sensitivity of these probes. However, a new category of fluorescent materials
known as probes with aggregation-induced emission (AIE) has recently emerged. These
materials possess emission properties that differ from conventional fluorophores, as they
are non-emissive in solutions due to aggregation-caused quenching (ACQ) but become
emissive upon aggregation due to aggregation-induced emission (AIE) [25–27].

Over the past decade, there has been extensive utilization of a diverse range of AIE
fluorogens as chemo/biosensors for the detection of various analytes [28,29]. These AIE-
active fluorescent assays, which rely on the stimuli-responsive aggregation and emission
enhancement behavior of the fluorogens, have demonstrated high sensitivity and selectiv-
ity [30]. Notably, AIE-active probes exhibit remarkable adaptability to different working
environments, including solutions, aggregates, and solid states, enabling the identification
of analytes even under challenging conditions [31]. Additionally, probes with AIE proper-
ties can be used for bioimaging and biosensing in vivo due to their bright fluorescence in
aggregation state [32]. Furthermore, it goes without saying that molecules exhibiting an
AIE effect make excellent candidates for high-performance mechanical force-responsive
luminous materials [33]. Noticeably, as smart functionalized materials, mechanochromic
materials with luminescent colors that change under mechanical stimuli have attracted a
lot of attention [34–36]. In spite of this, there is still a lack of mechanochromic fluorescent
compounds that are AIE-active [37].

Conjugated donor-acceptor (D-A) structures exhibiting push-pull effects are commonly
found in fluorescent molecules, often adopting twisted molecular conformations. These
conformations play a crucial role in modulating the fluorescence sensitivity to aggregation
and mechanical forces [38,39], thereby facilitating the emergence of aggregation-induced
emission (AIE) effects. Additionally, the cyano group (CN) is frequently employed in
biological systems as a means to manipulate molecular geometry and electron distribution
due to its electron-withdrawing capabilities [40–42]. In contrast, the utilization of triph-
enylamine (TPA) fluorogens with twisted molecular conformations is sought after for the
construction of emission materials with high efficiency [43–45]. Therefore, the present study
focuses on the development of a D−A-type probe, namely TPA-CDP, which incorporates
1,3-diaryl pyrazole with cyano groups (CDP) as the electron acceptor (A), triphenylamine
(TPA) as the electron donor (D) and employs a cyanovinyl segment as the recognition group
(Scheme 1). The TPA-CDP probe demonstrated notable selectivity and sensitivity towards
I−, as demonstrated by the reaction between the cyanovinyl segment and I−, resulting in a
remarkably low limit of determination of 4.43 µM. The observable change in color from
colorless to yellow enhances its ease of detection by visual observation. Consequently, it
holds great promise as a potential biosensor for I− in practical applications. Additionally,
the TPA-CDP probe, with its AIE-active properties, exhibited a vibrant yellow fluores-
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cence. Notably, it displayed reversible and bathochromic mechanochromic fluorescence
characteristics.
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Scheme 1. Synthesis of probe TPA-CDP.

2. Results and Discussion
2.1. Optical Response of the TPA-CDP Probe

With regard to TPA-CDP, based on cyanovinyl structural variation triggered by I−, the
performance of TPA-CDP using a 4-cyano-4′-cyanophenylmethylene-1,3-diarylpyrazole
acceptor unit a sensor to detect I− was investigated. Fluorescence titrations were conducted
using 0 to 70 µM of I−. As depicted in Figure 1a, the fluorescence intensity gradually
decreased upon the addition of I−. Then, a plateau was observed upon the addition of I− at
70 µM. As indicated by the discernable variations in fluorescence intensity, TPA-CDP was
able to efficiently detect I−. In response to the good linear relationship between fluorescence
intensity versus [I−] (R = 0.9859) (Figure 1b) between 0 and 12 µM, the determination limit
(LOD) for TPA-CDP was calculated to be 4.43 µM using Equation (1.2) (Supplementary
Materials) [46,47]. Additionally, the combination of TPA-CDP with I− resulted in noticeable
changes in color by the naked eye, from colorless to yellow (Figure 1c). Moreover, TPA-
CDP could quickly detect I− (only 0.5 min, Figure S1). Its rapid and macroscopic detection
properties are suitable for recognizing real samples with portable devices.
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Figure 1. (a) Fluorescence titration spectra of TPA-CDP (20 µM, λex = 345 nm, λem = 431 nm) in
THF; (b) the LOD of TPA-CDP against I−; (c) pictures of the solution with I− (3 eq) addition before
and after.

