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A novel 8-hydroxyquinoline functionalized pillar[S]arene (SPQ5) with AIE

fluorescence could sequentially detect toxic Hg?* and CN™ in aqueous medium with

high selectivity and sensitivity.



A Novel AIE Chemosensor Based On Quinoline Functionalized
Pillar[5]arene for Highly Selective and Sensitive Sequential

Detection of Toxic Hg?* and CN’

Xiao-Qiang M4, Yun Wan{, Tai-Bao Weft*, Li-Hua Qi®, Xiao-Mei Jiang, Jin-Dong

Ding® Wen-Bo Zhf, Hong Yad, You-Ming Zhan§ ®and Qi Lirf*

& Key laboratory of Polymer Materials of Gansu Province, College of Chemistry and
Chemical Engineering, Northwest Normal University, Lanzhou 730070, China.

E-mail: weitaibao@126.com, lingi2004@126.com

P College of Chemistry and Chemical Engineering, Lanzhou City University, Lanzhou,
Gansu, 730070, China.

ABSTRACT

Aggregation-induced emission (AIE) is widely used fluorescence “on-off-on”
detection ions and molecular. Herein, we reporioeeh AIE chemosensor through
self-assembly of quinoline functionalized pillags¢ne $PQ5). The SPQ5 can bind
with Hg?* tightly through coordinating reaction. By introdlug Hof* into AIE-based
chemosensor, metal-coordinated chemosen&RQ%-Hg?") was obtained, the
SPQ5-Hg?* could high selectively and sensitively detectidnGiN™ by competitive
coordinating interactions. The LODs $PQ5 for H* and CN are 2.53x18 M and
7.71x10° M, respectively. In addition, H§ test kit was prepared by loading the
SPQ5 chemosensor on a silica gel plate, which couldenoanvenient and efficiency
detection H§" and CN. Interestingly, the chemosens&PQ5 could instant sense the
Hg®* and CN by the changing of fluorescence color and fluczase intensity.
Notably, the fluorescence intensity changesSBO5 upon the addition of H§ and
CN were utilized as an IMP logic gate at the moleclgsel, using H§" and CN as

chemical inputs and the fluorescence intensityaigs the output. On the other hand,



the test kit by loadingSPQ5 on a silica gel plate was prepared for convenient
detection of H§". This study provides a practical application foe sensing of toxic

ions in aqueous solution by the construction ofamwlecular system.

Keywords: Toxic ion; AIE fluorescence; Pillar[5]arene; Chemosensor; Highly sensitive

detection; Logic gate.



1. Introduction

In recent years, detection of toxic ions has gaipedamount importance in
biological, chemical and environmental applicatioAsong the various cations and
anions, mercury and cyanide are considered to Xie tons for human health and
natural environment. Mercury is one of the well-smoheavy toxic metal which can
exist in different forms, such as elemental, orgamd inorganic forms [1-2]. The risk
of such pollutants even at invisible trace levelthat they can be progressively
concentrated through the food chain and form aatht@ human health. Moreover,
low concentration of mercury induces wide varietgerious health effects. Similarly,
CN is considered as one of the most toxic anionstdu@N could associated with
binding to the iron in hemoglobin, which interrupectron transport and causes
hypoxia [3-4]. In spite of its extreme toxicity,efCN is still extensively used in the
gold and silver mining industry, plastic manufastgrand resin industry. Therefore,
the quantitative detection of toxic ions are impattarea of ions detection research.

Chemosensors for sequential detection of diverd®nsa and anions, such as
anion-anion [5-6], anion-cation [7-8], cation-anifgi11], cation-cation [12-13], has
been reported. An example of the sequential detectoxic ions via a single
fluorescent chemosensor has been little reportedte. Additionally, development of
selective and sensitive probes with environmemttdrest for the determination and
visualization of analytes (metal ions [14-16], ari§¢17-19] and molecular [20-22]) is
a very attractive research topic in the chemoseng3-24]. A various of analytical

