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Abstract:

Portable, rapid, accurate and on-site detectioanafysis target has always been the goal of
continuous efforts in the field of analysis. Insttwork, a novel intelligent and rapid detection
system based on an AIE dye (TPA-DCV) was estaldidbe portable and on-site detection of
trace water in organic solvents and ‘CN water by integrating the smartphone and linear
discriminant analysis (LDA). The TPA-DCV displayeedmarkable solvatochromism effect and
showed different fluorescence colors to differemttevy contents of different solvents, with the
minimum detection limit of 54 ppm. In addition, TERCV also exhibited specific response to
CN, and showed significant fluorescence changesftereint amounts of CNWith the assist of
this detection system, these different fluorescezader signalscould be accurately classified in
canonical score plot. What's more, the classifaratand distribution of fluorescence color in
canonical score plot showed regular change withatget concentrationyhich could be used to
quantify the trace water and CN he rationality and practicability of this detect system were
preliminary verified by a large number of real séenpnalyses. This detection system greatly
simplifies the analysis process, which is in thegprof intelligent and rapid detection just using a

simple color analysis without any instrument tedtich may be a big step forward.
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1. Introduction

Cyanide (CN) is considered as the most toxic anion in enviremmEven small doses of CN
are fatal to mammals due to its tendency to birtth wdn species in cytochrome ¢ oxidase, which
destructs electron transport and lead to hypoxid][IHowever, cyanide is also an important
industrial raw material, widely used in electropigt paint, dye, rubber and other industries,
posing continuous contamination problems. Theref@ecurate detection of CNevels in
groundwater is of great significant. On the othandh the accurate analysis of trace water in
organic solvents is also of great importance fonynadustrial applications. especially in organic
synthesis, pharmaceutical manufacturing and oiisty [5, 6]. Although many techniques have
been reported for monitoring trace water or Céffective rapid detection methods are rarely
reported [7-13]. Many researchers are committedeteeloping paper sensors for visual on-site
monitoring because none of instrument testing egeired, which greatly simplifies the detection
process [14-16]. However, the determination of emmi@ation just by observing the color of the
test paper is inaccurate [17-21]. How to accuragsiablish the relationship between the target
concentration and the color signal is a meaningiiineglected work.

Mobile phones are indispensable device for everyand the equipment of smart chip and
high-definition (HD) camera endow smartphone witighkspeed computing and camera
capabilities. With the aid of HD camera and cokeagnition APP, the detail optical information
from the color of samples, such as color propertiege, brightness and saturation, or color
parameters: red, green and blue, can be easilyneldtf22] We found that a few of reports have
realized the accurate visual inspection by estaiblgs a linear relationship between color
parameters and target concentration[23]. Howevshauld be pointed out that these works were
all using single color channel changes (red, gadriue) to establish the relationship with target.
As we known, the parameters for each color areusn@nd the change of color will cause the
parameter changes of three color channels. Evamlyifthe lightness of the color changes, the red,
green or blue parameters will change drasticallyer&fore, quantitative analysis based on
single-channel color parameter changes is still amturate enough. Establishing an accurate
relationship between color and target concentratiemains a serious challenge. Linear
discriminant analysis (LDA), owning to its powerftécognition and identification capabilities
[24-28], has been widely used in artificial intglince and neural networks, which is an integral
part of pattern recognition [29-31]. If we use LD& analyze the color parameters of red, green
and blue channels, the similar colors should berately classified and the different colors should
be distinguished. What's more, according to thessifecation of existing standard samples, the

concentration unknown samples could be intelligerdentified, just like fingerprint or facial



recognition.

