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Non-covalent functionalization
of graphene sheets by
pyrene-endcapped
tetraphenylethene: Enhanced
aggregation-induced emission
effect and application in
explosive detection

Yumin Zhang, Huanran Li, Qing-Yun Wu* and Lin Gu*

School of Chemical Engineering and Technology, Sun Yat-sen University, Zhuhai, China

In this work, a dispersible graphene-based material with a characteristic of
aggregation-induced emission (AIE) was prepared by wet chemical reduction of
graphene oxide (GO). During the GO reduction process, a conjugated molecule
TPEP containing tetraphenylethylene (TPE) and pyrene was employed as a
stabilizer because of the n—mn interactions and the wrapping effect. The as-
prepared rGO-TPEP not only has good dispersion in solution but also processes
the AIE feature. Its fluorescence intensity is 2.23 times higher than that of TPEP
at the same condition. The unique optical properties and AlE effect enable the
rGO-TPEP as a chemical sensor for highly sensitive explosive detection in
aggregated state and solid state. In the aggregated state, trace 2,4-
dinitrotoluene (DNT) can be detected by the rGO-TPEP even when the
concentration is as low as 0.91 ppm, and the quenching constant is as high
as 2.47 x 104 ML,
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Introduction

In recent years, graphene has become the research highlight due to its remarkable
electrical (Chu et al., 2016; Tong et al., 2017; Fan et al., 2019), mechanical (Liu et al., 2021),
thermal (Yang et al., 2019), (Liu et al,, 2019), and optical properties (Li et al., 2020).
Graphene is composed of single-layer carbon atoms, with a special structure of six-
membered ring formed by sp? hybridization and large delocalized 7 bond, which endows
its stability and electronic mobility. However, the performance of graphene is dependent
on its dispersion in practical application. The graphene is easy to aggregate due to the
strong van der Waals force between the graphene layers (Sun et al., 2021), (Palermo et al.,
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2016). Therefore, the accessibility of the dispersible graphene is a
prerequisite for most advanced applications.

Generally, chemical and non-covalent modifications are
commonly used to prepare dispersible graphene. The former
method employs specific chemically active functional groups to
convert sp>-hybridized C=C bonds into sp’-hybridized C-C
bonds (Xu et al, 2018), which would induce defects in
graphene and further reduce its intrinsic electrical and
the
modification has little damage on the structure of graphene

thermal conductivity. In  contrast, non-covalent

and can maintain most of the original properties (Choi et al.,
2010; Lee et al, 2011; Gaire et al., 2021). In past decades,
conjugated molecules were used as the dispersant of the
2008),
sulfonated polyaniline (Bai et al., 2009), dendronized perylene

graphene, such as 1-pyrenebutyrate (Xu et al,
bisimides (Kozhemyakina et al., 2010), polyacetylenes (Xu et al.,
2012a), and carboxylated oligoanilines (Gu et al., 2015). These
dispersants could help graphene stay stable in solution via 77—t
interaction, van der Waals force, or electrostatic repulsion. The
dispersant with conjugated structure usually has fluorescence
properties, which however will be extensively quenched as the
graphene is mixed due to the electron or energy transfer (Xu
et al.,, 2008). Thus, non-covalent functionalized graphene with
enhanced fluorescence emission would have promising

applications in chemical sensors, optoelectronic devices, and

biomedicine.
For the traditional fluorescence molecules, molecular
aggregation caused by 7-m stacking or hydrophobic

interactions will result in the fluorescence quench, which is
the reason of the quenching ability of graphene (Qi et al,
2012). In 2001, Tang’s team discovered a class of novel
fluorescent molecules, AlEgens, which do not emit light in
dilute solution but emit light in the aggregation state, called
“aggregation-induced emission effect” (AIE effect) (Luo et al,
2001). However, in previous reports, the fluorescent was also
easily quenched when AIE was used to chemically modify
graphene, which limits the wide applications of graphene (Xu
et al., 2012b; Zhang et al., 2018; Qin et al., 2019). In contrast, the
fluorescence intensity is depended on the content of the non-
covalent AIE-modified graphene, which can enhance the
fluorescence of AIE molecules in a certain range (Qi et al,
2012). Li et al. used conjugated polymers containing AIE
molecule, carbazole, and phenyl groups as stabilizers to
prepare soluble graphene materials, whose AIE effect was
significantly enhanced by graphene (Li et al., 2017).

