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Graphical abstract

A porous tetraphenylethylene-based polymer for fast-response

fluorescence sensing of Fe(l11) ion and nitrobenzene

Yingting Zheng,? Hailong Wang,?* and Jianzhuang Jiang®*

A fluorescent porous tetraphenylethylene-based organic polymer (PTOP) was
constructed and capable of exhibiting a fast-response and sensitive fluorescence
sensing both Fe(l11) and nitrobenzene.
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Abstract: A fluorescent porous tetraphenylethylene-baseghrac polymer PTOP) was
constructed by the reaction of
5,5',5",5"-(ethene-1,1,2,2-tetrayltetrakis(berzd, 1-diyl))tetrakis(pyrimidin-2-amine) and
cyanuric chloride in the presence of potassiumaraate. CQ sorption experiment at 195 K
reveals the permanent porosityR®FOP with a Brunauer-Emmett-Teller surface area of 227
m® g . In particular, the existence of rich secondaryr@s and pyrimidine nitrogen atoms
surrounding the 1,3,5-triazine moietiesHMOP provides abundant chelating sites for metal
ions, endowing a fast-response and sensitive fhearece sensing Fe(lll) with a low limit of
detection of 4.5uM. In addition, this polymer also shows an excdlleensing performance

towards nitrobenzene with good selectivity andva detection limit of 1.6 nM.

Keywords. tetraphenylethylene-based polymer; porous maseritast-response Fe(lll)
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1. Introduction

Porous organic polymers (POPs), including a widagea of subspecies like hyper
cross-linked polymers (HCPs),[1] polymers of insith microporosity (PIMs),[2] covalent
organic frameworks (COFs),[3]covalent triazine feamorks (CTFs),[4] conjugated
microporous polymers (CMPs),[5,6] and porous araenatameworks (PAFs),[7-9] have
been attracting increasing interests due to threiatgootential applications in gas adsorption
and separation,[10-12] pollutes removal,[13] phietcteic conversion,[14] lithium
battery,[15] sensing,[16] and catalysis.[17,18] @ other hand, aggregation-induced
emission (AIE) molecular materials with potentigbpcations in chemical sensing,
bioprobes, and organic light-emitting diodes halge &een intensively studied since the first
discovery of AIE phenomenon by Tang and co-worke®s:21] For the purpose of
developing new fluorescence materials with enhaneedission and multifunctional
properties, AIE luminogens (AlEgens) have beenoohiced/confined into various porous
crystalline materials including hydrogebonded organic frameworks (HOFs),[22,23]
COFs,[24] and metal organic frameworks (MOFs),[Bb@epending on hydrogen, covalent,
and coordination bond interactions, respectivelg. dne of the representative AIEgens,
tetraphenylethylene (TPE)[27,28] has also beenodtted into the porous organic
polymers[29] with excellent sensing performancesie the relatively extensive studies in
this direction, developing new AlE-integrated POfesvards realizing their practical
applications seems to be an important and evantpstuty for chemists and material
scientists.

It is well-known that iron ion plays an importarie in human life activities including
various metabolic processes, brain and muscle ifurgstand transcription and translation of
DNA and RNA.[30,31] However, excessively taking*Feould cause serious health issues

including insomnia, skin diseases, and immunitycdes[32] In addition, nitroaromatic



compounds (NACs) have been broadly employed in diyework, pharmaceutical and
leather industry.[32,33] The relevant pollution ssions severely contaminate the water and
soils and thus seriously threaten the human béiagkh.[33] As a consequence, great efforts
have been paid in the exploration of new fluoreseesensors for both species, resulting in
various kinds of F& and NACs fluorescence sensing materials in thé years.[31-34]
Although some reports cover the AIE-confined flemence POPs for sensing small
molecules and heavy metals,[35,36] very few ingasibns are about the detection of Fe
and NACs. As a result, more efforts are still neaeg in this regard for the real applications.
Herein, by means of a newly developed TPE buildindplock,
5,5',5",5"-(ethene-1,1,2,2-tetrayltetrakis(berezd, 1-diyl))tetrakis(pyrimidin-2-amine)
(AP-TPE), a fluorescent porous tetraphenylethyleased organic polymePTOP) was
fabricated with the help of cyanuric chloride. £€orption measurement at 195 K reveals its
permanent porosity nature with a Brunauer-Emmeteffesurface area of 227 g™
Furthermore, rich secondary amines and pyrimidingogen atoms surrounding the
1,3,5-triazine moieties dPTOP provide abundant chelating sites for metal ionkictv in
combination with the porous structure and TPE Aleggnergistically contribute to the

fast-response fluorescensensing of Fe(lll) and nitrobenzene.
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Scheme 1 Synthesis and schematic structurd®®OP. (a) KOAc, Pd(dppf)GI CH,Cl,, DME, 100°C, N,

12 h; (b) KCOs, Pd(dppf)C- CH,CI,, 1,4-dioxane, KD, 105°C, N, 12 h; (c) kCOs, 1,4-dioxane, 90°C,



12 h. (Inset: images under sunlight and 365 nm allfation ofPTOP, respectively)