methods has been reported [25-29] for detectionHgf* and CN, but the



fluorescence based technique is always attracteeause of their high sensitivity,
sensitive response time, and simple technology. 8Fhgdroxyquinoline moiety has
valuable structural characteristics of the mostelyicemployed molecular platforms
to construct many unique ionophoric systems forrdwgnition of important metal
ions and effective light-emitting devices [30-3It].recently, quinoline-functionalized
pillar[5]arene reported by others mainly was sugaplin fields of detection for
radioactive element [32] and gas adsorption [33gweler, 8-hydroxyquinoline
functionalized pillar[5]arene with AIE for detectief toxic ions is rarely.
Aggregation-induced emission (AIE) is a fluorescghénomenon that a molecule
or molecular fragment exhibits enhanced fluoresegmoperties in the aggregated
state, as results of restriction of intramolecutastions, rotations or vibrations, that
leaded to the three-dimensional (3D) conformatiasfs AIE gens effectively
strengthened aggregated-state fluorescence [34f3Gprescence based on AIE
chemosensors have emerged to show great poteatiahtmical sensing [36-38],
optoelectronic applications [39-41] and bio-imagifjg2-44]. Construction of
functional supramolecular polymer into AIE molecutan greatly expand their
potential fluorescence sensing application [45-48Jecent years, tetraphenylethene
(TPE) has been vibrantly developed, due to TPEaboimg four rotatable phenyl
rings exhibits AIE activity [49-51]. Additionallytriphenylamine [52-53] and 1,
8-Naphthalimide [54-56] derivatives are also recgjwontinuous attention owing to

their wide AIE activity in ions detection and bigioal images.

Pillar[n]arenes as a new class of macrocyclic hase been widely reported due to

their intrinsic uniquely rigid symmetrical pillarréhitecture and easy function



properties [57-59]. Pillar[5]arene-based variou$-agsembly driving forces such as
hydrogen bonds [60-61f-n stacking [62-63], host-guest interactions [64-@B(d
metal-ligand binding [66-67] C-Hr interactions [68-69] and so on. Much more
importantly, these various self-assembly drivingrcés also provide good
opportunities to achieve controllable multi-stimoéisponse [70-71]. Developing a
pillar[5]arene chemosensors based on AIE activigy always an important topic in
this area. Therefore, they have obtained more aoik rattention of researchers in
recent years. In our recent research, we found thélar[5]arene-based

supramolecular also reveal AIE activity [72-73].

In view of these and as a part of our researchraste in ions recognition and
pillar[5]arene-based supramolecular chemosensors78f, we report a novel
8-hydroxyquinoline functionalized pillar[5]areneudfirescent probeSPQ5), which
shown strong AIE fluorescence in aqueous solutibime SPQ5 could act as an
AlE-based chemosensor for highly selectivity andsi#vity detection of H§ and
CN in DMF/water (8:2, v/v) binary solution by coordiion interaction. The LODs
of SPQ5 for Hgf" is 2.53x1F M and CN is 7.71x1C M, respectively. Moreover,
other cations and anions didn't interfere in thesimy processes. The Hgsensing
mechanism was based on coordination betweét &gl SPQ5, fluorescence recover
by added CNdue to CN break this coordination. In addition, Hdest kits, prepared
by loading theSPQ5 on silica gel plates, could conveniently and é&ffitly detection
of Hg?* in aqueous solution with highly sensitivity. Mearile, we design IMP logic
gate controlled by Hg and CN can provide significantly increased the ability to

expand the repertoire of available operations.



2. Experiment

2.1. Materials

Unless otherwise stated, all chemical reagents wbétained from commercial
suppliers and used without further purificationi@ats used were purified and dried
by standard methods prior to use. Commercially amie used without further
purification. All the anions were added in the foomtetra butyl ammonium (TBA)
salts, which were purchased from Sigmae Aldrich ralbal, stored in a vacuum
desiccator. All cations were used as the percldaalts, which were purchased from
Alfa Aesar and used as received.

