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ABSTRACT: A series of novel DeA benzoE][1,2,5]selenadiazoleBSe)-based derivatives
7a-i including electron-donating/electron-withdrawingogps were prepared by Pd-catalyzed
Sonogashira- Hagihara reaction of 4,7-diethynylbsefenadiazole with various diiodo aryl
compounds. Photophysical properties of these comgmuwere investigated by absorption and
emission spectra analyses. Compourid containing methoxy group exhibited positive
solvatochromism and its solvatochromic propertiesenanalyzed by the Lippert-Mataga equation
and Kamlet-Taft equation, respectively. The resglttompounds showed tunable band gaps in
the range of 2.21-2.70 eV using theoretical catna, which was in good agreement with the
results derived from the absorption of UV-vis spectn addition, fluorescent sensaisand7d
showed highly sensitive response for’Hgnd traces of water usir§Se as an acceptor or a
fluorophore in real-time detection, respectiveliie$e findings indicate thBiSe-based molecules

can be developed as excellent fluorophores fordisment material applications.

Keywords: Benzof][1,2,5]selenadiazole, photophysical propertie$yatochromism, fluorescent

sensor

1. Introduction

Over the two decades, donoacceptor (Dr-A) type organic fluorescent sensors have attracted
much interest owing to their high sensitivity, stidty and ease of measurement, and another
fascinating advantage of such materials is thatttltenjugation, band gap, and electro-optical
properties can be effectively tuned by judiciousich of the fluorophores, donor and acceptor
substituents. As a result, a lot of organic molestiave been developed as fluorophores in this
kind of system for the fluorescent detection ofsi¢t], small organic molecules detection [2], and
those structures with larger absorption and emissiavelengths also can be applied in biological
and medical study [3]. Due to strong and stablerlacence, good thermal stability and good

electron-withdrawing ability, benzochalcogendiasplsuch as 2,1,3-benzothiadiazddd ] plays



a very important position in the synthesis and igpfibn field of n-conjugated structure
fluorescent sensors as an excellent fluorophore2[4]3-BenzoselenadiazolBSe) has a similar
chemical structure &BT, but compared witlBT, since the selenium atom has a much larger size
and less electronegativity than the sulfur atomyduld have a more important influence for the
heteroatoms on the optical properties of B8-based derivatives [5]. Recent years, comparison
of effects caused by the heteroatom S and Se @beg very common, it have been reported that
BSe-based compounds showed obvious absorption andsiemisedshift than théT-based
compounds becau&Se can more effectively lower the band gaps of thesapounds and some
of them exhibited interesting photoelectric projsr{5a-e, 6].

To the best of our knowledge, there have few tspof the synthesis of B-A compounds
containingBSe and aryl units join by an ethynyl bridge. The mpgssible reason is that dihalo
compounds oBSe are hard to participate in the Sonogashira-Hagiltaupling reaction due to
the poor reactivity and solubility influenced byetkelenium atom. Recently, Bunz’ group [7] and
our group [8] successfully synthesized the keyrimtaliate diethynylbenzoselenadiazole frBin
by a strategy of firstly introducing the trimethijtacetylene flexible group, and then introducing
the selenium atom. And then, this intermediate Ieen applied to the synthesis of a series of
novel Ds-A polymers with low energy band gap incorporatimBSe moiety by us [8,9]. These
polymers displayed obvious absorption peaks at réggon from 477 to 510 nm, narrow
orange-red or red fluorescence in the range of38nm, and their band gaps were in the range
of 1.37-1.76 eV. Just as pointed out in the regbliteratures [5a-e], theddSe-based polymers
also showed outstanding absorption and emissioshitdn comparison with the corresponding
BT-based polymers. And one of them has been develaped highly selective and sensitive
chemosensor for heavy metal ions detection basaewlonmetry and fluorometry [9]. In view of
the very promising applications of theseconjugated molecules based B$e, their design,
synthesis and photophysical properties are vergaive topics for researchers.

As a further extension of our research on the designovel fluorophores for fluorescent
materials [10], in this work, we described a serésD-n-A BSe-based derivative§a-j by
introducing appropriate electron donors and acesptiBSe skeletonvia an ethynyl linkage and
systematically investigated their photophysical pgmbies, solvatochromism, structure-property
relationship and applications as fluorescent sensd@hese compounds displayed obvious
absorption peaks at the region from 429 to 488 ndhthe fluorescence from green to red in the
range of 512-669 nm in CHEICompound7c containing methoxy group exhibited positive
solvatochromism and its solvatochromic propertiesenanalyzed by the Lippert-Mataga equation
and Kamlet-Taft equation, respectively. The HOMOMO energy gaps of the resulting
compounds derived from theoretical calculationstieen compared with the results calculated by
the photophysical measurements. In addition, flemeat sensor§c and 7d showed highly
sensitive response for specific metal ion and wagok water usingBSe as an acceptor or a

fluorophore in real-time detection, respectively.