2. Experimental Section

2.1 General Directions
All  chemicals were employed as received without tHer purification.
1,1,2,2-tetrakis(4-(4,4,5,5-tetramethyl-1,3,2-dioanlan-2-yl)phenyl)ethene (TMDB-TPE),

AP-TPE, andPTOP were prepared by consulting to the reported metfhdd-39]

2.2 Synthesis of PTOP
Synthesis of TMDB-TPE. A mixture of tetrakis(4-bromophenyl)ethene (0.651g0
mmol), bis(pinacolato)diboron (1.50 g, 6.0 mmol),
1,1'-bis(diphenylphosphino)ferrocene-palladium(idjdoride dichloromethane
complex (Pd(dppf)GICHCI,) (0.041 g, 0.05 mmol), and potassium acetate (KOAc
(1.60 g, 16.0 mmol) in 30 mL degassed 1,2-dimetkethgne (DME) was heated to
100°C for 12 h under N After cooling down, the solvent was removed icwam,
and the residue was subjected to chromatographya ailica gel column using
chloroform as eluent. Repeated column chromatograpind the following
recrystallization from chloroform and methanol affed the target white compound
TMDB-TPE (0.63 g, yield 75.0%)H NMR (400 MHz, CDC}-d): 7.50 (d, 8H, J =
8.00 Hz), 6.99 (d, 8H, J = 8.00 Hz), 1.32 (s, 48MALDI-TOF MS: an isotopic
cluster peaking at m/z 836.4, Calcd. fosois4B40s, [M]™ 836.5. Anal. Calcd. for
Cs0He4B4Og- 0.4CHCY: C, 68.47; H, 7.34. Found: C, 68.43; H, 7.18.

Synthesis of AP-TPE. A mixture of TMDB-TPE (0.40 g, 0.5 mmol),
5-bromopyrimidin-2-amine (0.44 g, 2.5 mmol), Pd(§@b.- CH.Cl, (0.012 g, 0.015

mmol), and potassium carbonate(QOs) (0.69 g, 5.0 mmol) in 1,4-dioxane (20 mL)



and water (5 mL) was stirred at 105°C for 12 h urlde The resultant mixture was
then cooled to room temperature, filtrated and wedskequentially with water,
saturated ammonium chloride aqueous solution, ofdam, and methanol. The pure
product AP-TPE was obtained as faint yellow pow@&25 g, yield 71.7%)'H NMR
(400 MHz, DMSO-d): 8.55 (s, 8H), 7.47 (d, 8H, J = 8.00 Hz), 7.08§H, J = 8.00
Hz), 6.75 (s, 8H)**C NMR (400 MHz, DMSO-g): 162.79, 155.70, 141.89, 139.70,
133.27, 131.51, 124.40, 121.22. MALDI-TOF MS: aatapic cluster peaking at m/z
702.9, Calcd. for  GH3oNio, [M]" 703.2. Anal. Calcd.  for
Ca2H32N12: 0.5CHCE- CHOH: C, 65.59; H, 4.62; N, 21.10. Found: C, 65.554t59;
N, 21.32.

Synthesis of PTOP. Under nitrogen gas, to a mixture of AP-TPE (0.20.¢8 mmol)
and KCOs; (0.12 g, 0.84 mmol) in anhydrous 1,4-dioxane (15,man 1,4-dioxane (2
mL) solution of CC (0.068 g, 0.37 mmol) was slowlyded at room temperature. The
mixture was stirred at 90°C for 12 h. The resultingcipitate was collected by
filtration and washed with water, N,N-dimethylformale (DMF), and methanol to
remove the unreacted starting precursors. The ptadlas dried in vacuum at 50°C,
affording the bright yellow powder with a yield @6.1 % (0.17 g). Anal. found: C,

62.42; H, 4.34; N, 21.88.

2.3 Instrumental characterization

MALDI-TOF mass spectrum was taken on a Bruker BIKLE ultra-high resolution Fourier
transform ion cyclotron resonance (FT-ICR) mass cipmeter  with
a-cyano-4-hydroxycinnamic acid as the matrix. NMsedra were recorded on a Bruker
DPX 400 spectrometer in indicated solvent and egfeed internally using the respective

typical residual solvent resonances relative to&iMolid-state NMR spectra were collected



on a 400 MHz Bruker Avance Ill spectrometer. Fautransform infrared spectra (FT-IR)
were recorded as KBr pellets using a Bruker TeB3ospectrometer with 2 crresolution.
Elemental analysis data were carried out on Eleaneviavio El Il elemental analyzer.
Thermal gravimetric analysis (TGA) datum was cdbécon a PerkinElmer TG-7 analyzer
with a heating rate of 5°C mihin the range of 25~800°C undep Btmosphere. Scanning
electron microscope (SEM) image was obtained ugidgOL JEM-6510A scanning electron
microscopy. Transmission electron microscopy (TEMNoto was provided by HT7700
electron microscope. Steady-state fluorescencetrsgeopic studies were performed on
F4500 (Hitachi) analyzer. X-ray photoelectron spe¢XPS) data were collected from PHI
5300 ESCA System (PerkineElmer, USA). The sorptemtherms were obtained using a

Micromeritics ASAP 2020 surface area analyzer.