Scheme 1
2.2. Instruments

Melting points were measured on an X-4 digital mgltpoint apparatus and were
uncorrected. Fluorescence spectra data were raetoate Shimadzu RF-5310
spectrometer. ThEMR spectra were obtained on a Mercury-600 BB spewtter
with tetramethylsilane (TMSj scale with solvent resonances as internal stasjlasd
inner standard. High-resolution MS was conductedadBruker Esquire 3000 Plus
spectrometer (Bruker-Franzen Analytik GmbH Brent@armany) equipped with ESI
interface and ion trap analyzer. Powder X-ray ddfron data were collected using a
Rigaku RINT2000 diffract meter equipped (coppergeésr A = 0.154073 nm).
Scanning electron microscopy (SEM) images of thegels were investigated using

JSM-6701F instrument.

2.2. Synthesis dBPQ5

Synthesis ofSPQ5: Pillar[5]arene 2 (0.9 g, 1 mmol) and Kl (0.183 gl Inmol)
were added to a solution 05®0O; (0.138 g, 1 mmol) and 8-hydroxyquinoline(0.16 g,
1.1 mmol) in acetone/N,N-Dimethylformamide (v/v 3D:The mixture was heated
under nitrogen atmosphere at reflux for 48 h. Aewshin Scheme 2. The solid was

filtered off and the solvent was removed. The crpdeluct was isolated by column



chromatography using petroleum ether/ethyl acefafte 5:1) to get a white solid
SPQ5 (0.61 g, 63%). m.p. 92-94 'H NMR (Fig. S3) (600 MHz, CDGJ room
temperaturey (ppm): 8.95 (dJ=4Hz, 1H), 8.12 (tJ=8Hz, 1H), 7.45 (m, 2H), 7.38 (d,
J=8Hz, 1H), 7.07 (dJ=6Hz, 1H), 6.78(m, 10H), 4.27 (d=8.3Hz, 2H), 3.86 (t,
J=6Hz, 2H), 3.76 (dJ=10.5Hz, 10H), 3.66 (m, 27H), 2.10 (m, 2H), 1.862f), 1.64
(t, J=7.2Hz, 4H).*C NMR (Fig. S4) (150MHz, CDGJ room temperature) (ppm):
155.04, 150.88, 150.84, 150.20, 149.54, 140.64,1136129.74, 128.57, 128.44,
128.36, 126.89, 121.76, 119.69, 115.01, 114.11,014@08.84, 69.03, 68.57, 55.91,
30.07, 29.55, 26.31. ESI-MS m/8HQ5]" Calcd GgHegsN1011 964.17, found 964.46.

(Fig. S5).



3. Resultsand discussion

A novel quinoline functionalized pillar[S]arene detive (SPQ5) has been
synthesized by rationally connected a pillar[5]@enmoiety and an
8-hydroxyquinoline groups (Scheme $RQ5 and its intermediate were characterized
by 'H NMR and™*C NMR, and ESI mass spectra (Fig. S1-S5). Intergisti the
SPQ5 as novel AIE active moiety caused by pillar[5]aeshows strongly AIE
fluorescence. In order to investigate the AIE ieflue, a series of aggregated
fluorescence experiment were carried out (FigThe optical measurements SPQ5
were conducted in DMFAD (8:2, v/v)binary solution at a fixed concentratio
(2.0x10* M). The supramolecular chemosenSBQ5 has almost no fluorescence in
pure DMF solution (Fig. 1). Upon the addition ofrieais water content, thBPQ5
exhibits enhanced aggregation fluorescence as waigent increases and reaches the
strongest emission intensity at£ 20%, with the relative emission intensity {J/up
to 7.88-fold at 410 nm (Fig. 1b). In the solutioh $PQ5, white precipitate also
appeared when water content increased over 40%ddiition, the AIE feature of
SPQ5 could be directly observed by the fluorescencercohanges taken under 365
nm UV lamp (Fig. 1b, inset). The fluorescence quanyields ofSPQ5 in pure DMF
and DMF/water binary solution{f= 20%) were determined as 11.24% and 37.8%,
respectively, according to the corresponding foemil9], using quinine sulfate as
standard.