Inspired by this, we first established an inteligeand rapid detection system based on an
AIE dye (TPA-DCV) by integrating smartphone and Lok portable and rapid trace detection of
water and CN The AIE dye displayed remarkable solvatochroméffact and showed different
fluorescence colors to different water contentdifférent organic solvents. The detection limit for
water was as low as 0.0048% (54 ppm), which waspepable to the classical Karl-Fischer
method. In addition, TPA-DCV also exhibited specifesponse to Chind showed significant
fluorescence changes to different amounts of CNe detection limit for CNwas calculated to be
0.16 uM which was much lower than the drinking water dina. This different fluorescence
colors changes for water or Chould be accurately classified in canonical squot using the
smartphone and LDA integrated detection system.tWhaore, the classification and distribution
of fluorescence color in canonical score plot shbwegular changes with target concentration,
which could be used to quantify the target. Théonatity and practicability of this detection
system were preliminary verified by a large numiiereal sample analyses. This detection system
does not require any instrument testing and thgetazoncentration can be detected just by color
analysis, which greatly simplifies the testing @es and provides new ideas for the development

of portable and rapid detection technology.



2. Experimental section
2.1 Reagents and instruments

The organic reagents 3-brombphenylcarbazole, n-butyllithium, trimethyl borate,
Pd[P(Ph)]4, malonitrile, 4-(N,N-diphenylamino) benzaldehydere purchased from Aladdin and
used as received. Organic solvents are strictlyatlened before use. The cyanide anion used in
whole experiments is tetrabutylammonium salt, tlikexs are the corresponding sodium or
potassium salt.

The obtained products in this work were characterizy'H-NMR (Bruker Avance 400 MHz
NMR spectrometer),’*C-NMR and HRMS (GCT premier CAB048 mass spectromete
Fluorescence spectra of TPA-DCV were collected guistiITACHI F-7000 fluorescence
spectrometer. The absorption signals of TPA-DCVenadstained from a Perkin Elmer Lambda 35
spectrophotometer. Particle size change beforeadied reaction of TPA-DCV with CNwas
monitored by an ALV-5000 dynamic laser light scatig (DLS).

2.2 Synthesis of (3-carbazol-9-ylphenyl)boronic acid (1)

3.1 mmol (1.0 g) of 3-brombl-phenylcarbazole was added in a 100 mL three-rask.fin a
nitrogen atmosphere, 15 mL of THF was injected if® three-neck flask to dissolve the raw
materialand then cooled in liquid nitrogen. After the sintwas cooled to -76, 2 mL (3.2
mmol) of n-butyllithium was dropped into the mixture by sy@and then keep stirring for 1 h.
Then, 380 pL (3.4 mmol) of trimethyl borate wageduced into the mixture and stirred at room
temperature for 12 h. After reaction, 20 mL of HCIM) was poured into the mixtures and stirred
vigorously, followed by the addition of 50 mL of ethyl acetdte extract product. 100 mL of
saturated sodiunbicarbonate was used to wash the collected ordagir, and then 10 g of
magnesium sulfate was used to dry the washed ardayer. Finally, the white product was
obtained by reduced pressure and further dried iacaium oven (78.6% yieldjH NMR (400
MHz, CDCk, § (TMS, ppm): 7.67 (tJ = 8.8 Hz, 5H), 7.56 (m] = 10.8 Hz, 3H), 7.45 (d] = 4.2
Hz, 2H), 7.41 (mJ = 7.4 Hz, 2H), 2.15 (s, 2H}’*C NMR (100 MHz, CDGJ), 5 (TMS, ppm):
143.84, 141.22, 137.47, 133.37, 129.93, 128.71,722127.20, 127.12, 126.10, 123.65, 123.31,
120.62, 120.47, 109.95, 109.37.

2.3 Synthesis of 4-di(4-iodophenyl)aminobenzaldehyde (2)

2.4 g (14.6 mmol) of potassium iodide and 2 g 08 (mol) 4-Diphenylaminobenzaldehyde
was first introduced into 100 mL of acetic acid & mL distilled water to dissolve the raw
materials. The mixtures were allowed to react irotath at 80 °C for 0.5 h. Then, 2.4 g (11.0