In this communication, a conjugated molecule TPEP
(TPE)
designed and synthesized, which was used as a stabilizer to

containing pyrene and tetraphenylethylene was
prepare the non-covalent functionalized rGO via wet chemical
reduction of graphene oxide (GO). The as-prepared rGO-TPEP
not only had good dispersion in solution but also processed the
AIE feature. Compared with TPEP, the AIE effect of rtGO-TPEP

was greatly enhanced. Furthermore, rGO-TPEP can be used for
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FIGURE 1
Schematic illustration of the preparation of the rGO-based
materials.

the detection of explosive as low as 0.91 ppm, and could be
employed as a solid probe for the detection of DNT.

As illustrated in Supplementary Figure S1 (Supporting
Information), highly conjugated molecule TPEP containing
pyrene and TPE was synthesized via McMurry coupling
reaction, bromination, and substitution reaction, whose
by 1H NMR
(Supplementary Figure S2A, Supporting Information).

chemical structure was proved
TPEP was used as a stabilizer to functionalize rGO in
THF, where GO was dispersed in THF via sonication for
0.5 h, then reduced to rGO by hydrazine hydrate in the
presence of TPEP (Figure 1). After reduction, the solution
color changed from brown to black, indicating the
construction of sp*-conjugated structures. The as-prepared
rGO-TPEP was stable in THF after removing the insoluble
rGO via centrifugation. Compared with TPEP, rGO-TPE
displayed a more transparent color, revealing less rGO in
rGO-TPE than that in rGO-TPEP. Without conjugated
molecules, rGO was only stable for several minutes,
presenting its poor dispersion in THF solution. Therefore,
TPEP is a better stabilizer for functionalized rGO due to the
7-1 interaction between rGO and TPEP.

FTIR was carried out to confirm the non-covalent
functionalization of rGO, as shown in Supplementary Figure
S2B (Supporting Information). For GO, several characteristic
bands at 3,400-3,600, 1,730, and 1,620 cm™ were ascribed to the
hydroxyl, carbonyl groups, and C=C skeletal vibration,
respectively (Acik et al., 2011). After modification, some
characteristic peaks of TPEP at 2,926 and 2,855 cm™* appeared
for rGO-TPEP, which corresponded to the CH, vibration.
Furthermore, the peak at 1,600 cm™ in TPEP belonged to the
stretching vibration of the benzene ring, which was shifted to
1,660 cm™ after modification, indicating the successful non-
covalent functionalization of rGO.

The morphology of the obtained rGO-TPEP was observed by
SEM and TEM (Figure 2). In the SEM image, the rGO-TPEP
presented obvious flakes with a size of micron. In the TEM image,
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FIGURE 2
SEM (A,B) and TEM images (C,D) of rGO-TPEP.

it can be seen clearly that the rGO-TPEP was ultrathin, which
had some wrinkles and folded areas.

The absorption spectra of rtGO-TPEP and TPEP in THF were
measured via UV-vis spectroscopy and displayed in Figure 3A.
GO showed an absorption band at 228 nm and a shoulder peak at
300 nm, which was attributed to the n—m * transition of C=C
bond and the n-7* transition of C=0 bond, respectively (Li et al.,
2017). After reduction, rGO aggregated in THF, which made its
UV-vis spectrum difficult to be measured. However, rtGO-TPEP
and TPEP showed two strong absorption peaks at 245 and
347 nm, corresponding to the m—m * transition of C=C bonds
in the benzene ring and pyrene unit of TPEP, respectively. The
peak intensity of the rGO-TPEP ascribing to the pyrene unit
increased along with a blue shift, demonstrating the n-m
interaction between rGO and TPEP. To confirm the good
solubility of rGO-TPEP, the absorption spectra of different
concentrations of rGO-TPEP were measured, as shown in
Figure 3B. The absorbance of rGO-TPEP increased with the
increase of concentration, in which the solution exhibited
Lambert-Beer behavior. There is a linear relationship between
the absorbance at 347nm and the concentration at
11.88-71.28 ug/ml, which showed that the rGO-TPEP had
good solubility in THF.