2.4 Measurement for gas adsor ption

Before the gas sorption measurements, the powdeplsaof PTOP was degassed at 100°C
for 12 hours to drastically eliminate the volasl@vents blocked in pores. The porous nature
was examined with Nand CQ as adsorbate. The sorption isotherms were cotleate’7,
195, 273, and 298 K, maintaining in a bath of ldqmitrogen, dry ice/acetone slurry, an

ice/water mixture, and water in an air-conditio3dC laboratory, respectively.

2.5 Sensing experiments for metal ions and aromatic derivatives

Prior to sensing experiment] OP (0.25 mg) was sonicated in methanol (1.0 mL) for
20 minutes to ensure the well dispersion. For tle¢éainons sensing experiments, the
fluorescence detection was performed by addingntie¢ghanol solution of different
metal ions (N§ Mg**, Al**, K*, F&*, F€*, Co™*, Ni¥*, C&#*, zr?*, Ag", Cd, B&",

Hg®*, and PB’, respectively) into a quartz cuvette containinsuapension oPTOP.



With regard to the aromatic derivatives detectioqpegiments, aromatic solvent
(toluene, paraxylene, mesitylene, benzaldehydeyrochénzene, benzonitrile, benzoic
acid, phenol, and nitrobenzene, respectively) wdded into a quartz cuvette

containing a methanol solution BT OP in well dispersed form.

3. Results and Discussion

3.1 Synthesis and char acterization

The purity of AP-TPE has been checked by MS spetich NMR spectra, Fig. S1.
PTOP was synthesized through the reaction between AP-aRd CC with the
assistance of CO;, Scheme 1. As mentioned above, the existencelfoyrimidine
nitrogen atoms and amino groups surrounding thg-rzine segments inside the
pores ofPTOP creates abundant potential chelating sites foahiens.

Fig. 1a shows the solid static CP/MAS NMR spectrum d?TOP with resonance
signals appearing at 164.4, 158.2, 144.5, 134.7,212nd 125.7 ppm. With the aid of
13C NMR spectrum of AP-TPE in DMSOsdFig. Sic), the signal oPTOP at
approximately 144.5 ppm is unambiguously assigongtié¢ ethylene carbon atoms, the
peaks at 144.5, 134.7, and 127.2 ppm attributdabtzene carbon atoms, and those at
164.4, 158.2, and 125.7 ppm due to the pyrimidemde@n atoms. In addition, triazine
carbon atoms also contribute to the overlappedasi@inl64.4 ppm.

Fourier transform infrared spectroscopy (FT-IR) waso used to illustrate the
successful formation dPTOP. The FT-IR spectra of AP-TPE, CC, aR@TOP are
compared in Fig. 1b. As can be seen, the absorptidB899 cm due to the -Nbl
stretching vibration for AP-TPE got significantlgcteased relative after the formation
of PTOP. In addition, new bands appear at 1715 and 1426 after the integration of

triazine moieties with AP-TPE, confirming the fortiaa of PTOP.



As exhibited from thermal gravimetric analysis (TG@urve of PTOP in Fig. S2,
this material experiences a gradual weight 10s8.6#6 from room temperature to
270°C, due to the release of volatile solvent madkesx embedded inside the pores of
PTOP. After that, the organic component keeps stabkd 440°C and then rapidly
decomposes along with further increasing the teatpes.

The morphology oPTOP was studied first by scanning electron microso&teM),
Fig. 1c, indicating the formation of a peony-likiister assembled from nanosheets,
and transmission electron microscope (TEM) furttearealed the layer-lik€TOP,

Fig. 1d.
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Fig. 1 Various characterization d®TOP including solid statd®C CP/MAS NMR spectrum (a),

FT-IR spectra (b), SEM image (c), and TEM diagrain (

3.2 Gas adsor ption studies

Towards inspecting the porous naturéP@iOP, gas sorption experiments using &hd CQ
as adsorbate, respectively, were carried out. €heltrindicates tha®TOP does not adsorb
any nitrogen at 77 K, possibly due to the existavfoearrow pores, which hinder the Nas
diffusion into the pores. This, however, is notetfior CQ because of the smaller kinetics
diameter of 3.3 A of C@than that of N molecule, 3.64 A.[40] As shown in Fig. 2, the £O

sorption isotherm ofPTOP at 195 K shows a typical type | character, disolgpsthe



microporous nature ®TOP. The experimental Brunauer-Emmett-Teller (BET face area
amounts to 227 frg ™. In addition, the C@adsorption isotherms &fTOP at 273 and 298 K
were also determined, showing the uptakes at 766ignaf 22 and 15 cthg?, respectively,
confirming the porous nature BT OP. According to the virial equation,[41,42] the it
heat of 28.8 kJ mol was calculated by fitting the adsorption isothemesasured at 273 and
298 K. Obviously, the existence of the permanemogity for PTOP would be favorable to

the diffusion of analyte in sensing.
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Fig. 2 CO, adsorption and desorption BT OP at 195, 273 and 298 K, respectively.