Fig. 1

In order to further explore the AIE propertiesSHQ5, XRD, Tyndall phenomenon



and SEM had been carried out. In the XRD spectig. (66), the powder of
chemosensoiSPQ5 obtained from DMF had weakly signal peak. Howewbg
powder obtained from DMF/AD (8:2, v/v) binary solution 08PQ5 clearly shown
significant pick at 8 = 23.25° and 2= 24.15° (d= 3.82 A and 3.68 A). Above result
attributed to enhancement of-n stacking with increasing of water content.
Interestingly, with increasing of the water confeedpecially when the water content
reached 20%, a significant Tyndall phenomenon (f€igda) was observed in
DMF/H,O binary solution, indicating that the aggregatioh SPQ5 induced
enhancement of AIE fluorescence. Meanwhile, aftggregation of SPQ5 in
DMF/H,0 binary solution, the surface morphologySHQ5 changed from irregular
block (Fig. 6a) to coral-like structure (Figure 2ahich also indicates the formation
of supramolecular polymers by aggregatiorSBQ5 in DMF/H,O (8:2, v/v) binary
solution, supporting the correctness of above astembly mechanism.

The AIE activity of chemosens&PQ5 was also investigated. Bi# NMR titration
methods, the aqueous-content-dependdniMR titration spectra (Fig. 3) provided
important insights into their AIE behaviors, withet addition of RO, the hydrogen
protons (H, Hs, Hs s Hg and H) on the 8-hydroxyquinoline downfield 0.02, 0.03)®
0.03 ppm and upfield 0.03 ppm, respectively (Fig, ®hich could attributed
8-hydroxyquinolines moiety through-n stacking interaction self-assembled into a
supramolecular dimer. Meanwhile, the protons of aggrogen of pillar[5]arene of
cavity (Ha), chain alkyl(Hd), methoxy(Hc) and md#mne hydrogen(Hb) upfield 0.01,

0.01, 0.03 and 0.02 ppm, respectively, indicated ghsupramolecular network was



formed byn-n stacking between the cavities of the pillar[S]&eand driven by
multiple C-H--xt interactions between cavities of the pillar[5]aeand methoxy
protons (Scheme 2c).
Fig. 2

The fluorescence behavior @PQ5 towards metal ions was carried out in
DMF/H,O (8:2, v/v) binary solution. The recognition pte§ of the chemosensor
SPQ5 towards various cations (Zn P, Cdf*, Ni¥*, Cd*, HF*, Ag", C&*, Mg,
cr', B&", Tb*, EU*, La® and AP") were primarily investigated using fluorescence
spectra (Fig. 4), when 2.0 equiv. of the variousoca were added, only Hcould
significantly quench the fluorescence, immediatéfieanwhile, blue fluorescence
disappeared was observed under UV lamp (Fig. 4)lnbe fluorescence intensity of
the peak at 410 nm sharply decreased, which iretictitat the chemosenssPQ5
changed into metal coordination polyn®?Q5-Hg?*. As a result, the Hg could be
easily detected through the fluorescent coloSBEQ5 solution transformation from
blue to colorless under the UV lamp. The fluoreseerspectral properties of
chemosensoBPQ5 towards H§" were also carried out in the solution of DMBIH
(8:2, v/v), which we got the same experiment phezroon as the above situation. In
order to investigate the binding properties of tieeeptor SPQ5 towards H§',
fluorescence titration o8PQ5 has been carried out in DMF@ (8:2, v/v) binary
solution. As shown in Fig. S4, the spectral emissiensity ofSPQ5 quenched with
the addition of H§'". In the fluorescence spectra, upon addition oféiasing amounts

of Hg™* (0-1.73 equiv.) to the solution 0BPQ5 in DMF/H,O (8:2, viv), the



fluorescence emission at 410 nm showed a dramatcescence quenching by 92%
(quenching efficiency (lg)/1x100% = 92%). The detection limit of the fluocest
spectra changes calculated on the basisot8 & 2.53x18 M for Hg?* (Fig. S8),
which is lower than other various reported methfdle 1). The lower detection
limit revealed the high sensitivity PQ5 towards H§". In addition, when the
amount of H§" is beyond 1.73 equiv., the emission at 410 nm<gédndsaturation.
Furthermore, in order to quantify the complexatiatio betweerSPQ5 and Hg", the
Job's plot was conducted by varying the conceptmatif bothSPQ5 and Hg" (Fig.
S9), the turning point appears at the mole fract®0.33 equiv. (H§/SPQ5-Hg?")
indicates thaSPQ5 and HG" formed a 2:1 complex.
Fig. 3