As is well known, the TPE unit in TPEP is a typical AIE
structure, which is non-fluorescent in solution but is highly
emitting in the aggregated state. It has been reported that the
conjugated molecules containing TPE still have AIE activity (Tu
etal, 2016). Therefore, the photoluminescence (PL) properties of
the synthesized TPEP were studied, as depicted in Figures 3C and
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D. In the inset photo of Figure 3C, the THF solution of TPEP
presented a faint blue fluorescence under the irradiation of 365-
nm UV lamp. Nevertheless, TPEP aggregated in THF/H,O
mixture with a water fraction of 90 vol%, showing strong blue
light and a single emission peak at 480 nm (Figure 3C). As seen in
Figure 3D, the fluorescence of TPEP gradually increased with the
increase of water content in the mixture. When the water content
was less than 60 vol%, the fluorescence intensity was very weak,
but then it increased rapidly. The fluorescence intensity increased
by 4.07 times when the water content reached 90 vol%. This is a
typical AIE effect. With the content of water increased, TPEP was
gradually aggregated since TPEP was insoluble in water, and
TPEP emitted bright blue fluorescence. However, when the water
content reached to 70 vol%, it was close to the intensity of 90 vol
% by both effect of AIE and the quenching of pyrene.

In addition, the AIE characteristics of rGO-TPEP were
investigated using the same method. Interestingly, the shape
and the shift of the peak did not change after combined with
rGO, but the AIE effect was greatly enhanced, which is different
from the previous results of graphene quenching the fluorescence
of organic dyes (Xu et al,, 2008; Xu et al., 2012a; Tu et al., 2016).
When the water content exceeded 70 vol%, the fluorescence
intensity of rGO-TPEP changed faster than TPEP, while the
water content of the mixture reached 90 vol%. The PL intensity of
rGO-TPEP changed by 9.09 times, which is 2.23 times than that
of TPEP. As can be seen from the picture in Figure 3C, rGO-
TPEP has higher emissivity under the same conditions when
compared with TPEP. This may be due to the hydrophobicity of
reduced graphene oxide, and the nanosheets tend to aggregate
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(A) UV-vis spectra of GO, TPEP, and rGO-TPEP in THF. (B) UV-vis spectra of rGO-TPEP at different concentrations, and inset shows
concentration—absorption (at 347 nm) linear relationship. (C) Fluorescence spectra of TPEP and rGO-TPEP in THF/H,O mixed solution (water
content 90%, Aex = 350 nm). (D) PL peak intensity ratios of TPEP and rGO-TPEP at different water fractions in THF/H,O mixtures.

when added water. Thus, rGO wrapped by TPEP restricted the
rotation of propeller-like phenyl rings further, leading to high
fluorescence intensity. Although it has been reported that the
rGO has fluorescence quenching effect on fluorescent molecule
with the difference of the distance as well as concentration (Qi
et al,, 2012; Tan et al,, 2014), the content of rGO may be not
enough to quench the fluorescence of TPEP molecule, and large
amount of TPEP probably attached on both sides of rGO
nanosheets.

Explosives are usually a kind of electron-deficient nitro
organic compounds, including 2,4,6-trinitrotoluene (TNT),
2,4-dinitrotoluene (DNT), and picric acid (PA). They not only
pose a threat to the security of the country and society but also
pose serious health hazards to human body. The explosive sensor
based on photoluminescence (PL) has attracted extensive
attention because of its high sensitivity. Explosives can cause
fluorescence quenching of electron-rich probes through the
photoinduced electron transfer (PET) mechanism (Feng et
al.,2014). However, there is an aggregation-caused quenching
(ACQ) phenomenon in traditional fluorescence molecules, that
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is, the fluorescence will weaken or even not emit light at high
the
concentration of fluorescent molecular probes. The molecules