3.3 Detection of metal ions

TPE is a typical AIE chromophore. After integratiohfour 2-aminopyrimidin groups

with a TPE unit, the new obtained AP-TPE in DMF ibxis a very weak emission, Fig.
S3. After increasing D content in HO/DMF solution to 30%, there suddenly
appears a strong emission at 517 nm, Fig. S3b. WmeribO content was further

gradually increased to 70%, the emission maximumABfTPE undergoes the blue
shifts from 526 to 506 nm and the increased flumase intensity. The blue-shift at
lower water fraction is originated from the fornwati of a higher ordered

microstructure following the increase of water frawc.[43,44] By increasing the
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content of HO to 90%, the fluorescence intensity of AP-TPE wethuced because of
aggregation effect and the emission maximum wadugtley red-shifted back to 525
nm. These results clearly disclose the presencaggregation-induced emission,
confirming the newly fabricated AP-TPE being AlBiae. The combination of
AP-TPE into porous organic polymers must resulaumAlE-confined fluorescence
species.

As can be found in Fig. S4, the emission peak posibf PTOP (0.25 mg/mL
dispersion solution) slightly depends the solvegmecses. In detail, the maximum
emission of this material keeps constant at ca. 50mhm in DMF,
N,N-dimethylacetamide (DMA), methanol (MeOH), etbhracetone, tetrahydrofuran
(THF), ethyl acetate, chloroform, and toluene, Bisplays a slight blue shift in the
narrow range of 0~5 nm for water, acetonitrile, owhexane. However, the
fluorescence intensity @&TOP shows a solvent-dependent character associatéd wit
the solvent polarity effect.[45] SincTOP in methanol exhibits the strongest
emission intensity among all solvents, the subseig@ensing experiments were
carried out in methanol as detailed below.

For the purpose of studying the sensing propedid3l OP towards metal species,
its fluorescence properties were investigated bgirgdthe methanol solution of a
series of metal ions including NaMg?*, AlI**, K*, F&*, Fe€*, C&*, Ni¥*, Cu#*, zn*,
Ag*, cd*, B&', HF", and PBb" (10 mM) into the methanol suspension RFOP.
According to the experimental results, additionNaf” and Md"* solution induces a
slight increase in the fluorescence intensity, haddition of the other metal ions
leads to the varying fluorescence quenching phenamdepending on the metal
species, Fig. 3a and S5a. It is well known that $keasing performance of the

fluorescent sensor is closely dependent on bothséhective binding of receptor to
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detected target and the accordingly signal chamdkeofluorescent unit.[46,47] As a
consequence, the fluorescent sensor will exhidgcsige sensing function towards
different targets. This is also true for target ahéns. However, the essential reason
behind the different quenching of fluorescence sefar different metal ions such*K
vs. PE/Hg*" is still not clear at the present stage. Inteng$yi the fluorescence of
PTOP is completely quenched after addition of°fdn addition to the selective
binding between the sensor and’Father than other metal ions such a$Rind C4&*,
the present great quenching of Fen the fluorescence sensor might be also dueeto th
synergistic effect ol orbit and paramagnetism, which is consistent withreported
literature.[48-50] In addition, time-dependent segsexperimental towards Eeion
indicates the immediate emission quenching flowirggFé* addition, Fig. 3b.

Furthermore, interference experiments were carriedt for PTOP by
simultaneously introducing Eeions (10 mM, 1.0 mL) and other metal ions (10 mM,
1.0 mL) into the suspension (0.5 mL) BTOP at room temperature. Even in the
presence of various interference cations, the duegceffect of the F& ions on the
emission ofPTOP was still significant, Fig. S5b, further confirnginhe high-selective
sensing capability of this porous organic polynoevards F&" ions.

Given the fact that excess amount of 'Fien is harmful for human organisms,
developing selective and sensitive sensors fot" Rherefore is of significant
importance. To qualitatively investigate the quenghsensitivity of PTOP towards
Fe** analyte, the fluorescence spectra BTOP were determined in different
concentrations of P& ion, Fig. 3c. According to the Stern-Volmer eqaati
lo/1=1+K[M][49,51] (lo: the initial fluorescence intensity in the abseotEe™; I: the
fluorescence intensity in the presence of'fFKs: the quenching constant; [M]: the

molar concentration of Béanalyte), quenching consta, of 5.6 mM™ for PTOP
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towards F& was deduced on the basis of experimental reskilys,3d. This in turn
gives the limit of detection (LOD) concentration 4f5 uM for PTOP towards
fluorescence sensing ¥eaccording to the equatiors&s, (o: standard deviation),
which is lower than that for most previously regartfluorescent sensing materials
towards F&" ion.[52—54] Towards the practical use, the serisitof PTOP to detect
Fe** ion in aqueous solution was also tested, and #tectdon limit of PTOP was
calculated to be 7.0M by the same method, as shown in Fig. S6. In tkegnt case,
the LOD of PTOP for F€" in aqueous solution is also obviously lower thhae t
drinking water hygiene standard of 0.3 mg/L (5.4 )noposed by "drinking water
sanitary standard” (GB5749-2006) of People's Repuddl China[55] as well as the
international standard water quality index and tiralue (0.3 mg/L),[56] indicating

the future practical application potential of treauly developedPTOP.
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Fig. 3 (a) Quenching efficiency d?TOP immersed in MeOH solutions of different metal io(is) The
time-dependent emission intensity (at 507 nmPBOP immersed in a MeOH solution of don (inset:
the time-dependent emission spectra under theagircitwavelength of 410 nm). (c) Emission spectra b
the gradual addition of a Femethanol solution (inset: images under sunligltt 385 nm UV-radiation of