Selectivity is considered a significant symbol for practical applications when the
sensor is capable of detecting multiple anions, including H2PO4

−, SO4
2−, F−, HSO4

−, Ac−,
Br−, Cl−, SCN−, NO2

−, SO3
2−, ClO4

−, HCO3
−, CO3

2−, S2O3
2−, NO3

−, S2−, and HSO3
−.

Therefore, the binding ability of TPA-CDP with I− was further validated by recording
fluorescence spectra in presence and absence of I− in THF. A fluorescent emission of the
free sensor TPA-CDP was observed at 431 nm with excitation 345 nm in THF. Figure 2a
shows that other competitive anions have an insignificant effect on the fluorescence intensity
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of TPA-CDP. Additionally, in presence of I−, the pink solution of TPA-CDP changes to
colorless under UV light.
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An effective fluorescent probe must select for a particular analyte in the presence
of multiple competing ions. Thus, to investigate the TPA-CDP’s selectivity, competitive
experiments were conducted in the presence of 3 equiv. of I− and 3 equiv. of other tested
anions. Figure 2b illustrates that the emission intensity of TPA-CDP in the presence of I−

was not significantly affected by other competitive anions, revealing TPA-CDP’s excellent
selectivity towards I−. As demonstrated by these findings, TPA-CDP responded specifically
to I−. With its low LOD, remarkable sensitivity, and selectivity, the TPA-CDP probe exhibits
promising potential for practical utilization in the detection of I−.

2.2. Aggregation−Induced Emission (AIE) Characteristics of TPA-CDP

AIE properties of TPA-CDP were initially investigated by UV–visible absorption and
photoluminescence spectroscopy. TPA-CDP showed little variation in absorbance spectra
when diluted with different volumes of water (fw) DMF/H2O mixtures, and an electronic
transition could be responsible for the absorption peaks below 450 nm. Furthermore, level-
off tails, which are linked to the light-scattering phenomenon caused by nano-aggregates,
were detected in the longer wavelength range as the fw value increased (Figure S2), thereby
suggesting the presence of nano-aggregates [48,49]. Figure 3a illustrates that TPA-CDP,
dissolved in a DMF solution (20 µM), showed minimal luminescence when exposed to
UV light at 365 nm, with a very weak emission band (λmax) observed at 451 nm. As fw in-
creased to 30%, a new emission band was observed at 605 nm, and the yellow luminescence
was observed under UV (365 nm) irradiation. Further enhancement of the luminescence
occurred with fw at 50% with a corresponding ΦF of 20.54%, and then the fluorescence
intensity weaken when fw increased due to the large diameter of the aggregates. Further-
more, the nano-aggregates of TPA-CDP were confirmed by dynamic light-scattering (DLS)
measurements with fw values of 50% and 100% (Figure 3b,c). The diameter of the aggregates
were 111.25 nm and 583.23 nm, respectively. Interestingly, a DMF solution (20 µM) of the
previously reported probe [32] showed a strong emission band (λmax) of 447 nm with the
solution emitting a blue luminescence under UV light at 365 nm, while TPA-CDP (this
work) showed negligible emission. Then, the previously reported probe showed a new
emission band (λmax) at 626 nm as the fw increased further to 90%, and the blue lumines-
cence changed to orange-yellow luminescence under UV irradiation (365 nm). However, in
this work, TPA-CDP showed negligible emission with fw=0; as fw increased to 30%, a new
emission band was observed at 605 nm, and the yellow luminescence was observed under
UV (365 nm) irradiation. According to these results, luminophore TPA-CDP exhibits an
AIE behavior due to the restriction of intramolecular rotation in the compound, while the
previously reported probe exhibits an aggregation-induced emission enhancement (AIEE)
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behavior. In Figure 4, probe TPA-CDP, with an fw of 50%, showed a 36.12 ns average lumi-
nescence lifetime, indicating that the TPA-CDP luminophores with a fw of 50% exhibited
fluorescence behavior [50,51]. Interestingly, TPA-CDP is derived from the work in [32] by
changing the electron-withdrawing ability of the cyanovinyl group to regulate the electron
cloud distribution of the structure. The structures in the literature exhibit AIE enhancement,
while the typical AIE features are shown in probe TPA-CDP. The findings indicate that
modulation of the electron cloud distribution governs the luminescent properties.
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Figure 3. (a) Emission spectra (λex = 345 nm) of the dilute solutions (20 µM) of TPA-CDP in DMF–
H2O mixtures with various fw values (0–100%); size distribution measured by DLS of the TPA-CDP
in DMF–H2O mixtures with 50% (b) and 100% (c) water content. Concentration: 20 µM.
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2.3. Crystal Solid−State Emission of TPA-CDP Compounds

A room-temperature study of the fluorescence properties of the D−A-type luminophore
TPA-CDP was performed. Figure 5 shows that the D−A-type luminophore, TPA-CDP,
emits at 499 nm in the solid state, with an average emission lifetime, <τ>, of 10.38 ns
(Figure S3), corresponding to green fluorescence (Φ = 28.43%) under UV irradiation at 365
nm. Moreover, thermogravimetric analysis (TGA) of TPA-CDP revealed its thermal stability.
Figure S4 illustrates that TPA-CDP exhibited good thermal stability, with 4% weight loss
between 100 ◦C and 400 ◦C.