2. Experimental part
2.1. Materials

All solvents and reagents were commercially avélaind analytical-reagent-grade. THF and
Et:N were purified by distillation from sodium in thresence of benzophenone. 4,7-Dibromo-
benzof][1,2,5]selenadioazole2) and 3,6-dibromobenzene-1,2-diamir® ¢€ould be prepared
from BT (1) according to the literature reported by Myashd aroworkers [11], 3,6-bis(2-
(trimethylsilyl)ethynyl)benzene-1,2-diamind){( 4,7-bis(2-(trimethylsilyl)ethynyl)benzd][1,2,5]-
selenadiazole5) and 4,7-diethynylbenzoselenadiazo®) ¢€ould be prepared according to a

reported procedure [8].

2.2. Measurements

Melting points were recorded on a Buchi Melting®d-540 (uncorrected). TH&l NMR and
13C NMR spectra were recorded in solution of Cpa@i DMSO+€; on a Bruker DRX 500 NMR
spectrometer with tetramethylsilane (TMS) as thierimal standard. The chemical shift was
recorded in ppm and the following abbreviations evesed to explain the multiplicities: s =
singlet, d = doublet, m = multiplet, br = broad. Bass spectra were recorded on Agilent 5975C
DIP/MS mass spectrometer. C, H and N of elememtalyaes were performed on an Elementar
Vario MICRO analyzer. UV-vis absorption was recatdmn a Shimadzu UV-1700 spectrometer
and fluorescence spectra were recorded on a RAPE3@0iorometer. Thermogravimetric analysis

(TGA) was performed on a Perkin-Elmer Pyris-1 imstent under a Natmosphere.

2.3. Preparation oBSe-based derivatives

General procedure for synthesis BSe-based derivatived: A mixture of 4,7-diethynyl-
benzoselenadiazol&)((27.72 mg, 0.12 mmol), Pd(PHICI, (4.21 mg, 0.006 mmol), Cul (2.30
mg, 0.012 mmol), PRh(3.15 mg, 0.012 mmol) and diiodo aryl compoundB§0mmol) was
dissolved in 10 mL of BN and 10 mL of THF. The reaction mixture was degdsand stirred at
60°C for 12 h under a Natmosphere. The solvent was removed under reduessure, and the
residue was extracted with @El,. The organic layer was washed with water and s&uorated
sodium chloride solution, dried over anhydrous,$@, and then evaporated in vacuum to
dryness. The residue was purified by silica geluewl chromatography with petroleum
ether/chloroform (30:1, v/v) as an eluent to give target compounds.
4,7-Bis(2-phenylethynyl)benzo[c][1,2,5]selenadi@zdla): Yield: 60%; yellow solids; m. p.
141-142C; *H NMR (CDCk, 500 MHz):d 7.71 (s, 2H), 7.68-7.66 (m, 4H), 7.41-7.38 (m, 6H)
%C NMR (CDCE, 125 MHz):6 159.3, 132.7, 132.0, 129.0, 128.4, 122.6, 11904, 85.7. FT-IR
(KB, cm'l): 2921, 2848, 2359, 1653, 1490, 839. MS (El): n®23.9 [M]. Anal. Calcd for
CoHiN,Se: C, 68.94; H, 3.16; N, 7.31, found C, 69.053H]1; N, 7.24.



4,7-Bis(2-p-tolylethynyl)benzolc][1,2,5]selenadigzo(7b): Yield: 65%; yellow solids; m. p.
256-257C; 'H NMR (DMSO-ds, 500 MHz):6 7.79 (s, 2H), 7.52 (dl = 7.5 Hz, 4H), 7.30 (d] =

7.5 Hz, 4H), 2.37 (s, 6H)**C NMR (DMSOds, 125 MHz): 6 158.3, 139.2, 132.2, 131.4,
129.5,119.1, 118.1, 96.6, 86.0. FT-IR (KBr,'bm2914, 2372, 1649, 1540, 1504, 839, 809. MS
(E): m/z: 411.9 [M]. Anal. Calcd for GH1¢N,Se: C, 70.07; H, 3.92; N, 6.81, found C, 69.89; H,
3.89; N, 6.85.

4,7-Bis(2-(4-methoxyphenyl)ethynyl)benzo[c][1,2eimadiazole {c): Yield: 75%; orange solids;
m. p. 234-23%C; *H NMR (CDCk, 500 MHz):5 7.66 (s, 2H), 7.60 (d] = 8.5 Hz, 4H), 6.92 (d]

= 9.0 Hz, 4H), 3.85 (s, 6H)’C NMR (CDCk, 125 MHz):6 160.2, 159.4, 133.6, 132.4, 118.9,
114.8, 114.1, 97.6, 84.9, 55.4. FT-IR (KBr, §m2921, 2848, 2354, 1600, 1507, 826. MS (El):
m/z: 443.9 [M]. Anal. Calcd for GH1eN,O.Se: C, 65.02; H, 3.64; N, 6.32, found C, 64.97; H,
3.61; N, 6.39.