PTOP (left) andPTOP@F€" (right), respectively). (diKs, curve ofPTOP immersed in MeOH solutions
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of F€"* ion with different concentrations (insert: the ohedly/| curve with the increased concentration of

Fe** ion).

Towards understanding the fluorescence quenchinthamésm ofPTOP by Fé*, X-ray
photoelectron spectroscopic (XPS) studies were woted on the Fé-tested material
(denoted aPTOP@F€E™"). As can be seen from Fig. 4a, besides C and Mezles, XPS
spectrum oPTOP@F€* also displays the Eeelement signal at the binding energy of 711.0
eV,[57] indicating the inclusion of Bewithin the pores oPTOP. Nevertheless, the peak due
to the combination of $p(-C=N) and sp (-NH) nitrogen atoms at the binding energy of
398.4 eV in the high-resolution N 1s XPS spectrdr®DOP takes a slight up-shift to 398.6
eV for PTOP@Fé", Fig. 4b, suggesting the existence of interadtietween F& cations and

imine group basic sites BTOP@F€".

—PTOP c b Ni1s
o N 399.8 eV
n‘ ; . _ PTOP

W‘J\/ 400.0 eV

d

Intensity /a.u.
Intensity /a.u

900 800 700 600 500 400 300 200 406 404 402 400 398 396 394 392

Rindina enerav / eV Rindina enerav / eV

Fig.4 XPS spectra (a) and N 1s XPS spectra (bPT®P (purple) andPTOP@F€* (orange).

3.4 Detection of aromatic derivatives

As mentioned above, the wide range of industriad &drochemical application of

various nitroaromatic compounds not only contanggsathe environment but also
seriously threats human health.[58] It is therefonportant to develop the effective
fluorescent sensors for such kind of organic comgsu As a consequence, the
fluorescence properties &TOP were also investigated in the presence of a sefies

aromatic derivatives. As shown in Fig. 5a and & #&mission ofPTOP was not
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influenced by adding the aromatic analytes inclgdimluene, paraxylene, mesitylene,
benzaldehyde, chlorobenzene, benzonitrile, berama, and phenol into the methanol
of PTOP. In contrast, addition of nitrobenzene (NB), theemaplary and harmful
explosive, leads to a sharp fluorescence quencbinBTOP due probably to the
electron transfer from the polymer to analyte,[99,®&dicating the high selectivity of
PTOP toward NB over other aromatic compounds. The guaiegcprocess was also
monitored by the time-dependent emission intenagitghe maximum peak, Fig. S7,
revealing the occurrence of immediate fluoresceguenching. Studies over the
change of emission intensity as a response ofddedaNB concentration revealed that
addition of NB even with the concentration as losv .7 nM induces a serious
fluorescence quenching &TOP, Fig. 5c. When increasing the concentration of NB
introduced to 0.6uM, the fluorescence signal got almost completelyapgpeared.
Aiming for identifying the quenching constant d®®TOP towards NB, the
Stern-Volmer equation was employed again. As showkig. 5d, from the linear
fitting, the quenching constaKt, of 16.3uM* betweerPTOP and NB was deduced,
with the LOD ofPTOP being determined to be 1.6 nM according é3,. This value
again is much lower than the excellent fluoresceaterials for nitrobenzene detection
reported previously,[6565] indicating the good selectivity and high samgit of

PTOP to NB.
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Fig. 5 Emission spectra (a) and quenching efficiency (0PDOP immersed into the MeOH solutions of
different aromatic compounds. (c) Emission spebfrahe gradual addition of a NB methanol solution
(inset: images under sunlight and 365 nm UV-radimtof PTOP (left) and PTOP@NB (right),
respectively). (dKs, curve of PTOP immersed in MeOH solutions of NB with differentroentrations

(insert: the changeld/l curve with the increased concentration of NB).

4. Conclusion

Briefly summarizing above, a new TPE-based pororgarmic polymer has been
fabricated and characterized. The permanent pgrddtE AlEgen, and rich chelating
sitessynergistically contribute to the immediate fluaesce sensing of Fe(lll) and
nitrobenzene with high selectivity and sensitivilty.particular, the limit of detection
concentration of PTOP for fluorescent sensing Feis much lower than the
international standard water quality index, suggegstits good future practical

applications.

Acknowledgements

Financial support from the Natural Science Foumatf China (Nos. 21631003 and

16



21805005), the Fundamental Research Funds for thetr&l Universities (No.
FRF-BD-17-016A and FRF-BR-18-009B), and UniversifyScience and Technology

Beijing is gratefully acknowledged.