In order to comprehend the characteristics of the ground and excited electronic states,
density functional theory (DFT) calculations were performed on TPA-CDP at the B3LYP/6-
31G* level using Gaussian 09 [52]. As depicted in Figure 6, in the optimized structures of
TPA-CDP, the aryl rings 1, 2, and 3 are almost coplanar, and the aryl rings 4, 5, 6, and 7 are
twisted away from the backbone, especially aryl rings 4, 5, and 7. In addition, π-electrons in
the (highest occupied molecular orbital) HOMO of TPA-CDP are scattered on TPA, whereas
in the (lowest unoccupied molecular orbital) LUMO, π−electrons are localized on CDP.
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In this case, the calculation results clearly showed the ICT situation. The relative energy
bandgaps between the HOMO and LUMO are also presented in Figure 6.
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2.4. Contrasting Mechanochromic Fluorescence Behavior of TPA-CDP Compounds

The high−contrast mechanochromic fluorescence displayed by luminophores has
garnered significant interest in the fields of sensing and security encryption applications.
Given that AIE-active molecules exhibit a heightened response to external stimuli due
to the chromic effect, an experiment was conducted to investigate the mechanochromic
fluorescence of the luminophore TPA-CDP. As previously mentioned, the green fluorescence
of crystals solid TPA-CDP was observed at 499 nm (Figure 5) with an average lifetime of
10.38 ns (Figure S3). In an interesting observation, after grinding the crystal solid sample of
TPA-CDP, the maximum emissions were observed at 569 nm with a red shift of 70 nm, and
the ground powder emitted a yellow fluorescence (Figure 7) with an average lifetime of
59.45 ns (Figure S3).

Furthermore, after fumigating the ground powder with CH2Cl2 vapor for 1 min,
a rapid return to the original color (green, Figure 7) of fluorescence occurred, and the
average lifetime reduced to 12.31 ns (Figure S3). It follows that TPA-CDP has a reversible
mechanochromic fluorescence behavior.
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For a better understanding of the variation in the molecules responding to grinding,
powder X-ray diffraction (PXRD) patterns were used to gain the mechanochromic fluores-
cence behavior (Figure 8). The pristine TPA-CDP exhibited multiple distinct diffraction
peaks in its PXRD pattern, suggesting it is crystalline in nature without any grinding.
Following the grinding process, the intensity of the diffraction peaks diminished or even
vanished, implying that mechanical grinding resulted in an amorphous sample of TPA-CDP.
Additionally, fumigating the ground sample with CH2Cl2 vapor for a duration of 1 min led
to the restoration of the distinct diffraction peaks, closely resembling those of the unground
sample, thereby implying the recovery of the crystal structure. Evidently, the reversible
process of mechanochromic fluorescence matches the reversible phase transformation of
the crystalline state to the amorphous state.
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Finally, the cycle of mechanochromic fluorescence behavior could be iterated four
times, demonstrating the remarkable reversible mechanochromic fluorescence charac-
teristics of TPA-CDP (Figure 9). Hence, TPA-CDP demonstrate a remarkable reversible
mechanochromic fluorescence phenomenon.
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3. Conclusions