concentration, which greatly limits accuracy and
with AIE effect have excellent sensitivity in detecting explosives.
In recent years, there are many reports on the use of AIE
molecules in explosive detection (Li et al., 2016; Dong et al.,
2018; Zhu et al., 2022). Electron-rich TPE groups and electron-
deficient nitro organic compounds can show a very sensitive
fluorescence response through PET, so they can detect explosives
with high sensitivity (Namgung et al., 2018). TPEP is a typical
AIE molecule, and when it is non-covalently functionalized with
rGO, its AIE effect is significantly enhanced. In view of the special
function of luminescent rGO-TPEP, it can be used for the
detection of explosives. We found that it showed high
sensitivity to 2,4-dinitrotoluene (DNT). The detection process
could be carried out in both aggregation state and solid state with
high sensitivity, which made the luminescent rGO-TPEP suitable
for tracking and detecting DNT. When rGO-TPEP with AIE
activity is used as a probe, the existence of rGO can adsorb

electron-deficient nitro organic compounds by 7z-m and
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(A) PL spectra of rtGO-TPEP with different DNT amounts in a THF/H,O mixture with a 99% water fraction. rGO-TPEP concentration: 10-°> M and
excitation wavelength: 350 nm. (B) Relative PL diagram under different DNT concentrations (10 =
of rGO-TPEP adsorbed on filter papers dipped into a THF/H,O mixture (1:99, v/v, left) and then dipped into a DNT solution (right). rGO-TPEP
concentration: 10~* M and DNT concentration: 0.25 mM. (D) Mechanism of explosive DNT detection.

intensity at [DNT] = 0 uM). (C) Fluorescence images

electrostatic interactions, which can further its
sensitivity to DNT.
Fluorescence quenching could be detected even when the

DNT concentration was as low as 5uM (0.91 ppm), and the

improve

degree of quenching increased with the increase of DNT
concentration (Figure 4A). In the linear graph of relative PL
intensity (Io/I) and DNT concentration (Figure 4B), when DNT
was lower than 30 pm (5.46 ppm), the correlation coefficient (R?)
was 0.95315, and the quenching constant was 2.47 x 10* M. In
the concentration range of 50-250 uM (9.1-45.53 ppm), the
quenching constant was 5.71 x 10> M. The higher value of
quenching constant in the lower concentration means higher
sensitivity and accuracy of detection for a small amount of
explosives, so rGO-TPEP is more suitable for the detection of
trace DNT.

In addition to the aggregated solution state, it can also be
detected in the solid state, which is even more convenient. The
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filter paper was dipped in the rGO-TPEP solution and dried to
get the test paper. When the paper was dipped in explosive
solution, it could be seen that the luminescence of the filter paper
(right picture) was significantly weakened, while the fluorescence
effect of the filter paper not soaked by DNT was very strong. This
confirms the prepared rGO-TPEP could also be used as a solid
probe in real application. It can be seen that the luminescent
graphene has a good application prospect in explosion detection.

In conclusion, non-covalent functionalized graphene was
designed and prepared based on the m—n interaction between
graphene and TPEP via the wet chemical reduction of GO. The
as-prepared rGO-TPEP not only had good dispersion in solution
but also processed the AIE feature. Compared with TPEP, the
AIE effect of rGO-TPEP was greatly enhanced. Furthermore,
rGO-TPEP could be used for the detection of explosive as low as
0.91 ppm and could be employed as a solid probe for the
detection of DNT. These results offer new opportunities for

frontiersin.org


https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2022.970033

Zhang et al.

developing new graphene-based materials with promising
applications in chemical sensors, optoelectronic devices, and

biomedicine.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material; further
inquiries can be directed to the corresponding authors.

Author contributions

YZ: investigation, data curation, and writing—original draft;
HL: investigation; LG: conceptualization, funding acquistion,
editing. QW:
supervision, and

supervision, and  writing—review and

conceptualization, funding acquistion,

writing—review and editing.