References

[1] Seo M, Kim S, Oh J, Kim SJ, Hillmyer MA. Hierdrically porous polymers from
hyper-cross-linked block polymer precursors. J Ane@ Soc 2015;137:600-3.

[2] McKeown NB, Gahnem B, Msayib KJ, Budd PM, Tasteall CE, Mahmood K, et al.
Towards polymer-based hydrogen storage materiaigfineering ultramicroporous
cavities within polymers of intrinsic microporosityAngew Chem Int Ed
2006;21:1804—7.

[3] Han S, Mendoza-Cortés JL, Goddard Ill WA. Rdcadvances on simulation and
theory of hydrogen storage in metal-organic franrwoand covalent organic
frameworks. Chem Soc Rev 2009;38:1460-76.

[4] Kuhn P, Antonietti M, Thomas A. Porous, covdldnazine-based frameworks
prepared by ionothermal synthesis. Angew Chem dén2@08;47:3450-3.

[5] Xu Y, Jin S, Xu H, Nagai A, Jiang D. Conjugatadcroporous polymers: design,
synthesis and application. Chem Soc Rev 2013;42:881L

[6] Cooper A I. Conjugated microporous polymersvAdater 2009;21:1291-5.

[7] Li B, Zhang Y, Krishna R, Yao K, Han Y, Wu Zt al. Introduction oft-complexation
into porous aromatic framework for highly selectagsorption of ethylene over ethane.
J Am Chem Soc 2014;136:8654—-60.

[8] Ben T, Ren H, Ma S, Cao D, Lan J, Jing X, etTargeted synthesis of a porous
aromatic framework with high stability and excepadly high surface area. Angew

Chem Int Ed 2009;48:9457—-60.

17



[9] Ben T, Pei C, Zhang D, Xu J, Deng F, Jing XaktGas storage in porous aromatic
frameworks (PAFs). Energy Environ Sci 2011;4:3991-9

[10] Lu W, Yuan D, Zhao D, Schilling C, Plietzsch ®uller T, et al. Porous polymer
networks: synthesis, porosity, and applicationg&s storage/separation. Chem Mater
2010;22:5964—-72.

[11] Rodenas T, Luz I, Prieto G, Seoane B, Miro Ggrma A, et al. Metal-organic
framework nanosheets in polymer composite matef@isgas separation. Nat Mater
2015;14:48-55.

[12] Farha OK, Spokoyny AM, Hauser BG, Bae Y, Bro8f, Snurr RQ, et al. Synthesis,
properties, and gas separation studies of a ratiumide-based microporous organic
polymer. Chem Mater 2009;21:3033-5.

[13] Alsbaiee A, Smith BJ, Xiao L, Ling Y, HelblinDE, Dichtel WR. Rapid removal of
organic micropollutants from water by a porofiscyclodextrin polymer. Nature
2016;529:190-4.

[14] Chen L, Furukawa K, Gao J, Nagai A, Nakamuyd®ng Y, et al. Photoelectric
covalent organic frameworks: converting open lattidnto ordered donor-acceptor
heterojunctions. J Am Chem Soc 2014;136:9806-9.

[15] Horike S, Umeyama D, Kitagawa S. lon conduttivand transport by porous
coordination polymers and metal-organic framewofice. Chem Res 2013;46:2376—84.
[16] Kreno LE, Leong K, Farha OK, Allendorf M, Vabuyne RP, Hupp JT,
Metal-organic framework materials as chemical segohem Rev 2012;112:1105-25.
[17] Kaur P, Hupp JT, Nguyen ST. Porous organig/mars in catalysis: opportunities
and challenges. ACS Catal 2011;1:819-35.

[18] Wu C, Hu A, Zhang L, Lin W. A homochiral poresunetal-organic framework for

highly enantioselective heterogeneous asymmetritalysas. J Am Chem Soc

18



2005;127:8940-1.

[19] Luo J, Xie Z, Lam JWY, Cheng L, Chen H, Qiu &, al. Aggregation-induced
emission of 1-methyl-1,2,3,4,5-pentaphenylsilolee@® Commun 2001;0:1740-1.

[20] Hong Y, Lam JWY, Tang BZ. Aggregation-inducednission. Chem Soc Rev
2011;40:5361-88.

[21] Mei J, Leung NLC, Kwok RTK, Lam JWY, Tang BZggregation-induced
emission: together we shine, united we soar! ChemZ®15;115:11718-940.

[22] Wang H, Li B, Wu H, Hu TL, Yao Z, Zhou W, XignS, Chen B, A flexible
microporous hydrogen-bonded organic framework g gorption and separation. J Am
Chem Soc 2015;137:9963-70.

[23] Wang H, Bao Z, Wu H, Lin RB, Zhou W, Hu TL, B, Zhao JCG, Chen Bwo
solvent-induced porous hydrogen-bonded organic dwaonks: solvent effects on
structures and functionalitig€Shem Commun 2017;53:11150-3.

[24] Dalapati S, Jin E, Addicoat M, Heine T, JidbgHighly emissive covalent organic
frameworks. J Am Chem Soc 2016;138:5797-800.