Herein, we designed and synthesized a D−A-type solid crystal fluorophore based on
1,3-diaryl pyrazole containing TPA (D) and CDP (A and I− receptor) units. AIE−active
TPA-CDP demonstrates effective fluorescence quenching by means of its ability to sense
I− through the nucleophilic addition reaction of the cyanovinyl segment. Demonstrating
through selectivity, competition, and titration experiments, TPA-CDP exhibits a high level
of sensitivity and selectivity as a sensor for I− with a low determination limit of 4.43 µM.
Significantly, the color of TPA-CDP transitioned from colorless transparent to a vibrant
yellow when I− was introduced under visible light, indicating its potential as a naked-eye
visual indicator for I−. Interestingly, when the fw value reached 50%, TPA-CDP exhibited an
AIE phenomenon, which was attributed to the limitation of intramolecular rotation within
the compound. Simultaneously, the TPA-CDP luminophore exhibited strong solid-state
emissive properties in the green fluorescence range. TPA-CDP, with a 70 nm red shift,
which has a planar structural organization, is sensitive to mechanical stimuli. The PXRD
tests showed that the mechanochromic fluorescence of TPA-CDP was associated with a
morphological transformation from a crystalline state to an amorphous state. Moreover,
the TPA-CDP demonstrated reversible and bathochromic mechanochromic fluorescence
phenomena, attributed to the transition from a crystalline to an amorphous state. Ad-
ditionally, it exhibited a reversible mechanochromic fluorescence process resulting from
the transformation from a crystalline to an amorphous state. The outcomes of this study
provide a valuable reference for the development of exceptional mechanofluorochromic
materials and the design of biosensors for the detection of I−.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/molecules28207111/s1, Figure S1: Effect of response time on the
fluorescence intensity of TPA-CDP (20 µM) in the presence of I−; Figure S2: UV—vVis spectra of
TPA-CDP in DMF—water mixtures with of varyingous water contents (0–100%). Concentration:
20 µM; Figure S3: Fluorescence decay curves of unground solid TPA-CDP (345 nm), ground solid
TPA-CDP (345 nm), and ground solid TPA-CDP (345 nm) after treatment with dichloromethane;
Figure S4: TGA thermograms of solid-state TPA-CDP; Table S1: The cartesian coordinates of the
optimized geometry.

Author Contributions: Methodology, L.W.; formal analysis, H.H. (Huiyi Hu); writing—original
draft preparation, L.D., J.W., Y.L. and Y.Z.; writing—review and editing, L.D., J.X., W.L. and L.Y.;
supervision H.H. (Haifeng He) and W.Y.; project administration, W.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was financed by the Key Laboratory of Tropical Fruits and Vegetables Quality
and Safety for State Market Regulation (KF-2023001).

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/molecules28207111/s1
https://www.mdpi.com/article/10.3390/molecules28207111/s1


Molecules 2023, 28, 7111 9 of 11

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are available upon request to the authors.

Acknowledgments: The authors thank the School of Pharmacy, Jiangxi University of Chinese Medicine.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of the compounds data are available from the authors.

References
1. Mansha, M.; Akram Khan, S.; Aziz, M.A.; Zeeshan Khan, A.; Ali, S.; Khan, M. Optical Chemical Sensing of Iodide Ions:

A Comprehensive Review for The Synthetic Strategies of Iodide Sensing Probes, Challenges, and Future Aspects. Chem. Rec.
2022, 22, e202200059. [CrossRef] [PubMed]

2. Ren, S.H.; Liu, S.G.; Ling, Y.; Li, N.B.; Luo, H.Q. Facile Method for Iodide Ion Detection Via the Fluorescence Decrease of
Dihydrolipoic Acid/Beta-Cyclodextrin Protected Ag Nanoclusters. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2019, 212,
199–205. [CrossRef] [PubMed]

3. Chen, Z.; Sun, R.; Feng, S.; Wang, D.; Liu, H. Porosity-Induced Selective Sensing of Iodide in Aqueous Solution by A Fluorescent
Imidazolium-Based Ionic Porous Framework. ACS Appl. Mater. Interface 2020, 12, 11104–11114. [CrossRef]

4. Xie, H.F.; Wu, C.; Zou, J.; Yang, Y.-X.; Xu, H.; Zhang, Q.-L.; Redshaw, C.; Yamato, T. A Pyrenyl-Appended C3v-Symmetric
Hexahomotrioxacalix Arene for Selective Fluorescence Sensing of Iodide. Dye. Pigment. 2020, 178, 108340. [CrossRef]

5. Petersen, M.; Bülow Pedersen, I.; Knudsen, N.; Andersen, S.; Jørgensen, T.; Perrild, H.; Ovesen, L.; Banke Rasmussen, L.; Thuesen,
B.H.; Carlé, A. Changes in Subtypes of Overt Thyrotoxicosis and Hypothyroidism Following Iodine Fortification. Clin. Endocrinol.
2019, 91, 652–659. [CrossRef]

6. Hussain, S.; De, S.; Iyer, P.K. Thiazole-Containing Conjugated Polymer as A Visual and Fluorometric Sensor for Iodide and
Mercury. ACS Appl. Mater. Interfaces 2013, 5, 2234–2240. [CrossRef]

7. Huang, X.; Lu, Z.; Wang, Z.; Fan, C.; Fan, W.; Shi, X.; Zhang, H.; Pei, M. A Colorimetric and Turn-On Fluorescent Chemosensor for
Selectively Sensing Hg2+ and Its Resultant Complex for Fast Detection of I− Over S2−. Dye. Pigment. 2016, 128, 33–40. [CrossRef]