4,7-Bis(2-(4-aminophenyl)ethynyl)benzolc][1,2,5ls®diazole 1d): Yield: 62%; red solids; m. p.
250-25£C; 'H NMR (CDCk, 500 MHz):6 7.56 (s, 2H), 7.39 (dl = 7.0 Hz, 4H), 6.61 (d] = 6.5
Hz, 4H); *C NMR (CDCk, 125 MHz):6 159.3, 147.5, 133.3, 131.8, 118.6, 114.5, 11184,9
84.2. FT-IR (KBr, cri): 3431, 2915, 2842, 2346, 1597, 1507, 833. MS: (&ly: 413.9 [M].
Anal. Calcd for G;H14N,Se: C, 63.93; H, 3.41; N, 13.55, found C, 64.023138; N, 13.60.

4,7-Bis(2-(4-fluorophenyl)ethynyl)benzo[c][1,2,5kseadiazole Te): Yield: 70%; yellow solids;
m. p. 267-268; '"H NMR (CDCk, 500 MHz):6 7.70 (s, 2H), 7.66-7.64 (m, 4H), 7.11-7.08 (m,
4H); °C NMR (CDCE, 125 MHz):6 163.0 (d,J = 249.4 Hz), 159.2, 133.9, 132.6, 118.8J¢
25.3 Hz), 115.8 (dJ = 22.1 Hz), 114.1, 96.3, 85.5. FT-IR (KBr, &m2924, 2848, 2359, 1507,
835. MS (El): m/z: 419.9 [M. Anal. Calcd for GH,gFN,Se: C, 63.02; H, 2.40; N, 6.68, found C,
62.90; H, 2.46; N, 6.79.

4,7-Bis(2-(4-chlorophenyl)ethynyl)benzo[c][1,2,9eadiazole Tf): Yield: 66%; yellow solids;

m. p. 251-25%; '*H NMR (CDCk, 500 MHz):8 7.71 (s, 2H), 7.59 (dl = 8.5 Hz, 4H), 7.37 (d]

= 8.0 Hz, 4H);"*C NMR (CDCE, 125 MHz):6 159.1, 135.1, 133.2, 130.9, 128.8, 125.0, 118.9,
96.4, 86.8. FT-IR (KBr, cif): 2915, 2849, 2352, 1649, 1490, 824. MS (El): M&.8 [M]. Anal.
Calcd for G.H1ClLN,Se: C, 58.43; H, 2.23; N, 6.19, found C, 58.512H9; N, 6.05.

4,7-Bis(2-(4-nitrophenyl)ethynyl)benzo[c][1,2,5]eahdiazole {g): Yield: 65%; yellow solids; m.
p. 210-212C; 'H NMR (CDCk, 500 MHz):6 8.28 (d,J = 8.5 Hz, 4H), 7.82 (d] = 8.5 Hz, 4H),
7.79 (s, 2H)°C NMR (CDC}, 125 MHz):6 159.0, 147.5, 133.2, 132.7, 129.2, 123.7, 11&%,9
90.2. FT-IR (KBr, crif): 2914, 2848, 2365, 1590, 1507, 859. MS (El): m3.8 [M]. Elemental
Anal. Calcd for G,H1gN4,O4Se: C, 55.83; H, 2.13; N, 11.84, found C, 55.902186; N, 11.78.



4,7-Bis(2-(4-(trifluoromethyl)phenyl)ethynyl)benelpl ,2,5]selenadiazole 7h): Yield: 60%;
yellow solids; m. p. 253-25¢; 'H NMR (CDClk, 500 MHz):6 7.77 (d,J = 8.0 Hz, 4H), 7.75 (s,
2H), 7.66 (dJ = 8.0 Hz, 4H);"*C NMR (CDCE, 125 MHz):6 159.1, 133.0, 132.2, 130.7 @@=
32.6 Hz), 126.2, 125.4, 123.8 (M= 270.6 Hz), 118.9, 95.9, 87.6. FT-IR (KBr, ®m2928, 2855,
2358, 1613, 1504, 841. MS (El): m/z: 519.9*[MAnal. Calcd for GsH1oFsN,Se: C, 55.51; H,
1.94; N, 5.39, found C, 55.42; H, 1.89; N, 5.46.

4,7-Bis(2-(pyridin-2-yl)ethynyl)benzolc][1,2,5]seladiazole Ti): Yield: 62%; yellow solids; m. p.
207-208C; 'H NMR (CDCk, 300 MHz):§ 8.69-8.68 (m, 2H), 7.79 (s, 2H), 7.74-7.67 (m, 4H)
7.31-7.26 (m, 2H)**C NMR (CDC}, 125 MHz):6 159.1, 150.3, 142.9, 136.2, 133.3, 127.6, 123.3,
118.8, 96.4, 85.1. FT-IR (KBr, ch 2921, 2848, 2359, 1646, 1576, 1454, 844, 832 (KB m/z:
385.9 [M']. Anal. Calcd for GgH:oNsSe: C, 62.35; H, 2.62; N, 14.54, found C, 62.472H0; N,
14.42.