[25] Shustova NB, McCarthy BD, Diac M. Turn-on fluorescence in
tetraphenylethylene-based metal-organic frameworksan alternative to
aggregation-induced emission. J Am Chem Soc 203120226-9.

[26] Guo Y, Feng X, Han T, Wang S, Lin Z, Dong Y,a. Tuning the luminescence of
metal-organic frameworks for detection of energdteterocyclic compounds. J Am
Chem Soc 2014,136:15485-8.

[27] Liu Y, Deng C, Tang L, Qin A, Hu R, Sun J,at Specific detection of D-glucose
by a tetraphenylethene-based fluorescent sen8an. Ghem Soc 2011;133:660-3.

[28] Tong H, Hong Y, Dong Y, Haul3ler M, Lam JWY, Ej et al. Fluorescent “light-up”

bioprobes based on tetraphenylethylene derivatviés aggregation-induced emission

19



characteristics. Chem Commun 2006;35:3705-7.

[29] Wei Y, Chen W, Zhao X, Ding S, Han S, CherSlolid-state emissive cyanostilbene
based conjugated microporous polymers via costi#fe Knoevenagel
polycondensation. Polym Chem 2016;7:3983-8.

[30] Ma T, Zhao X, Matsuo Y, Song J, Zhao R, Fahadmet al. Fluorescein-based
fluorescent porous aromatic framework forFeetection with high sensitivity. J Mater
Chem C 2019;7:2327-32.

[31] Yu C, Sun X, Zou L, Li G, Zhang L, Liu Y. A lar-layered Zn-LMOF with
uncoordinated carboxylic acid sites: high perforoefor luminescence sensing*Fand
TNP. Inorg Chem 2019;58:4026—-32.

[32] Pu Y, Yu Z, Wang F, Fu Y. Selective fluorescersensing op-nitroaniline and F&
ions by luminescent Eu-based metal-organic framkew®ensor Rev 2019;39:149-61.
[33] Zhang X, Zhuang X, Zhang N, Ge C, Luo X, Lied,al. A luminescent sensor based
on a Zn (ii) coordination polymer for selective asehsitive detection of NACs and’te
ions. Cryst Eng Comm 2019;21:1948-55.

[34] Guo L, Zeng X, Cao D. Porous covalent orgarotymers as luminescent probes for
highly selective sensing of Eeand chloroform: functional group effects. SensotuAt

B: Chem 2016;226:273-8.

[35] Dong J, Li X, Zhang K, Yuan Y, Wang Y, Zhai let al. Confinement of
aggregation-induced emission molecular rotors itratidin two-dimensional porous
organic nanosheets for enhanced molecular recognitiJ Am Chem Soc
2018;140:4035-46.

[36] Wei F, Cai X, Nie J, Wang F, Lu C, Yang GaétA 1,2,3-triazolyl based conjugated
microporous polymer for sensitive detection whitroaniline and Au nanoparticle

immobilization. Polym Chem 2018;9:3832-9.

20



[37] LiuY, Mu C, Jiang K, Zhao J, Li Y, Zhang Lt al. A tetraphenylethylene core-based
3D structure small molecular acceptor enablingceffit non-fullerene organic solar cells.
Adv Mater 2015;27:1015-20.

[38] Lai Y, Chang C. Photostable BODIPY-based moleavith simultaneous type | and
type Il photosensitization for selective photodymamwancer therapy. J Mater Chem B
2014,2:1576-83.

[39] Ma H, Kan J, Chen G, Chen C, Dong Y. Pd NRsidd homochiral covalent organic
framework for heterogeneous asymmetric catalydienCMater 2017;29:6518-24.

[40] Mondal SS, Bhunia A, Kelling A, Schilde U, Jak C, Holdt H. Giant Zp
molecular building block in hydrogen-bonded netwuarikh permanent porosity for gas
uptake. J Am Chem Soc 2014;136:44—7.

[41] Wen HM, Liao C, Li L, Alsalme A, Alothman Z, ishna R, et al. A metal-organic
framework with suitable pore size and dual funaiidres for highly efficient
post-combustion C&capture. J Mater Chem A 2019;7:3128-34.

[42] Wen HM, Li L, Lin RB, Li B, Hu B, Zhou W, Hu,JChen B. Fine-tuning of
nano-traps in a stable metal-organic frameworkhighly efficient removal of propyne
from propylene. J Mater Chem A 2018;6:6931—7.

[43] Huang Y, Mei J, Ma X. A novel simple red eraittcharacterized with AIE plus
intramolecular charge transfer effects and itsiappbn for thiol-containing amino acids
detection. Dyes Pigments 2019;165:499-507.

[44] Bai W, Wang Z, Tong J, Mei J, Qin A, Sun JAang BZ. A self-assembly induced
emission system constructed by the host—guestrtien of AIE-active building blocks.
Chem Commun 2015;51:1089-91.

[45] Yan X, Cook TR, Wang P, Huang F, Stang PJ.hHigemissive platinum (lI)

metallacages. Nat Chem 2015;7:342-8.