8. Liu, J.; Lin, Q.; Zhang, Y.M.; Wei, T.B. A Reversible and Highly Selective Fluorescent Probe for Monitoring Hg2+ and Iodide in
Aqueous Solution. Sens. Actuators B Chem. 2014, 196, 619–623. [CrossRef]

9. Mahapatra, A.K.; Hazra, G.; Roy, J.; Sahoo, P. A Simple Coumarin-Based Colorimetric and Ratiometric Chemosensor for Acetate
and A Selective Fluorescence Turn-On Probe for Iodide. J. Lumin. 2011, 131, 1255–1259. [CrossRef]

10. Mitra, A.; Pariyar, A.; Bose, S.; Bandyopadhyay, P.; Sarkar, A. First Phenalenone Based Receptor for Selective Iodide Ion Sensing.
Sens. Actuators B Chem. 2015, 210, 712–718. [CrossRef]

11. Hou, X.; Hansen, V.; Aldahan, A.; Possnert, G.; Lind, O.C.; Lujaniene, G. A Review on Speciation of Iodin in the Environmental
and Biological Samples. Anal. Chim. Acta 2009, 632, 181–196. [CrossRef] [PubMed]

12. Flores, É.M.M.; Mesko, M.F.; Moraes, D.P.; Pereira, J.S.F.; Mello, P.A.; Barin, J.S.; Knapp, G. Determination of Halogens in Coal
After Digestion Using the Microwave-Induced Combustion Technique. Anal. Chem. 2008, 80, 1865–1870. [CrossRef] [PubMed]

13. Odenigbo, C.; Makonnen, Y.; Asfaw, A.; Anastassiades, T.; Beauchemin, D. Towards the Use of ICP-OES for the Elemental
Analysis of Organic Compounds such as Glucosamine. J. Anal. At. Spectrom. 2014, 29, 454–457. [CrossRef]

14. Singh, A.; Sinha, S.; Kaur, R.; Kaur, N.; Singh, N. Rhodamine Based Organic Nanoparticles for Sensing of Fe3+ with High
Selectivity in Aqueous Medium: Application to Iron Supplement Analysis. Sens. Actuat. B Chem. 2014, 204, 617–621. [CrossRef]

15. Ge, L.; Guo, C.; Li, H.; Xia, X.; Chen, L.; Ning, D.; Liu, X.; Li, F. Direct-Laser-Writing of Electrochemiluminescent Electrode on
Glassy Carbon for Iodide Sensing in Aqueous Solution. Sens. Actuators B Chem. 2021, 337, 129766. [CrossRef]

16. Mendy, J.S.; Saeed, M.A.; Fronczek, F.R.; Powell, D.R.; Hossain, M.A. Anion Recognition and Sensing by a New Macrocyclic
Dinuclear Copper(II) Complex: A Selective Receptor for Iodide. Inorg. Chem. 2010, 49, 7223–7225. [CrossRef]

17. Amirjani, A.; Tsoulos, T.V.; Sajjadi, S.H.; Antonucci, A.; Wu, S.J.; Tagliabue, G.; Haghshenas, D.F.; Boghossian, A.A. Plasmon-
induced near-infrared fluorescence enhancement of single-walled carbon nanotubes. Carbon 2022, 194, 162–175. [CrossRef]

18. Cao, X.; Gao, A.; Hou, J.T.; Yi, T. Fluorescent supramolecular self-assembly gels and their application as sensors: A review. Coord.
Chem. Rev. 2021, 434, 213792.

19. Zhang, X.Y.; Yang, Y.S.; Wang, W.; Jiao, Q.C.; Zhu, H.L. Fluorescent sensors for the detection of hydrazine in environmental and
biological systems: Recent advances and future prospects. Coord. Chem. Rev. 2020, 417, 213367.