Moreover, the successive recognition propertgf®D5 towards cations was further
investigated by adding various cations {ZPlf*, Cd”*, Ni**, Co’*, Ag’, C&*, Mg,
cr, B, Tb*, EU**, L& and AP") into SPQ5-Hg?" DMF/H,O (8:2, v/v) binary
solution. As a resultSPQ5 could detect Hf with specific selectivity and the
addition of other cations have no effect on rectigmiperformance (Fig. 5). Due to
the SPQ5 showing excellent “turn off” response to Higwe rationally introduced
competitive coordination properties by adding*Higto SPQ5 to prepareSPQ5-Hg?".
Interestingly,SPQ5-Hg?* showed single guest-response properties, by addirigus
anions including F CI, Br, I'’/AcO, HSQ,, H,POy, CIO,, CN, SCN, N3 and OH
(4 equiv.) into the solution BPQ5-Hg?" in DMF/H,0 (8:2, v/v). For an instant, the

SPQ5-Hg?* could selectively fluorescence “turn-on” sensor (fg. S10).



In order to examine the efficiency betwe8RQ5-Hg?" and CN, fluorescence
emission titration experiment was monitored. In thmrescence titration spectra,
with an increasing amount of CKD-4.8 equiv.), the fluorescence emission bands at
410 nm appeared gradually. (Fig. S11). Meanwhiie, ftuorescence detection limit
was calculated on the basis @ffS is 7.71x18 M for CN by fluorescence titrations
(Fig. S12), which indicates th&PQ5-Hg*" could detect CNlower than previous
reported [80-81]. To validate the selectivity oihser SPQ5, the same tests were
applied using F CI, Br, I, AcO, HSQ,, H,PO,, CIO,, SCN, N3 and OH (4
equiv.). None of these anions induced any sigmficehanges in the fluorescent
spectrum of the sensor progress (Fig. S13). Framb#r diagram, we could easily
consider that the effects on emission intensitySPR5-Hg>* and CN aqueous
solutions upon addition of various anions were a@muegligible. Therefore, it was
clear that other anions didn't interfer during tle¢ection of CN

Fig. 4

This fluorescence *“on-off-on” phenomenon was indudey the competitive
coordination of H§" and CN. The Hg* competitive coordination with CNead to
the fluorescent oSPQ5 solution recovered. Therefore, the solutionSBRQ5-Hg”*
could “turn on” sense CNvith specific selectivity. ThusSPQS5 could act as Hg and
CN' controlled “on-off-on” fluorescent chemosensoreTkpeated switching behavior
when altering adding amounts of Hignd CN into the solution oSPQ5, evidently
proved the excellent reusability and stabilityS5fQ5 towards H§" at least for three

successive cycles (Fig. S14).



Scheme 2

In addition, we investigated the florescent “on-off’ behavior mechanism, ttel
NMR titration spectra were carried out. In th¢ NMR titration spectra (Fig. S15),
with the addition of HY, the significant downfield shift of resonance silgn (Hi.¢)
on 8-hydroxyquinoline was observed. The resultsficoed SPQ5-Hg>* complex
constructed by the coordination interaction of @ a&hwith Hg* on the quinoline
group [82]. The XRD spectra 8PQ5-Hg** showed no insignificant peaks (Fig. S17)
also indicated that théSPQ5 complexed with H§ and m-n staking between
8-hydroxyquinoline was destroyed. Meanwhile, €4Hinteraction of pillar[5]arene
was broken, resulting in the solution $PQ5 fluorescence quenching (Scheme 2d).
After addition of 4 equiv. of CNinto SPQ5-Hg?*, the 8-hydroxyquimoline
hydrocarbon signals % have a signifcant upfeld shift 0.06, 0.24, 0.329,00.18 and
0.18 ppm, respectively (Fig. S16). Indicating tlenfation of Hg(CN) complex
between CNand HG*. Meanwhile, both aryl hydrogen of Pillar[5]arerdaj and
methylene bridge hydrogen (Hc) upfeld shift 0.04ppbemonstrating thatc-n
stacking interactions of pillar[5]arene was receaey which was shown in Scheme 2.
We could also see this from XRD spectra (Fig. S17).