21



[46] Ballesteros E, Moreno D, Gémez T, Rodriguez T, RpjGarcia-Valverde M, et al.
A new selective chromogenic and turn-on fluorogemimbe for copper(ll) in
water-acetonitrile 1:1 solution. Org Lett 2009;1269—72.

[47] Zhang X, Hayes D, Smith SJ, Friedle S, LippardN&w strategy for quantifying
biological zinc by a modified zinpyr fluorescenceensor. J Am Chem Soc
2008;130:15788-9.

[48] Ding W, Xu J, Wen Y, Zhang J, Liu H, Zhang BRighly selective “turn-on”
fluorescent sensing of fluoride ion based on a wgeied polymer thin film-F&
complex. Anal Chim Acta 2017;967:78-84.

[49] Liu J, Zhong Y, Lu P, Hong Y, Lam JWY, Faidd| et al. A superamplification effect
in the detection of explosives by a fluorescentdnppanched poly (silylenephenylene)
with aggregation-enhanced emission characterifRiclym Chem 2010;1:426-9.

[50] Zhang Z, Li F, He C, Ma H, Feng Y, Zhang Y,at Novel F&" fluorescence probe
based on the charge-transfer (CT) molecules. Sé&uwtoat B: Chem 2018;255:1878-83.
[51] Wang H, Wang D, Wang Q, Li X, Schalley CA. k&t (II) and iron (lll) selective
off-on-type fluorescence probes based on perylettadarboxylic diimide. Org Biomol
Chem 2010;8:1017-26.

[52] Namgung H, Kim J, Gwon Y, Lee T. Synthesispoly (p-phenylene) containing a
rhodamine 6G derivative for the detection of F& {H organic and aqgueous media. RSC
Adv 2017;7:39852-8.

[53] Huang Y, Chen H, Wang Y, Ren Y, Li Z, Li L, at A channel-structured Eu-based
metal-organic framework with a zwitterionic ligafior selectively sensing Beions.
RSC Adv 2018;8:21444-50.

[54] Chen X, Zhao Q, Zou W, Qu Q, Wang F. A colceint FE€* sensor based on an

anionic poly(3,4-propylenedioxythiophene) derivativ Sensor Actuat B: Chem

22



2017;244:891-6.

[55] Baidu Baike of China,
https://baike.baidu.com/item/GB5749-2006/6553808addin

[56] World Health Organization, Guidelines for ddang-water quality: fourth edition
incorporating the first addendum, 2017.

[57] Zhu J, Chen F, Zhang J, Chen H, Anpo M>*"FgO, photocatalysts prepared by
combining sol-gel method with hydrothermal treattnand their characterization. J
Photoch Photobio A 2006;180:196—-204.

[58] Pramanik S, Zheng C, Zhang X, Emge TJ, Li éwiNmicroporous metal-organic
framework demonstrating unique selectivity for d#@ten of high explosives and
aromatic compounds. J Am Chem Soc 2011;133:4153-5.

[59] Shanmugaraju S, Jadhav H, Karthikb R, Muklesrj®S. Electron rich
supramolecular polymers as fluorescent sensors ritroaromatics. RSC Adv
2013;3:4940-50.

[60] Li J, Liu J, Lam JWY, Tang BZ. Poly(arylene omylene) with an
aggregation-enhanced emission characteristic: @etcent sensor for both hydrazine
and explosive detection. RSC Adv 2013;3:8193-6.

[61] Rameshkumar P, Viswanathan P, Ramaraj R. a&dicsol-gel stabilized silver
nanoparticles for sensor applications toward méecions, hydrogen peroxide and
nitrobenzene. Sensor Actuat B: Chem 2014;202:1070-7

[62] Rastogi PK, Ganesan V, Krishnamoorthi S. Rlllan nanoparticles incorporated
polymer-silica hanocomposite based electrochenseaking platform for nitrobenzene
detection. Electrochim Acta 2014;147:442-50.

[63] Liu L, Chen J, Yu C, Lv W, Yu H, Cui X, Liu LA novel Ag(l)-calix[4]arene

coordination polymer for the sensitive detectiond agfficient photodegradation of

23



nitrobenzene in aqueous solution. Dalton Trans 2BtY78-85.

[64] Wu W, Liu P, Liang Y, Cui L, Xi Z, Wang Y. Tke luminescend'® metal
coordination polymers assembled from a semirigish¥ped ligand with high selective
detecting of C& ion and nitrobenzene. J Solid State Chem 2015]228:30.

[65] Shi M, Yang J, Liu Y, Ma J. Four coordinatiopolymers based on
1,4,8,11-tetrazacyclotetradecane-N,N’,N”,N”-tatmethylene-benzoic acid: syntheses,
structures, and selective luminescence sensingof(lll) ions, dichromate anions, and

nitrobenzene. Dyes Pigments 2016;129:109-20.

24



Highlights

® A fluorescent porous tetraphenylethylene-based niegpolymer PTOP) was

constructed.

e CO, sorption experiment reveals that the BET surfaea afPTOP is 227 nf
g

® PTOP endows a fast-response and sensitive fluorescsacosing Fe(lll) and

nitrobenzene with a low limit of detection of 4161 and 1.6 nM, respectively.