2.4. Metal ion titration of’c and the detection for traces of water7df

Each metal ion titration experiment was startedh\ai.0 mL7c in THF solution with a known
concentration (1.0 x T0molL™). Mercury perchlorate salt and other various ms#ts (nitrate,
1.0 x 10* mokL?, CH;CN) were used for the titration. The concentratbiid was fixed at 1.0 x
10° molL™ in anhydrous THF and the aqueous THF (water:THES; v/v) for titration was
deionized water. Because the minimum response titat can be measured is limited in the
manipulation time, all kinds of measurements weamitored 10 s after the addition of the metal

salt or water to the host molecule solutions ferdlpplication of real-time detection.

3. Resultsand discussion
3.1 Synthesis @Se-based derivatives

Scheme 1 illustrated the synthetic routes to ta@®e¢-based derivativesa-i. The key
intermediate 4,7-diethynylbenzif1,2,5]selenadiazole6] was designed to be synthesized by a
strategy of firstly introducing the trimethylsilygatylene flexible group, and then introducing the
selenium atom from the starting matei&l (1). And thenBSe derivatives7a-i was synthesized
by Pd-catalyzed Sonogashira-Hagihara reaction fcompound6 with various commercially
available diiodo aryl compounds in 60-75% yieldshe3e target compounds were fully
characterized byH NMR, *C NMR, El mass spectra and elemental analysis, Etermal
stability is one of the key requirements for preatiapplications of organic fluorophores. The
thermal properties offa-i were investigated by TGA, which were carried ouder a N
atmosphere at a heating rate of 10°C/min. As shiowkig. 1, although these compourtdsve a
similar structure, their TGA plots are differenthel TGA curves reveal that the degradation

temperature (J) of 5% weight loss ofa-i was in the range of 211-378°C. There is a totsd lof



about 32-50% for7a-i when heated to 700°C, respectively. The resulticate theseBSe

derivatives can provide a desirable thermal prggertvarious fluorescent materials.

3.2 Optical properties of compounda-i

The resulting compound3a-i are soluble in common organic solvents such as IgHC
dichloromethane (DCM), THF, Acetone, DMSO, dimetbginamide (DMF), CHCN and toluene,
etc. Their UV-vis absorption and emission specteaenwmeasured in CHCAs shown in Fig. 2 and
Fig. 3, respectively, and the data are present&dlite 1. These compountiave well-resolved
absorption peaks in the range of 235 to 500 nm, taedband situated at a short wavelength
300-350 nm region is assigned to the localized transition [12]. And in view of maximum
absorption wavelengthg <) of these compounds, all of them have strong altisor at a long
wavelength 420-500 nm region compared to compdiu(8D3 nm) due to its coplanarity BSe
unit and aryl groupia triple bond as well as the charge transfer frophgnoup toBSe unit [13].

The fluorescence quantum yieldBdj of 7a-i were determined in CHEht room temperature
using the quinine sulfate solution as a fluoreseewferenced®;, = 0.55 in 0.5 mol/L HSOy). The
@ values could be calculated using the equation [R4E®, (FJF,)(AJA)(ndn,)?, where s and r
denote the sample and reference, respectiteiy, the integrated fluorescence intenshlyis the
absorbance at the excited wavelength, arsl the refractive index of the solvent. As shown i
Table 1, it can be found that all these compouralge thigh quantum yieldstg = 0.17-0.37)
owing to Ds«i-A structure, with the exception Gl (@r = 0.04) containing a Nigroup which
guenches fluorescence. As shown in Fig. 3 and4;ig.can be found that these compounds show
tunable emission wavelengths by introducing appatgrelectron donors and acceptorB&e
skeletornvia an ethynyl linkage, and emit such as green, yellmange and red fluorescence under
a 365 nm UV lamp, respectively. The maximum fluoeege emission wavelengthg, (") of
compound¥b-d including electron-donating groups have obviowshét relative tora (546 nm)
containing only phenyl group. And among these camps, thestrongest donor substitutéd
appears emission peak situated at 669 nm, andshhigyla as 123 nm red shift and shows red
fluorescence, whereas, compoundsi containing strong electron-withdrawing groups show
obvious blue shift (19-33 nm). All these compoustsw large Stokes shifts (77-181 nm) which
is beneficial for the detection of emission wavglbnby avoiding the interference from the
excitation wavelength, especially féc and7d, the large Stokes shifts indicate a very efficient
intramolecular charge transfer (ICT) in the excigdte between the terminal methoxy group or
NH, group and theéBSe unit [3h]. Compared with those correspondiBg-based compounds
which have the some structure with and7c [15], 7a and7c exhibit about 20-60 nm redshift in
absorption and emission spectra. These resultsatedthat ther-conjugated organic compounds

are good candidates for wavelength-shifting mdtdeaelopment.