mmol) of potassium iodate was added and kept readtir another 4 hours. After the reaction,
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200 mL of distilled water was introduced into tleoled mixture to precipitate crude product. The
brown crude products were washed three times vaithrated Nz5,0; solution to give 3.2 g of
yellow solid (yield 84%)*H NMR (400 MHz, CDC}), 6 (TMS, ppm): 9.84 (s, 1H), 7.72 (d,=
8.1 Hz, 2H), 7.64 (d) = 7.8 Hz, 4H), 7.06 (d] = 7.8 Hz, 2H), 6.90 (d] = 7.6 Hz, 4H)*C NMR
(100 MHz, CDC}), 6 (TMS, ppm): 90.17, 120.53, 128.44, 131.79, 139148,.74, 152.20, 191.34.
HRMS (m/z): [M+H] calcd. for GgH14l.NO, 525.9159; found, 525.9155.

2.4 Synthesis of 4-[N,N-di(4- phenyl-9H-car bazol)amino]benzaldehyde (3)

Firstly, 1.05 g of2 (2 mmol), 1.43 g ofL (5 mmol) and 0.18 g (0.03 mmol) of Pd[P(fh)
were mixed into a 100 mL flask. Then, 5 mL of 2 MGK; solution and 30 mL of THF were
added and refluxed for 24 h under nitrogen atmagphiter reaction, 100 mL of distilled water
was introduced and stirred vigorously, then theanig layer was extracted by 50 mL of DCM.
The obtained DCM layer was washed repeatedly hyai@d brine and dried with 10 g of Mg$SO
The dried organic layer was concentrated undercestipressure and purified by silica-gel column
chromatography using GBl,/petroleum ether (volume ratio gradually changexuinf2:1~1:1) as
eluent. Finally, the yellow-green pure product wallected with a yield of 63.2%H NMR (400
MHz, CDCL), 5 (TMS, ppm): 9.70 (s, 1H), 7.45 (d= 6.6 Hz, 4H), 7.35 (m) = 7.6 Hz, 12H),
7.26 (d,J = 6.4 Hz, 8H), 7.22 (m] = 9.6 Hz, 8H), 7.03 (d] = 7.8 Hz, 2H), 6.97 (d) = 5.6 Hz,
2H).**C NMR (100 MHz, CDGJ), § (TMS, ppm):115.67, 121.85, 122.88, 123.92, 124125,47,
127.09, 130.30, 130.68, 131.22, 135.38, 136.21,72464.92.95. HRMS (m/z): [M+H]calcd. for
CssH3/N30, 756.3009; found, 756.2999.

2.5 Synthesis of TPA-DCV

0.85 g of3 (1 mmol) and 0.13 g of malonitrile (2 mmol) werddad into 30 mL of CkCl,
solution. This reaction could be completed by istiyr6 h at 25 °C. The mixtures were
concentrated directly and further purified by siligel column chromatography to afford a pure
product with 58.3% vyield"H NMR (400 MHz, CDCJ), 5 (TMS, ppm): 8.01 (s, 1H), 7.49 (d=
7.8 Hz, 4H), 7.32 (m, 16H), 7.20 (= 7.2 Hz, 6H), 7.04 (t) = 8.2 Hz,6H), 6.87 (dJ = 7.8
Hz,2H), 6.83 (dJ = 8.4 Hz,2H)*C NMR (100 MHz, CDGJ), § (TMS, ppm): 158.96, 141.39,
133.38, 132.82, 131.22, 130.94, 128.26, 125.93,3412923.34, 120.35, 119.94, 113.82, 109.79,
82.39. HRMS (m/z): [M+H] calcd. for GgHs;Ns, 804.3127; found, 804.3121.

2.6 Experimental detailsfor anion sensing

The detection system was obtained by rapidly imgdhe DMSO solution of TPA-DCV (50
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uL, 2.0 mM) into the micellar solution of CTAB (5 mR.0 mM) in water under rigorous stirring
for 60 seconds. For the ClHetection, 2 mL of sensor solution (TPA-DCV, 28; CTAB, 2.0
mM) was first added into quartz cuvette, then d#feé concentrations of CNwvere added
sequentially. The spectra signals were recordest &tmin using absorption and fluorescence
spectra. The response of sensor to other anions earied out using the uniform procedure to

that of CN.