Funding

This work was financially supported by the National Natural
Science Foundation of China (51973231), Guangdong Basic and
Applied Basic Research Foundation (Nos. 2021A1515012449 and

References

Acik, M., Lee, G., Mattevi, C., Pirkle, A., Wallace, R. M., Chhowalla, M., et al.
(2011). The role of oxygen during thermal reduction of graphene oxide studied by
infrared absorption spectroscopy. J. Phys. Chem. C 115 (40), 19761-19781. doi:10.
1021/jp2052618

Bai, H., Xu, Y., Zhao, L., Li, C., and Shi, G. (2009). Non-covalent functionalization
of graphene sheets by sulfonated polyaniline. Chem. Commun. 13 (13), 1667-1669.
doi:10.1039/b821805f

Choi, E.-Y,, Han, T. H,, Hong, J., Kim, J. E., Lee, S. H., Kim, H. W,, et al. (2010).

Noncovalent functionalization of graphene with end-functional polymers. J. Mat.
Chem. 20 (10), 1907-1912. doi:10.1039/b919074k

Chu, J. H,, Lee, D. H,, Jo, J., Kim, S. Y., Yoo, ].-W., and Kwon, S.-Y. (2016). Highly
conductive and environmentally stable organic transparent electrodes laminated
with graphene. Adv. Funct. Mat. 26 (40), 7234-7243. doi:10.1002/adfm.201602125

Dong, W., Fei, T., and Scherf, U. (2018). Conjugated polymers containing
tetraphenylethylene in the backbones and side-chains for highly sensitive TNT
detection. RSC Adv. 8 (11), 5760-5767. doi:10.1039/c7ral3536j

Fan, C., Wu, B,, Song, R, Zhao, Y., Zhang, Y., and He, D. (2019). Electromagnetic
shielding and multi-beam radiation with high conductivity multilayer graphene
film. Carbon 155, 506-513. doi:10.1016/j.carbon.2019.09.019

Feng, H. T., Wang, J. H., and Zheng, Y. S. (2014). CH3-pi interaction of explosives
with cavity of a TPE macrocycle: The key cause for highly selective detection of
TNT. ACS Appl. Mat. Interfaces 6 (22), 20067-20074. doi:10.1021/am505636f

Gaire, B., Singla, S., and Dhinojwala, A. (2021). Screening of hydrogen bonding
interactions by a single layer graphene. Nanoscale 13 (17), 8098-8106. doi:10.1039/
dOnr08843a

Gu, L, Liu, S, Zhao, H,, and Yu, H. (2015). Facile preparation of water-dispersible
graphene sheets stabilized by carboxylated oligoanilines and their anticorrosion coatings.
ACS Appl. Mat. Interfaces 7 (32), 17641-17648. doi:10.1021/acsami.5b05531

Kozhemyakina, N. V., Englert, J. M., Yang, G., Spiecker, E., Schmidt, C. D,,
Hauke, F., et al. (2010). Non-covalent chemistry of graphene: Electronic

Frontiers in Chemistry

10.3389/fchem.2022.970033

2022A1515010021), and the Fundamental Research Funds for
the Central Universities, Sun Yat-sen University (No. 20lgzd17).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fchem.
2022.970033/full#supplementary-material

communication with dendronized perylene bisimides. Adv. Mat. 22 (48),
5483-5487. doi:10.1002/adma.201003206

Lee, D. W, Kim, T,, and Lee, M. (2011). An amphiphilic pyrene sheet for selective
functionalization of graphene. Chem. Commun. 47 (29), 8259-8261. doi:10.1039/
clcc12868)

Li, P. Y., Qu, Z,, Chen, X,, Huo, X. K,, Zheng, X. C., Wang, D. Z,, et al. (2017).
Soluble graphene composite with aggregation-induced emission feature: Non-
covalent functionalization and application in explosive detection. J. Mat. Chem.
C Mat. 5 (25), 6216-6223. doi:10.1039/c7tc01194f

Li, Q. Y., Ma, Z,, Zhang, W. Q, Xu, J. L., Wei, W., Lu, H,, et al. (2016). AIE-active
tetraphenylethene functionalized metal-organic framework for selective detection
of nitroaromatic explosives and organic photocatalysis. Chem. Commun. 52 (75),
11284-11287. doi:10.1039/c6cc04997d