3.3 Fluorescence change of compourals toward solve polarity



D-n-A organic compounds often show solvatochromismctvhis based on the interaction
between the solvent molecules and a fluorophor safvent-dependent changes in the spectra of
these solvatochromic compounds provide a sensitigponse to changes in the surrounding
environment [16]. Based on the polarity of orgasitvent varied, the solvatochromic changes of
these compounds were studied. Herein, we firstlglist the solvatochromism @€. The UV-vis
and fluorescence spectra @f in various solvents, such as toluene, C{{THF, DCM, DMF,
acetone and C}N, are shown in Fig. 5 arfig. 6, and the absorption and emission data have
been listed in Table 2, respectively. The resultdicate that compoundc containing strong
electron-donating methoxy group presents similaogttion spectra in different polar solvents,
whereas, displays obvious red shift changes ofrdélstence spectra from 553 nm to 604 nm as
increasing solvent polarity from toluene to §CHN. Visible fluorescence dfc in various solvents
appears visual color change from green to red, whan be clearly observed under a 365 UV
lamp (Fig. 7). The results indicale shows solvent polarity dependence.

There are several independent modes of fluoropboirent interaction identified for
solvatochromism, and one of the most used quamétateatments of the solvent effects is the
Et(30) scale introduced by Reichardt [17}(8D) values were derived from the long-wavelength
vis/near-IR absorption band of a negatively solelatomic pyridinium N-phenolate betaine dye.
The dependence of the emission maximdwbn E-(30) solvent polarity parameter [18] can be
fitted to linear function and the correlation cogéntsR = 0.89 (Fig. 8). As the solvent polarity
increased, a positive solvatochromic shift can liseoved.

The influence of solvent polarity on the opticabperties of a fluorophore can be studied by
Lippert-Mataga equationAv = vapsVem = Zme—pg)zAf/hca3+C, a model that describes the
interactions between the solvent and the dipole emtrof a fluorophore [19]. In the equatiqn,
and pg are the dipole moments in the excited and grouates respectivelyh is the Planck
constant,c is the speed of lighta is the radius of the fluorophore and is Stokes shifts of
fluorescence spectra\f is called the orientation polarizability, which ncdbe expressed as
(e-1)/(2:+1)-(n*-1)/(2n*+1), herein,e and n are the dielectric constant and refractive indéx o
solvent, respectivelyf values for the various solvents could be calcdl&tem known values of
¢ andn (Table 2). The Lippert-Mataga plot @€ is depicted in Fig. 9. It can be found that thet pl
of Av againstAf in these different polar solvents has a positiveatation and is nearly linear with
correlation coefficienR = 0.92. The positive linear dependence suggeatsthie excited-state of
7c has a larger dipole moment than the ground-stdie.obvious solvatochromic redshift o¢
can be attributed to ICT effect on the fluorescemission, which leads to the decrease of the
energy level and solvent stabilization of excitéates This effect becomes larger as the solvent
polarity increases, resulting in the emission ktrger wavelength [20]. As a result, emissions of
7c depend on the solvent polarity and the fluoreseawdor changes can be directly detected by
naked eyes under UV-lamp. We further studied tioéspdf Av of the other compounds Af. The

UV-vis and fluorescence spectra of the other comgsun various solvents are shown in Fig. S1



and Fig. S2 (See Supporting Information), and theogption and emission data are listed in Table
S1 and Table S2 (See Supporting Information), spey. The results indicate that the optical
properties of all of these compounds also shovewifit degrees of positive solvent dependence
(Fig. S3, see Supporting Information), and in thesmpoundsyd exhibits the steepest slope,
indicating the largest fluorescence solvatochromigmich could be due to the strongest electron
donating ability of NH group. Thus, we can construct colorful fluoroplsoteased orBSe
derivatives which can form an ICT state that isnmalty sensitive to the solvent polarity, which
also implies these kinds of compounds might beieppgb the development of efficient sensors
for the detection of volatile organic compounds SA).

Considering not only the polarity but also the #gichnd the basicity of the solvents, the
solvatochromic Stokes shifts and emission bandacafan be calculated based on Kamlet-Taft
equation [21]:Y = Yy+aa+bg+cr . Herein, ¥ is the property of substance in the absence of
solvent e.g. in the gas-phase andz are the solvent parameters that characterizedidéya
the basicity and polarity of the solvent, respeasiiva, b andc are the corresponding coefficients.
The corresponding, # andz values of various solvents used in this studyciculating the
emission wavenumbers at the maximugy)and the Stokes shifta¥) are given in Table S3 (See
Supporting Information). The Kamlet-Taft coefficienfor ve,, and Av can be obtained by
multilinear regression analysis. According to thegression analysis fore, and Av, the
relationships can be established as follows:

Vem (CMY) = (19271+168)-(4181+436)(1173+167p-(2150+289)

Av (cm?) = (2642+404)+(5074+1052) (2087+404p+(1508+697)

For the sake of better visualization of the experital and the fitted data, the calculated values
of vem@andAv are listed in Table 2 and plotted against measuagges in Fig. 10, respectively. As
shown in Fig. 10, it can be found that the measwueddes forve,, andAv are correlated well with
those of the calculated by Kamlet-Taft equatior #re correlation coefficieni8 = 0.99 and 0.98,
respectively. As a result of these calculationds ihow evident that the Kamlet-Taft theory is

capable of describing the solvatochromic behaviaican a wide variety of solvents.