2.7 Detection of trace water and CN using smartphone and LDA integrated detection
system.

The detection system mainly relied on smartphorte ldDA. Smartphone was used to take
photos of the fluorescence and extracted the nexngand blue parameters of the fluorescence
color. LDA was used to intelligently identify anthssify the color, and established the relationship
between color distribution and the concentratiosuifstances. The fluorescence photo of samples
must be taken in completely dark environment urd@é5 nm UV lamp, and the phone should be
fixed at 20 cm in front of the sample. The obtaifiedrescence photos were scanned using the
smartphone APP (Color Recognizer) for color compbramalysis to extract red, green and blue
channel parameters. To ensure the accuracycangprehensiveness of extraction, 6 different
locations in the photo were randomly selected falorc parameter extraction. These extracted
parameters were then injected into the LDA forHartseparation and classification.

For the detection of trace water in different oigaolvents, 2QM of TPA-DCV solution in
different pure organic solvents were first prepatbdn different water content was introduced in
turn. After each addition, the fluorescent colortleé solution was recorded by smartphone and
analyzed by LDA. For the detection of Cld simple and portable test strip was first pregpdy
immersing cellulose filter papers in the stock sohs of TPA-DCV (1 mM) for 5 minutes, and
then drying it by exposure to air. The preparedt t&sips were immersed in different
concentrations of standard Céblution, and took corresponding fluorescent phiotdie following
color parameter extraction and unknown samplesysisalvere carried out according to the steps

mentioned above.



2 Resultsand discussion
3.1 Synthesisand char acterization of TPA-DCV

TPA-DCV was synthesized in a moderate yield acogydb the procedures displayed in
Scheme 1. Briefly, 3-bromoN-phenylcarbazole was first added into a lithiatddFTsolution of
trimethyl borate and then  hydrolyzed in hydroctdori acid to  form
9-phenyl-H-carbazole-3-boronic acid (1). 4-di(4-iodophenylyanbenzaldehyde (2) could be
obtained in the presence of potassium iodate atasgiom iodide, which reacted withio give a
yellow solid 4-[N,N-di(4-phenyl-9H-carbazol)amin@bzaldehyde J) [32]. After subsequent
Knoevenagel reaction with excess malononitrile inhidromethane, the target product was
obtained. The synthetic products were all charestérby HRMS'H NMR and*C NMR, and
satisfactory data that consistent with its struetuere obtained~{g. S13-Fig. S23).

3.2 Solvatochromism of TPA-DCV

The presence of electron donor TPA framework arattein acceptor DCV signify that
TPA-DCYV has typicatlonor (D)s-acceptor (A) structure. Molecules with a D-A sture are well
known for their significant solvatochromic effeand their optical properties are highly rest upon
solvent polarity. Hence, the spectral propertie§BA-DCV in different solvents were carefully
investigated and the results were depicte&io 1. With solvent polarity increasing from weak
polar toluene to strong polar DMF, the emissionkpeaf TPA-DCV were gradually red-shifted
from 474 nm to 603 nm, displaying an obvious flemence color transform from blue to red
which nearly covered the full visible spectrum. Medile, the red shift of the emission was
accompanied by a significant decrease in inter{§ity. S1). On the contrary, the absorption of
TPA-DCV exhibited minor changes on changing theesai polarity(Fig. S2). These phenomena
showed that the optical properties of TPA-DCV weaoatrolled by solvent polarity, which was

caused by the ICT effect from electron donor TR&fework to electron acceptor DCV.