Li, Y, Li, H, Wu, S, and Liu, W. T. (2020). Tuning the optical nonlinearity of
graphene. J. Chem. Phys. 153 (8), 080903. doi:10.1063/5.0019563

Liu, F.,, Wang, M., Chen, Y., and Gao, J. (2019). Thermal stability of graphene in
inert atmosphere at high temperature. J. Solid State Chem. 276, 100-103. doi:10.
1016/j.jssc.2019.04.008

Liu, J,, Qin, H.,, and Liu, Y. (2021). Multi-scale structure-mechanical property
relations of graphene-based layer materials. Mater. (Basel) 14 (16), 4757. doi:10.
3390/mal4164757

Luo, J., Xie, Z, Lam, J. W. Y., Cheng, L., Chen, H.,, Qiu, C, et al. (2001).
Aggregation-induced emission of 1-methyl-1, 2, 3, 4, 5-pentaphenylsilole. Chem.
Commun. 21 (18), 1740-1741. doi:10.1039/b10515%h

Namgung, H., Lee, J. J, Gwon, Y. J, and Lee, T. S. (2018). Synthesis of
tetraphenylethylene-based conjugated microporous polymers for detection of
nitroaromatic explosive compounds. RSC Adv. 8 (60), 34291-34296. doi:10.
1039/c8ra06463f

Palermo, V., Kinloch, I. A, Ligi, S., and Pugno, N. M. (2016). Nanoscale
mechanics of graphene and graphene oxide in composites: A scientific and

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fchem.2022.970033/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2022.970033/full#supplementary-material
https://doi.org/10.1021/jp2052618
https://doi.org/10.1021/jp2052618
https://doi.org/10.1039/b821805f
https://doi.org/10.1039/b919074k
https://doi.org/10.1002/adfm.201602125
https://doi.org/10.1039/c7ra13536j
https://doi.org/10.1016/j.carbon.2019.09.019
https://doi.org/10.1021/am505636f
https://doi.org/10.1039/d0nr08843a
https://doi.org/10.1039/d0nr08843a
https://doi.org/10.1021/acsami.5b05531
https://doi.org/10.1002/adma.201003206
https://doi.org/10.1039/c1cc12868j
https://doi.org/10.1039/c1cc12868j
https://doi.org/10.1039/c7tc01194f
https://doi.org/10.1039/c6cc04997d
https://doi.org/10.1063/5.0019563
https://doi.org/10.1016/j.jssc.2019.04.008
https://doi.org/10.1016/j.jssc.2019.04.008
https://doi.org/10.3390/ma14164757
https://doi.org/10.3390/ma14164757
https://doi.org/10.1039/b105159h
https://doi.org/10.1039/c8ra06463f
https://doi.org/10.1039/c8ra06463f
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2022.970033

Zhang et al.

technological perspective. Adv. Mat. 28 (29), 6232-6238. doi:10.1002/adma.
201505469

Qi, X, Li, H,, Lam, J. W,, Yuan, X, Wei, J., Tang, B. Z,, et al. (2012). Graphene
oxide as a novel nanoplatform for enhancement of aggregation-induced emission of
silole fluorophores. Adv. Mat. 24 (30), 4191-4195. doi:10.1002/adma.201200026

Qin, M, Xu, Y., Gao, H,, Han, G, Cao, R, Guo, P., et al. (2019). Tetraphenylethylene@
Graphene oxide with switchable fluorescence triggered by mixed solvents for the
application of repeated information encryption and decryption. ACS Appl. Mat.
Interfaces 11 (38), 35255-35263. doi:10.1021/acsami.9b12421

Sun, X., Huang, C., Wang, L., Liang, L., Cheng, Y., Fei, W., et al. (2021). Recent
progress in graphene/polymer nanocomposites. Adv. Mat. 33 (6), 2001105. doi:10.
1002/adma.202001105