3.6. Molecular orbital calculations

We performed density functional theoretical (DF&jculations to gain a better understanding
of the geometric, electronic structure and optpraberties of the molecules presented in the study.
All calculations were carried out with the Gauss@i) Revision C. 02 program [22], using the
Becke’s three-parameter set with Lee-Yang-Parr fiwadion (B3LYP) with 6-31+G** basis set.
Fig. 11 displays the LUMO and the HOMO diagramscofpounds7a-i and the calculated
HOMO, LUMO and E are listed in Table 1.

According to Fig. 11, the LUMO distributions of seecompounds mainly reside on the central
BSe core, and the HOMO distributions are predominalutbated on th&Se core and substituted

phenyl rings. Thus, the excited states of thesepoaimds can be assignedrta* transition mixed



with ICT process in this system. This is in accowa with the experimental results of the
dependence on the solvent polarity for the fluease spectra of these compounds. As seen from
Table 1, it can be found that the HOMO energy ewdl’b-d containing electron donor group are
higher thar7e-i containing electron acceptor group because of l¢wren-donating ability of the
donor unit, such agd and7g show the highest HOMO energy (-4.86 eV) and theeklWHOMO
energy (-6.18 eV), respectively. It also can bentbidei have lower HUMO energy levels
compared torb-d because strong electron acceptor group can effé¢treduce the energy of
LUMO, and in these compoundgj has lowest LUMO energy (-3.60 eV). The band g&g} ¢f

7a-i are in the range of 2.21 eV and 2.70 eV, amdias the lowest band gap (2.21 eV) which can
be mainly attributed that NdHyroup with strongest electron-donating abilityaihg increases the
HOMO energy of the compound. The energy gaps obdairom the theoretical calculations and
UV-vis absorption maxima are described in Fig. Apart from a slight variation for each
compound, there is a satisfactory correlation & dtlata from the theoretical calculations and

UV-vis absorption maxima in that all compounds steosimilar trend exceph.

3.4. The fluorescence respons@obn Hd*

BT unit has been reported as a good receptor foreitmgnition of specific metal ion, such as
Hg?* and Nf* in some previous reports [4]. In comparison Wi, BSe used as recognition
moiety might weaken the binding capacity to othatahions except a specific metal ion, and
then improve the selectivity of ti&Se-based fluorescent sensor. Herein, we studiedhitigyaf
compoundrc to identify metal ions usinBSe asrecognition site. Compounit displayed orange
fluorescence centered at 575 nm when exciteth,at 458 nm in THF. In order to provide a
potential “zero-wait” detecting method for metains, we investigated the fluorescence response
behaviors of7c upon the addition of various metal ions in reaidi detection, all kinds of
measurements were monitored 10 s after additidgheofnetal salt to the host molecule solutions.
Fig. 13 shows the fluorescence spectr&ofn THF solution (1.0 x 10 molL™) with Hg?" in
CHsCN concentrations from 0 to 4.5 x1fnol-L™. As is evident from Fig. 13, upon the addition
of Hg”*, obvious fluorescence quenching can be observgd.let to about 94% quenching o
fluorescence at a concentration of 4.0 x°1@olL™>. In addition, the orange color of the
compound fluorescence disappeared after the addifitig’”, which could be easily detected by
naked eyes (Fig. 13, inset). The quenching effeetldc be attributed to the intramolecular
photoinduced charge transfer betw@erand theBSe-Hg>* complex. Notably, there exists a good
linear relationship between the changes in fluanese intensity ofc and the H§" concentration,

a curve equation is got in the range of’Hgoncentrations from 0 to 4.0xI0nolL™ is F =
3.43x10-7.85x1¢ [Hg*], R = 0.997, N = 13, which indicates that figcan be quantitative
detection (Fig. 14). According to the equation a&hd standard deviation of the blank, the
fluorescence detection limit &t for Hg"* was determined to be 5.0x1fholL™. The quenching

efficiency of a sensor can be described by thenSteimer equationFy/F = 1 +Ks\[Q], herein,



Fo andF are the fluorescence intensities in the absendepegsence of a quenchespectively,
Ksv is the quenching constant ard] [is the quencher concentration. At low concentrati of
Hg?* (0 to 1.0x10 molL™), a linear Stern-Volmer plot was obtained with #ig, value of
2.46x1G3 mol*-L, however, at high concentrations, the plot wamtbto be non-linear, showing
positive curvature as show in Fig. 15. The nonliitgauggests the mechanism of the quenching
process may involve a combination of complexatiod eollisional processes [23].