3.3 Aggregation induced emission effect (AIE)

Besides solvatochromism effect, TPA-DCV also exBila typical AIE feature. As
displayed inFig. $4, the pure MeCN solution of TPA-DCV was almost noissive.
However, the fluorescence intensities abruptly eckd when water content increased to
30%, and then gradually decreased when contentedrde 70%. A more interesting
phenomenon can be observed when replacing MeCNDWR. As depicted irFig. 2, the

red emission of TPA-DCV showed sustained decreasi the water content reached to
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30%. Meanwhile, a slight red shift of emission p&ais observed. This phenomenon could
be reasonably explained by the enhancement of K&Ete Upon further increasing water
content from 30% to 60%, a dramatic enhance inrélscence intensity (400-fold) along
with a large-scope blue shift in PL peak from 608 to 512 nm were observed. The
increase in water content led to the aggregatiorm®A-DCV, therebyrestraining the
rotation of the TPA-DCV molecules and resultingairstrong emission of the aggregates.
Meanwhile, aggregation made the molecules be cedfim a non-polar environment,
which could partially impede the ICT process andsvaso helpful for the emission
enhancement [33-35]. Abnormally, when water conienteased from 70% to 90%, the
fluorescence intensity significant decrease argh#ii red-shifted again. This phenomenon
may be induced by the crystallization-induced emrsseffect of TPA-DCV. The
TPA-DCYV tend to form crystalline aggregatassiow levels of water while less emissive,

redder amorphous aggregates with smaller sizebeifbormed at high water fractions[36].

3.4 Intelligent and rapid deter mination of trace water

The emission of TPA-DCYV in different solvents bydady different amounts of water were
carefully investigated. As shown Fig. 3a, the emission intensity decreased drastically when
water content was below 1% and the relative flumease decreased by 88%, 62%, 55% and 50%
in ethyl acetate (EA), benzene (Ben), THF and dichhethane (DCM), respectively. Moreover,
the emission peak showed a good linear relationsitip the water content in low water region.
The detection limits of TPA-DCV for water were 7mp, 73 ppm, 130 ppm and 54 ppm in Ben,
EA, THF and DCM, respectively{g. S5-S8).

However, this traditional fluorescence detectiordmés still not convenient enough. We here
introduce LDA and smartphone integrated detectigatesn for intelligent and rapid water
measurement without any instrument testing. As shimwWig. 3b, through the extraction of red,
green and blue channels of fluorescent colors bwrtphone, combined with LDA, the
fluorescence colors that were difficult to distirglu could be clearly and correctly classified.
What's more, different water contents in differentvents were found to be linearly distributed in
the LDA canonical score plot. This means that thtegory of organic solvent and the water
content of the solvent can be analyzed only byyairag the fluorescence color of the samjle.
verify our conjecture, we randomly added differamtounts of water to different solvents and
labeled sample 1, 2, 3 and 4. Then we reducedntioeiiat of water added by half and marked it as

sample 5, 6, 7 and 8. The fluorescence colors mpks was recorded by smartphone and then
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accurately classified by LDA. As shown kig. 3b, the results suggested that sample 1 was
benzene solvent with an approximate 0.6% wateretintThe solvent of sample 5 was also
classified as benzene, and the water content wasnsto be between 0.3% and 0.4%, which was
basically consistent with the addition amount. Tast of the samples were distributed on their
respective curves, which not only clarified theategories but also their water content. The
accurate solvent classification and water contetgation preliminarily demonstrate the reliability

of the proposed detection system.

3.5 Fluor escence detection of CN” in aqueous solution

The fluorescence detection of C mainly realized by the reaction between strong
nucleophilicity of the CN and probe. However, the efficiency of nucleophifiddition is
significantly reduced by water, making the reacti@sed CNprobe difficult to work efficiently in
water[37, 38]. Considering the typical AIE charactedstof the TPA-DCV, we envision that the
TPA-DCV may be utilized as a fluorescent detector for sensf CN based on the AIE effect.
Theenvisaged detection mechanism is described biref8cheme 2. TPA-DCV should be able to
stably disperse in agueous media and exhibit stgpegnish yellow fluorescence with the help of
CTAB (Fig. $9).[33, 39] After adding the CNthe aggregates would be disassembled and the
strong emission induced by AIE feature would bedelely quenched or weaken owing to the
formation of negatively charged water-soluble prdduln addition, the nucleophilic addition
would destroy the conjugate structure betw&BA skeleton and reactive unit and further caused

significant changes in absorption.