20. Li, Z.; Liu, R.; Xing, G.; Wang, T.; Liu, S. A Novel Fluorometric and Colorimetric Sensor for Iodide Determination Using
DNA-Templated Gold/Silver Nanoclusters. Biosens. Bioelectron. 2017, 96, 44–48. [CrossRef]

21. Jiang, R.; Zhang, Y.; Zhang, Q.; Li, L.; Yang, L. Carbon Dot/Gold Nanocluster-Based Fluorescent Colorimetric Paper Strips for
Quantitative Detection of Iodide Ions in Urine. ACS Appl. Nano Mater. 2021, 4, 9760–9767. [CrossRef]

22. Rani, P.; Kiran; Priyanka; Sindhu, J.; Kumar, S. 5-Hydroxydibenzo[a,i]phenazine-8,13-dione: A Selective and Sensitive Colorimetric
and Fluorescent ‘Turn-Off’ Sensor for Iodide Ion. J. Mol. Struct. 2023, 1275, 134621. [CrossRef]

23. Zou, X.; Hu, J.; Zhu, H.H.; Chen, Q.M.; Gong, Z.J. Ultrasensitive Turn-Off Fluorescence Detection of Iodide Using Carbon
Dots/Gold Nanocluster as Fluorescent Nanoprobe. Microchem. J. 2023, 185, 108275. [CrossRef]

https://doi.org/10.1002/tcr.202200059
https://www.ncbi.nlm.nih.gov/pubmed/35581148
https://doi.org/10.1016/j.saa.2019.01.009
https://www.ncbi.nlm.nih.gov/pubmed/30639913
https://doi.org/10.1021/acsami.0c01342
https://doi.org/10.1016/j.dyepig.2020.108340
https://doi.org/10.1111/cen.14072
https://doi.org/10.1021/am400123j
https://doi.org/10.1016/j.dyepig.2016.01.008
https://doi.org/10.1016/j.snb.2014.02.062
https://doi.org/10.1016/j.jlumin.2011.02.033
https://doi.org/10.1016/j.snb.2015.01.032
https://doi.org/10.1016/j.aca.2008.11.013
https://www.ncbi.nlm.nih.gov/pubmed/19110092
https://doi.org/10.1021/ac8000836
https://www.ncbi.nlm.nih.gov/pubmed/18294006
https://doi.org/10.1039/c3ja50246e
https://doi.org/10.1016/j.snb.2014.08.028
https://doi.org/10.1016/j.snb.2021.129766
https://doi.org/10.1021/ic100686m
https://doi.org/10.1016/j.carbon.2022.03.040
https://doi.org/10.1016/j.bios.2017.01.005
https://doi.org/10.1021/acsanm.1c02167
https://doi.org/10.1016/j.molstruc.2022.134621
https://doi.org/10.1016/j.microc.2022.108275


Molecules 2023, 28, 7111 10 of 11

24. Patel, A.M.; Ray, D.; Aswal, V.K.; Ballabh, A. Probing the Supramolecular Assembly in Solid, Solution and Gel Phase in Uriede
based Thiazole Derivatives and Its Potential Application as Iodide Ion Sensor. J. Mol. Liq. 2022, 362, 119763. [CrossRef]

25. Liu, H.W.; Li, K.; Hu, X.X.; Zhu, L.M.; Rong, Q.M.; Liu, Y.C.; Zhang, X.B.; Hasserodt, J.; Qu, F.L.; Tan, W.H. In Situ Localization of
Enzyme Activity in Live Cells by a Molecular Probe Releasing a Precipitating Fluorochrome. Angew. Chem. Int. Ed. 2017, 56,
11788–11792. [CrossRef]

26. Gao, X.; Feng, G.; Manghnani, P.N.; Hu, F.; Jiang, N.; Liu, J.; Liu, B.; Sun, J.; Tang, B.A. Two-Channel Responsive Fluorescent
Probe with AIE Characteristics and Its Application for Selective Imaging of Superoxide Anions in Living Cells. Chem. Commun.
2017, 53, 1653–1656. [CrossRef]

27. Niu, J.; Fan, J.; Wang, X.; Xiao, Y.; Xie, X.; Jiao, X.; Sun, C.; Tang, B. Simultaneous Fluorescence and Chemiluminescence Turned on
by Aggregation-Induced Emission for Real-Time Monitoring of Endogenous Superoxide Anion in Live Cells. Anal. Chem. 2017,
89, 7210–7215. [CrossRef]

28. Mei, J.; Hong, Y.; Lam, W.Y.J.; Qin, A.; Tang, Y.; Tang, B.Z. Aggregation-Induced Emission: The Whole is More Brilliant than the
Parts. Adv. Mater. 2014, 26, 5429–5479. [CrossRef]

29. Mei, J.; Leung, N.L.C.; Kwok, R.T.K.; Lam, J.W.Y.; Tang, B.Z. Aggregation-Induced Emission: Together We Shine, United We Soar!
Chem. Rev. 2015, 115, 11718–11940.