Fig. 5

To get deep insight into the morphological featunéshe powderSPQ5, SEM
studies were carried out. As we could see in Fay.tbe images oBPQ5 showed
irregular block structure, when it was treated widVIF/H,O (8:2, v/v) binary

solution, the morphology oBPQ5 presented tight coralline structure (Fig. 2b),



indicating that theSPQ5 self-assembled into two-dimensional supramolecular
polymer chain, we also found that tI8Q5 formed n-n stacking and C-Hnx
interactions with the pillar[5]arene, leading tcetformation of three dimensional
supramolecular polymer networks. After adding?Higto SPQS5 (Fig. 6b), the tight
coralline structure changed into lamellar structmeans the formation of Kgand
qguinolone coordination interaction resulting in the stacking interactions between
quinoline has been destruction. Otherwise, wBBQ5-Hg*" was treated with CN
(Fig. 6¢), the image was transformed into a stibkrfstructure due to the competitive
complexation of CNto H¢f* from SPQ5-Hg?* coordination polymerization.
Fig. 6

The self-assembly process of chemoser&®5 with Hg* and CN was also
investigated by the XRD patterns (Fig. S17). TheDXRatterns obtained from
DMF/H,O (8:2, v/v) binary solution oBPQ5 clearly showed a typical diffraction
peaks at @ = 23.25° and @ = 24.15° (d= 3.82 A and 3.68 A), indicating that
stacking interactions existed in the pillar[5]aregeups and 8-hydroxyquinoline
groups (Scheme 2c). Otherwise, the in-significaeks ofSPQ5-Hg?" indicated that
n-n stacking was destroyed. What's more, the reapgeduspacing of 3.83 A at92=
22.92° means-n stacking recovered when the GMas added intSPQ5-Hg™".

Since the fluorescence emission ®PQ5 could be accurately controlled by
alternative addition of Hg and CN, the fluorescence emission 8PQ5 could be
defined as the logic gate output, which provides ariry for developing a

supramolecular logic gate using Hidlnput 1) and CN(Input 2) as two inputs. We



have designed a type of IMP logic gate (Fig. 7)c Fputs, the addition and the
absence of Hj and CN could be defined as 1 and 0, respectively. Fopuiytiwe
defined the normalized fluorescence intensitysB05 turn on as “1” and turn off as
“0”. Based on the above definitions, the fluoresgequenching o8PQ5 is observed
only in the addition of HY, so that the output is read as 0. Under otheugistances,
the fluorescence @PQ5 is not quenched leading to the output being reatl &rom
the truth table of Fig. 7a, it is observed thatiéod of only Hf* (Inputl = 1 and
Input 2 = 0) causes a low fluorescence intensityevamplying that the output signal
is below the threshold value (output = 0). Withestpossible input combinations ((0,
0), (0, 1), and (1, 1)), the output signal is abtheethreshold value i.e. the output = 1.
Hence, by monitoring the fluorescence intensityngjgaof 1 at 410 nm by the two
inputs (HG* and CN); an IMP logic gate can be viewed.
Fig. 7

Moreover, in order to facilitate the applying ofechosensoSPQ5, the HG" test
kit was prepared by loadin§PQ5 on a silica gel plate (Fig. S18). The silica gel
plate-based5PQ5 test kit exhibits fascinating fluorescence emissiopon dipping
the test kit into the different concentrations iffrd M to 1x1G M) of Hg** aqueous
solutions, distinct levels of brilliant fluorescenemission appeared under UV lamp.
Therefore, theSPQ5 based silica gel plates could act as a novel #iuleat test kit
for convenient detection of Hgwith high sensitivity.
4. Conclusions