Indeed, the nucleophilic addition reaction betw&h and TPA-DCV can destroy the
aggregates and quench the emission in agueou$osolds shown irFig. 4a, the increase
of CN resulted in an obvious fluorescence decrease&nf?and was accompanied by a
significant blue shift from 528 nm to 489 nm. THitue shift was attributed to the
destruction of extensive-conjugation of TPA-DCV after the nucleophilic atioin of CN
and DCV. The destruction of conjugate constructdso caused dramatic changes in the
absorption signal. As depicted ig. 4b, the strong absorption bands at 329 nm and 403
nm that was assignhed to the-n* transition of the conjugated system was gradually

weaken as the CNconcentration increases until they disappear. Atingly, the color
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transformed from faint yellow to colorless. Meanigha new band appeared at 281 nm and

enhanced with increasing Cbbncentration.

Further evidences for the nucleophilic additionT&fA-DCV with CN were obtained from
the 'H NMR titration experiments in CDEIAs shown inFig. 5, the protons of olefinic at 8.01
ppm disappeared completely after reaction with,@Mhile a new proton peak appeared at 4.41
ppm. This result confirmed that the Cattacked the DCV and turned C=C into C-C [40]islt
noteworthy that the signal of th&proton in the malononitrile moiety was missingeafthe
reaction with CN implying the TPA-DCV formed a stable anionic spscTPA-DCV-CN [38].
Such a stable water-soluble species supported tbpoged quenching mechanism that the
aggregated TPA-DCV were disaggregated after thé@iaddf CN and thus quenched the AIE
induced emission. In addition, more intuitive evide for the nucleophilic addition of TPA-DCV
with CN'can be obtained from HRMS results. As shown in Bitf, the found valug30.3154vas
consistent with thealculated value 830.314®&hich further confirmed the accuracy of the progbse
mechanism.

We also noted that the fluorescence decrease wasatsl when 5.5 equiv. of CN
was added, which was less than the amount requioed most of the reported
reaction-based CNsensors Table S1) In the range of 0 to mM, an excellent linear
relationship could be obtained with a correlatiaefticient of 0.99157 Kig. S11). The
detection limit was calculated to be 0.iBl, which was lower than the guideline of CN
permitted by the EPA (1.M) (Table S2). The extreme sensitivity of TPA-DCV to CN
was attributed to the introduction of CTAB, whichopided a hydrophobic space that

greatly reduces the interference of water on nyutidic reactions.

Although TPA-DCV exhibits significant spectral changes to Cie interference of other
anions such as fluoride and acetate cannot be atedleWe herein carefully investigated the
selectivity of TPA-DCV for different anions gRO,, AcO, CIO,, HSGO;, CN, F, CI, Br and 1)
by using fluorescence and UV-vis spectroscopy. Apldyed inFig. 6, the fluorescence of
TPA-DCV was significantly quenched and the colansformed from green to light blue when 5
equiv. of CN was addedSimilarly, the absorption spectrum also exhibitgghificant changes,
and the color changed from yellow to colorless. doar, the addition of higher concentrations of
other ions almost had no effect on the spectralagjgs well as the color. This result demonstrated

the excellent selectively of TPA-DCV toward CNhe interference experiments further confirmed
10



that the selective detection of CWas almost unaffected by the coexisting ions eietme
interference ions concentration was much higlkég. (S12). In addition, the analysis of natural
water samples and standard addition recovery expets were also carried out to investigate the
reliability and practicality of the TPA-DCV CTAB pbe. As shown iTable S3, the recovery of

CN were statistically close to 100%, confirming tteed reliability of the proposed method.