30. Kwok, R.T.K.; Leung, C.W.T.; Lam, J.W.Y.; Tang, B.Z. Biosensing by Luminogens with Aggregation-Induced Emission Characteris-
tics. Chem. Soc. Rev. 2015, 44, 4228–4238. [CrossRef]

31. Zhang, Q.; Zhang, P.; Gong, Y.; Ding, C.F. Two-Photon AIE Based Fluorescent Probe with Large Stokes Shift for Selective and
Sensitive Detection and Visualization of Hypochlorite. Sens. Actuators B Chem. 2019, 278, 73–81. [CrossRef]

32. He, H.F.; Li, T.; Yao, L.F.; Liu, M.J.; Xia, H.Y.; Shen, L. Aggregation-Induced Emission Enhancement (AIEE)-Active Donor-Acceptor
Type Fluorophores Based on the 1,3-Diaryl Pyrazole Unit: Conspicuous Mechanochromic Fluorescence and Biosensing of Iodide
Ions. Dye. Pigment. 2022, 203, 110309. [CrossRef]

33. Yoon, S.J.; Chung, J.W.; Gierschner, J.; Kim, K.S.; Choi, M.G.; Kim, D. Multistimuli Two-Color Luminescence Switching via
Different Slip-Stacking of Highly Fluorescent Molecular Sheets. J. Am. Chem. Soc. 2010, 132, 13675–13683. [CrossRef] [PubMed]

34. Lee, G.H.; Han, S.H.; Kim, J.B.; Kim, J.H.; Lee, J.M.; Kim, S.H. Colloidal Photonic Inks for Mechanochromic Films and Patterns
with Structural Colors of High Saturation. Chem. Mater. 2019, 31, 8154–8162. [CrossRef]

35. Zhang, T.; Han, Y.; Liang, M.; Bian, W.; Zhang, Y.; Li, X. Substituent Effect on Photophysical Properties, Crystal Structures and
Mechanochromism of D-π-A Phenothiazine Derivatives. Dye. Pigment. 2019, 171, 107692. [CrossRef]

36. Zare, E.N.; Khorsandi, D.; Zarepour, A.; Yilmaz, H.; Agarwal, T.; Hooshmand, S.; Mohammadinejad, R.; Ozdemir, F.; Sahin, O.;
Adiguzel, S.; et al. Biomedical applications of engineered heparin-based materials. Bioact. Mater. 2024, 31, 87–118. [CrossRef]

37. Tan, S.; Yin, Y.; Chen, W.Z.; Chen, Z.; Tian, W.; Pu, S.Z. Carbazole-Based Highly Solid-State Emissive Fluorene Derivatives with
Various Mechanochromic Fluorescence Characteristics. Dye. Pigment. 2020, 177, 108302–108312. [CrossRef]

38. Guerlin, A.; Dumur, F.; Dumas, E.; Miomandre, F.; Wantz, G.; Mayer, C.R. Tunable Optical Properties of Chromophores Derived
from Oligo (P-Phenylene Vinylene). Org. Lett. 2010, 12, 2382–2385. [CrossRef]

39. Jiang, D.; Chen, S.; Xue, Z.; Li, Y.; Liu, H.; Yang, W. Donor-Acceptor Molecules based on Benzothiadiazole: Synthesis, X-ray
Crystal Structures, Linear and Third-Order Nonlinear Optical Properties. Dye. Pigment. 2016, 125, 100–105. [CrossRef]

40. Zhang, H.; Zeng, J.; Luo, W.; Wu, H.; Zeng, C.; Zhang, K. Synergistic Tuning of The Optical and Electrical Performance of AIEgens
with a Hybridized Local and Charge-Transfer Excited State. J. Mater. Chem. C 2019, 7, 6359–6368. [CrossRef]

41. Xue, P.; Zhang, C.; Wang, K.; Liang, M.; Zhang, T. Alkyl Chain-Dependent Cyano-Stilbene Derivative’s Molecular Stacking,
Emission Enhancement and Fluorescent Response to the Mechanical Force and Thermal Stimulus. Dye. Pigment. 2019, 163,
516–524. [CrossRef]

42. Huang, Y.; Mei, J.; Ma, X. A Novel Simple Red Emitter Characterized with AIE Plus Intramolecular Charge Transfer Effects and
Its Application for Thiol-Containing Amino Acids Detection. Dye. Pigment. 2019, 165, 499–507. [CrossRef]

43. Tang, A.; Chen, Z.; Liu, G.; Pu, S. 1, 8-Naphthalimide-Based Highly Emissive Luminogen with Reversible Mechanofluorochromism
and Good Cell Imaging Characteristics. Tetrahedron Lett. 2018, 59, 3600–3604. [CrossRef]

44. Gu, J.; Xu, Z.; Ma, D.; Qin, A.; Tang, B.Z. Aggregation-Induced Emission Polymers for High Performance PLEDs with Low
Efficiency Roll-Off. Mater. Chem. Front. 2020, 4, 1206–1211. [CrossRef]