To test the selectivity of the sensor for¥jghe fluorescence response behaviorgcain other
important metal ions at a concentration of 2.0 ¥ L™ were performed (Fig. 16). All these
metals induced little fluorescence change, the ede@f fluorescence quenching KiFo) of 7c
were no more than 6% by other metal ions, such’a®K*, Ci*, C&*, Cd*, F€”, Mn**, Ni*",
Zn*" and Ag at a high mole ratio of 4:1, which could be atitér to the poor coordination ability
of the compound with these metal ions and the ucimeat radius of the metal ions. The results
indicate 7c exhibits excellent selectivity for Hf sensing. For effective Htjdetection, another
essential requirement is no or less interferencenfother metal ions. The Fgdetection
experiments of th&c solution were performed in the presence of 4.@%rholL™ of other metal
ions (Fig. 17). The deviation of the fluorescencermthing in the presence of other metals ions
was less than 5%. The results demonstrated thédégection showed no significant interference
from other metal ions. The high sensitivity andesality toward HG" of the compound may be
attributed to several factors, such as the strattigidity of theBSe unit, the larger radius of the
Hg?* ion and preferred coordination arrangement of'Hspft acid/base characteristicsBSe and
Hg?* [24]. These results indicate thBSe unit could function as recognition moiety for g

probe with high selectivity and sensitivity.

3.5. The fluorescence respons@abn water

BSe unit also can be used as a fluorophore of-R-BSe-based fluorescent sensors for
detecting the other species by introducing someifipeecognition sites on the parent structure.
Brown and Yuan reported that the fluorescent quantyield and lifetime of
4-aminonaphthalimide both decreased with the ism@avater content of the system, which can
be attributed to the formation of a hydrogen-bondkdter between the probe and the water
molecules by NH group [25]. This fact indicates th@ might be used as an efficient water
sensor, using amino group as an acceptorB8&dunit as a fluorophore. Herein, we investigated
the effects of the fluorescence response behawiord on water in real-time detection. Fig. 18
and Fig. 19 show the fluorescence spectra andsittyenf 7d (1.0x10° mol-L™ in anhydrous THF)
upon the water content from 0 to 1.83% in THF, eesipely. It could be found that the spectra
exhibited significant fluorescence quenching withobwmious redshift in the emission maxima as
the water content increased. When the water comtastincreased to be 1.83% (v/v), the degree
of fluorescence quenching was 81%, and the red ofl@d fluorescence disappeared (Fig. 18,

inset). Whervd was used to determine the water content, the @saoffluorescence intensity fit

10



well with a Stern-Volmer equation as a functiontioé water content=¢/F = 1 + 2.38 [HO],
herein, [HO] was the percentage of the volume of water and, TathdKsy was 2.38 (Fig. 20).
The results indicate that compourd containing amino group can be developed to bea go

fluorescent sensor for the quantitative detectioinazes of water in organic solvent.

4. Conclusion

A series of novel DeA BSe-based derivative§a-i with tuneable absorption and emission
wavelengths over a wide range by introducing strefgctron-donating/electron-withdrawing
groups into aBSe unit were designed and synthesized. These composhdwsed obvious
absorption peaks at the region from 429 to 488thenfluorescence from green to red in the range
of 512-669 nm and high quantum yields. The HOMO-LOMnergy gaps ofa-i obtained using
theoretical calculations were in the range of 2210 eV, which were in good agreement with
those derived from the absorption of UV-vis spec€ampound7c containing methoxy group
exhibited positive solvatochromism, which indicatiese kinds of arylethynylene materials
containingBSe might be used for solvent polarity sensors. Initaad fluorescent sensoi& and
7d showed highly sensitive response for mercury ioth teaces of water usir§Se as an acceptor
or a fluorophore in real-time detection, respedjyivdhese findings indicate th&Se-based

molecules can be developed as excellent fluorogHordluorescent material applications.
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Figure Captions

Fig. 1. TGA curves of compound&-i.

Fig. 2. UV-vis absorption spectra of compouritsi (1x10° mol/L in CHCE).

Fig. 3. Fluorescence spectra of compouidds in CHCE.

Fig. 4. Fluorescence photos @&-i in CHCk under a 365 nm UV lamp.

Fig. 5. UV-vis spectra off’c in various solvents.

Fig. 6. Fluorescence spectra ¢ in various solvents.

Fig. 7. Fluorescence photos @t in different solvents under a 365 nm UV lamp: fratft to right:
toluene, CHQ, THF, DCM, DMF, Acetone and GE&N.

Fig. 8. Polt of emission maxima @t vs Er(30) solvent polarity parameter of various solvents
Fig. 9. Polt of Stokes shiftsA() of 7c vs orientation polarizabilityAf ) of various solvents.

Fig. 10. Plots of the measured and calculated emissionmaaxa) and Stokes shifts (b) féc
obtained by the Kamlet-Taft equation.