3.6 Intelligent and rapid detection of CN’

Effective determination of CNn water solution is an encouraging progressiaut. iBis still
not convenient enough for rapid on-site detectrdmch remains a challenge. For this purpose, we
first developed a cellulose paper-based test sidpshown inFig. 7a, the test strips displayed
bright green fluorescence in the absence of @M the concentration of Chhcreased from O to
20 ppm, the fluorescent colors of the test papeaevsignificantly darkened. This phenomenon
confirmed that the test strips was highly desiralole rapid and intuitive detection of CN
However, to construct proportional relationshipwestn fluorescence color and Gddncentration
just by naked eyes was not advisable and accufatelarify the exact relationship between
fluorescence color and Cldoncentration, a smartphone and LDA integrateddiien system had
been developed. As shownhing. 7b, through the extraction of red, green and bluaupeaters of
test strips fluorescent colors by smartphone, cogtiwith LDA, the colors that were difficult to
distinguish could be clearly and correctly classifin 3D and 2DKRig. 7c) canonical score plot.
Different concentrations were arranged in spacé witspecific curve, which made quantitative
analysis of CNbecome possible.

A large number of real water samples that spiketi different concentrations of Cere
tested to verify the practicability. The test stwps first immersed in the real water sample for 3
minutes, then the fluorescent photo was taken amdaed by the smartphone, and finally the
color parameter was injected into the LDA for ilgnt classification. As shown iRig. 7d, the
classifications of the blank samples of the threal rwater samples were identical to the
classifications of the standard blank samples. WhenCN concentration was increased to 2, 6,
10 and 20 ppm, the corresponding classificationseaf water samples were patrtially slightly
deviated from the standard sample, and the sugbestecentrations were basically consistent
with the spiked values. The three real samples didanot show significant differences in the
classification. These results demonstrated thefaatory stability and accuracy of the proposed
detection system. More importantly, with the ineg@m of visual test strip assisted by smartphone

and LDA, the quantitative analysis of Chh the real water samples was greatly simplified,
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eliminating the requirement for instrument testireglizing rapid, portable, on-site inspection.

Conclusion

In summary, a new intelligent and rapid detectipstesm based ocan AIE fluorophore
TPA-DCV was established for portable and on-siteecl®n of trace water in organic
solvents and CNin water. The TPA-DCV not only displays remarkabtdvatochromism
effect and shows different fluorescence colors ifbexnt water contents of different
solvents, but also exhibits specific response to @h shows significant fluorescence
changes. These different fluorescent color sigoafs be accurately classified in canonical
score plot after being captured and extracted bgrigphone and separated by LDA. What's
more, the color distribution in the space and thecentration of the detection target show
regular changes, which makes quantitative analymissible. The rationality and
practicability of this detection system are prehamy verified by a large number of actual
sample analyses. Of course, it could be arguedthismtietection is not precise, indeed, but
we think significance of this detection system nsthe proof of intelligent and rapid
detection of multiple targets just using a simpdoc analysis without any instrument test,
which may be a big step forward. We also beliewat this kind of convenient and portable
detection method will be further developed by usimgre advanced algorithms or artificial

intelligence network, which is also the directidroar efforts.
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Fig. 1. (&) Normalized fluorescence spectra of TPA-D@@ uM) in different pure
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acetonitrile) Excitation wavelength: 390 nm.
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fluorescence photographs of TPA-DCV solution witfiedent water content. (b) 3D LDA

canonical score plot of TPA-DCV fluorescence caksponse to different water content of
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Scheme 2. Schematic illustration of the TPA-DCV formation afgregates in CTAB

solution and the disintegration of the aggregatdbeé presence of CN
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Fig. 4. (a) Fluorescence (b) emission spectra change®AfODCV (20 uM) upon the
addition of 0-5.5 equiv. of CNin 2 mM CTAB micellar. Inset: plot of (a) fluoresece
maximum (b) absorption intensity (403 nwg different CN concentration. Images: the

left is none of CNand right is 5.5 equiv. of CN
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Highlights

1. An AIE dye TPA-DCV that exhibits both AIE and solvatochromic effects has been

developed for effective recognition of trace water and CN'.

2. An AIE dye based smartphone and LDA integrated portable, intelligent and rapid
detection system for trace water and CN isfirst time established.

3. The water content and CN concentration can be rapid and intelligent detected using

the integrated system without any instrument testing.