In summary, we have rationally designed and syithds a novel



8-hydroxyquinoline functionalized pillar[5]areneSRQ5). It shows blue AIE
fluorescence in DMF/KD (8:2, v/v) binary solution byt-n stacking and C-Hx
interactions. Meanwhile, chemosens®&PQ5 shows highly selective and sensitive
fluorescence “on-off” behaviour toward Hgover other cations. The in situ prepared
SPQ5-Hg** complex exhibits high selectively and sensitivély CN over other
anions through a complexation reaction. The detedimit of SPQ5 for H* and
CN are as low as 2.53xP0M and 7.71x18§ M, respectively. Furthermore other
anions and cations had little influence on the mp@hbbehaviour. Moreover, the
fluorescence changes 8PQ5 upon the addition of Hg and CN were utilized as an
IMP logic gate at the molecular level, using®Hgnd CN as chemical inputs and the
fluorescence intensity signal as the output. Ngtahlke actual usage of chemosensor
SPQ5 was further demonstrated by test kits and silieh glates which could
convenient and efficient detect toxic Hlin aqueous media.
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Fig. 1 (a) Fluorescence spectra $PQ5 in DMF/H,O binary solution with
different water fraction, solution concentrationd210* M (Aex = 265 nm); (b)
Plot of relative emission intensity @d)lvalues. 4 = fluorescence intensity in
pure DMF solution. Inset: photographs ®®PQ5in DMF/H,O binary solution
(left: f, = 0%; right: §, = 20%) taken under 365 nm UV lamp.

Fig. 2 (a).The Tyndall effect 08PQ5 (2.0x10* M) with different volumetric
fractions of water(,%); (b). SEM images ddPQ5
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Fig. 3 Partial'™H NMR titration spectra 08PQ5in DMSO-ds solution with
different amount of ED (a) 0%; (b) 5%; (c) 10%; (d) 15%.
600

500

SQP5

400 SQP5+other cations

300

200 +

Fluorescence Intensity(a.u.)

100

0 T T T T T T
350 375 400 425 450 475 500

Wavelength(nm)

Fig. 4 Fluorescence emissiofief = 410 nm) spectra dBPQ5 (20 mM) with
metal ions (ZA', P, Cd*, Ni¥*, Cd*, HF" Ag', c&*, Mg®, Cr*, B&,
Th**, EUY, L& and AP in the DMF/HO (8:2, v/v) binary solution in
response to Hg (2.0 equiv.). Inset: fluorescence color changeSRO5 with

various cations under UV lump.
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Fig. 5 Fluorescence response ®PQ5 (2.0x10* M) in the presence of H§
(2.0 equiv) and the addition of other metal ion® (2quiv) in DMF/HO (8:2,

v/v) binary solution. Xex = 265 nm).
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Scheme 2Aa) Molecular Structures &PQ5 (b) lllustration of the formation of
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Fig. 6 SEM images of (a3PQ5 (b) SPQ5Hg*"; (c) SPQ5Hg**-CN'.



(a) Truth table

Input Output
Hg?* CN- Fluorescence single
0 0 1
1 0 0
0 1 1
1 1 1

(b) Reading

Input Hg®* +

Input CN-

Ouput

Fig. 7 Implementation and truth table for IMP logic fuioct using the sensor

SPQ5



Highlights

1. Synthesisof anovel 8-hydroxyquinoline functionalized pillar[5]arene (SPQ5).

2. The chemosensor SPQ5 show pillar[5]arene-based AIE fluorescence.

3. The SPQ5 could self-assemble by C-H--m interaction and =n--m stacking
interactions.

4. The SPQS5 could highly selective and sensitive sequential detection of toxic Hg?*
and CN'.

5. SPQ5-based IMP logic gate sequential detection toxic Hg?* and CN™ has been
designed.