Tan, C,, Qi, X,, Huang, X, Yang, J., Zheng, B., An, Z, et al. (2014). Single-layer
transition metal dichalcogenide nanosheet-assisted assembly of aggregation-
induced emission molecules to form organic nanosheets with enhanced
fluorescence. Adv. Mat. 26 (11), 1735-1739. doi:10.1002/adma.201304562

Tong, Y., Bohm, S., and Song, M. (2017). The capability of graphene on
improving the electrical conductivity and anti-corrosion properties of
Polyurethane coatings. Appl. Surf. Sci. 424, 72-81. doi:10.1016/j.apsusc.2017.02.081

Tu, J., Zhao, M., Zhan, X., Ruan, Z, Zhang, H.-L, Li, Q. et al. (2016).
Functionalization of graphene by a TPE-containing polymer using nitrogen-
based nucleophiles. Polym. Chem. 7 (24), 4054-4062. doi:10.1039/c6py00631k

Frontiers in Chemistry

07

10.3389/fchem.2022.970033

Xu, X. J, Lv, W,, Huang, J., Li, J. ], Tang, R. L., Yan, J. W,, et al. (2012).
Functionalization of graphene by tetraphenylethylene using nitrene chemistry. RSC
Adv. 2 (18), 7042-7047. doi:10.1039/c2ra20460f

Xu, X, Liu, C,, Sun, Z., Cao, T., Zhang, Z., Wang, E., et al. (2018). Interfacial
engineering in graphene bandgap. Chem. Soc. Rev. 47 (9), 3059-3099. doi:10.1039/
¢7¢s00836h

Xu, X, Ou, D,, Luo, X., Chen, J., Lu, J., Zhan, H., et al. (2012). Water-soluble
graphene sheets with large optical limiting response via non-covalent
functionalization with polyacetylenes. . Mat. Chem. 22 (42), 22624. doi:10.1039/
€2jm34002;

Xu, Y., Bai, H,, Lu, G,, Li, C,, and Shi, G. (2008). Flexible graphene films via the

filtration of water-soluble noncovalent functionalized graphene sheets. J. Am.
Chem. Soc. 130 (18), 5856-5857. doi:10.1021/ja800745y

Yang, Y., Cai, K., Shi, J., and Xie, Y. M. (2019). Nanotextures from orthogonal
graphene ribbons: Thermal stability evaluation. Carbon 144, 81-90. doi:10.1016/j.
carbon.2018.12.020

Zhang, S., Ma, L., Ma, K,, Xu, B,, Liu, L., and Tian, W. (2018). Label-free aptamer-
based biosensor for specific detection of chloramphenicol using AIE probe and
graphene oxide. ACS Omega 3 (10), 12886-12892. doi:10.1021/acsomega.8b01812

Zhu, F., Fang, H., Liu, W., Li, H,, Li, B,, Li, Y., et al. (2022). Helical mesoporous
organic-inorganic hybrid silica nanofibers prepared using a TPE-based silane for
explosive detection. Mater. Lett. 306, 130957. doi:10.1016/j.matlet.2021.130957

frontiersin.org


https://doi.org/10.1002/adma.201505469
https://doi.org/10.1002/adma.201505469
https://doi.org/10.1002/adma.201200026
https://doi.org/10.1021/acsami.9b12421
https://doi.org/10.1002/adma.202001105
https://doi.org/10.1002/adma.202001105
https://doi.org/10.1002/adma.201304562
https://doi.org/10.1016/j.apsusc.2017.02.081
https://doi.org/10.1039/c6py00631k
https://doi.org/10.1039/c2ra20460f
https://doi.org/10.1039/c7cs00836h
https://doi.org/10.1039/c7cs00836h
https://doi.org/10.1039/c2jm34002j
https://doi.org/10.1039/c2jm34002j
https://doi.org/10.1021/ja800745y
https://doi.org/10.1016/j.carbon.2018.12.020
https://doi.org/10.1016/j.carbon.2018.12.020
https://doi.org/10.1021/acsomega.8b01812
https://doi.org/10.1016/j.matlet.2021.130957
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2022.970033

	Non-covalent functionalization of graphene sheets by pyrene-endcapped tetraphenylethene: Enhanced aggregation-induced emiss ...
	Introduction
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