45. Wu, Y.; Jin, P.; Gu, K.; Shi, C.; Guo, Z.; Yu, Z.Q. Broadening AIEgen Application: Rapid and Portable Sensing of Foodstuff Hazards
in Deep-Frying Oil. Chem. Commun. 2019, 55, 4087–4090. [CrossRef]

46. Ahumada, M.; Lissi, E.; Montagut, A.M.; Valenzuela-Henríquez, F.; Pacioni, N.L.; Alarcon, E.I. Association models for binding of
molecules to nanostructures. Analyst. 2017, 142, 2067–2089. [CrossRef]

47. Shortreed, M.; Kopelman, R.; Kuhn, M.; Hoyland, B. Fluorescent fiberoptic calcium sensor for physiological measurements. Anal.
Chem. 1996, 68, 1414–1418. [CrossRef]

48. Leung, C.W.T.; Hong, Y.; Chen, S.; Zhao, E.; Lam, J.W.Y.; Tang, B.Z. A Photostable AIE Luminogen for Specific Mitochondrial
Imaging and Tracking. J. Am. Chem. Soc. 2013, 135, 62–65. [CrossRef]

49. Jiang, Y.; Wang, Y.; Hua, J.; Tang, J.; Li, B.; Qian, S. Multibranched Triarylamine End-Capped Triazines with Aggregation-Induced
Emission and Large Two-Photon Absorption Cross-Sections. Chem. Commun. 2010, 46, 4689–4691. [CrossRef]

50. Osawa, M.; Kawata, I.; Igawa, S.; Hoshino, M.; Fukunaga, T.; Hashizume, D. Vapochromic and Mechanochromic Tetrahedral
Gold(I) Complexes based on the 1,2-Bis (diphenylphosphino) Benzene Ligand. Chem. Eur. J. 2010, 16, 12114–12126. [CrossRef]

https://doi.org/10.1016/j.molliq.2022.119763
https://doi.org/10.1002/anie.201705747
https://doi.org/10.1039/C6CC09307H
https://doi.org/10.1021/acs.analchem.7b01425
https://doi.org/10.1002/adma.201401356
https://doi.org/10.1039/C4CS00325J
https://doi.org/10.1016/j.snb.2018.09.057
https://doi.org/10.1016/j.dyepig.2022.110309
https://doi.org/10.1021/ja1044665
https://www.ncbi.nlm.nih.gov/pubmed/20839795
https://doi.org/10.1021/acs.chemmater.9b02938
https://doi.org/10.1016/j.dyepig.2019.107692
https://doi.org/10.1016/j.bioactmat.2023.08.002
https://doi.org/10.1016/j.dyepig.2020.108302
https://doi.org/10.1021/ol1007263
https://doi.org/10.1016/j.dyepig.2015.10.014
https://doi.org/10.1039/C9TC01453E
https://doi.org/10.1016/j.dyepig.2018.12.036
https://doi.org/10.1016/j.dyepig.2019.02.053
https://doi.org/10.1016/j.tetlet.2018.08.040
https://doi.org/10.1039/D0QM00012D
https://doi.org/10.1039/C9CC01172B
https://doi.org/10.1039/C7AN00288B
https://doi.org/10.1021/ac950944k
https://doi.org/10.1021/ja310324q
https://doi.org/10.1039/c0cc00803f
https://doi.org/10.1002/chem.201001908


Molecules 2023, 28, 7111 11 of 11

51. Ito, H.; Saito, T.; Oshima, N.; Kitamura, N.; Ishizaka, S.; Hinatsu, Y. Reversible Mechanochromic Luminescence of [(C6F5Au) 2
(µ-1, 4-diisocyanobenzene)]. J. Am. Chem. Soc. 2008, 130, 10044–10045. [CrossRef] [PubMed]

52. Frisch, G.; Schlegel, H.; Scuseria, G.; Robb, M.; Cheeseman, J.; Scalmani, G. Gaussian 09, Revision B. 01; Gaussian Inc.: Wallingford,
CT, USA, 2010.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1021/ja8019356
https://www.ncbi.nlm.nih.gov/pubmed/18613676

	Introduction 
	Results and Discussion 
	Optical Response of the TPA-CDP Probe 
	Aggregation-Induced Emission (AIE) Characteristics of TPA-CDP 
	Crystal Solid-State Emission of TPA-CDP Compounds 
	Contrasting Mechanochromic Fluorescence Behavior of TPA-CDP Compounds 

	Conclusions 
	References