Fig. 11. Molecular orbital diagrams for the LUMO (up) an@®MO (down) of compoundga-i
from DFT calculations.

Fig. 12. Comparison of experimental optical energy gapsn{ftUV-vis spectra) with theoretical
values.

Fig. 13. Fluorescence spectra o (1.0 x 10° mol L) in THF with increasing concentration of
Hg?* (0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.8, 8.0, 4.5 x 10 mokL™ in CHyCN) (hex= 458
nm). Inset: visible fluorescence ¢ before (left) and after (right) the addition of ¥1g4.0 x 10°

mol-L™) under a 365 nm UV lamp.



Fig. 14. Calibration curve was obtained from the plot afofiescence intensity afc with the
added HG' from 0 to 4.5 x 18 molL™

Fig. 15. Stern-Volmer plots ofc emission quenched by Hg Inset: a linear Stern-Volmer plot
was obtained at low concentrations o H to 1.0x10 molL™).

Fig. 16. Fluorescence quenching degree7of(1.0 x 10 molL™) in the presence of H (4.0 x
10°mol-L™) and other metal ions (each 4.0 x*1fokL™).

Fig. 17. Metal specificity: the concentration @ was 1.0x18 molL™, the concentration of Hf
was 4.0x18 molL™ and the other metal ions were used at 4.0xh6FL™. Mix: the mixture of
K*, P, U, Cd*, Cdf*, F€*, Mn?, Ni**, Zn?* and Ag.

Fig. 18. Fluorescence spectra @ (1.0x10° mokL™) in anhydrous THF with increasing water
content (0, 0.033, 0.067, 0.1, 0.133, 0.167, 0.2383, 0.5, 0.667, 0.083, 1, 1.17, 1.5, 1.83%), v/v
(hex = 502 nm, slit width (EX/EM): 5 nm/5 nm). Insetisible fluorescence ofd before (left) and
after (right) the addition of water (water contehB83%) under a 365 nm UV lamp.

Fig. 19. Fluorescence intensity @tl vs the water content.

Fig. 20. Stern-Volmer plot of7d in THF emission quenched by water.

Scheme 1. Synthesis procedures Bfe derivativesra-i.



Table Captions

Table 1. Photophysical properties of compourtdsi in CHCl.

Table 2. UV-vis absorption maxima and fluorescence emissiaima of7c and solvent polarity

parameter in different solvents.



Table 1. Photophysical properties of compourt@si in CHCl.

Compound Aape ™ Aem™™ (Aex) Stoke’s E,® HOMO LUMO E, ®p
(nm) (nm) shift (hm)  (eV)® (eV)™ (ev)®! (ev)™

6 393 464(373) 71 2.85
7a 444 546(448) 102 2.48 -5.65 -3.08 257 0.20
7b 452 563(450) 111 2.42 -5.50 -2.99 251 037
7c 465 595(460) 130 2.34 -5.29 -2.90 239 017
7d 488 669(489) 181 2.20 -4.86 -2.65 221 0.04
7e 443 546(445) 103 2.48 5.77 3.21 256 0.25
7* 443 543(446) 100 2.49 -5.90 -3.32 258 0.27
79 429 527(438) 98 2.55 -6.18 -3.60 258 0.31
7h 432 518(434) 86 2.57 -6.17 -3.52 2.65 0.22
7i 435 512(428) 77 2.53 -5.87 -3.17 270 0.27

[a] E,°P was calculated from the absorption of UV-vis spedband gap energy [eV] = 1240/wavelength [nm].
[b] DFT quantum mechanical calculations (B3LYP/6-&t*).

[c] Quantum yields were determined with the quinsnéfate solution as a fluorescence referege=(0.55 in 0.5
mol/L H,SGy).



Table 2. UV-vis absorption maxima and fluorescence emisgiaima of7c and solvent polarity

parameter in different solvents.

Toluene CHd THF DCM DMF Acetone CHCN
AapdNM 459 465 457 460 455 452 451
Vandemit 21786 21505 21882 21739 21978 22124 22173
Aen/NM 553 584 575 586 604 583 604
Ver/CT* 18083 16807 17391 17065 16556 17153 16556
Verfc® 18088 16834 17443 17041 16570 17040 16588
Avicm’ 3703 4698 4491 4674 5422 4971 5617
Avicm* Bl 3610 4906 4619 4611 5409 4985 5436
Af 0.0135 0.155 0.210 0.218 0.276 0.284 0.305
Er(30)/kcal mot* ) 33.9 39.1 374 40.7 43.2 42.2 45.6

[a] Obtained by the Kamlet-Taft equation.

[b] The values were taken from the reference [18].
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Highlights:

» Synthesis and characterization of novel D-n-A benzo[c][1,2,5]sel enadiazole-based derivatives.

» The new compounds exhibit positive solvatochromism.

» The band gaps of the new compounds are in the range of 2.21-2.70 eV.

» Application as fluorescent sensors using benzo[ c][1,2,5] selenadiazole as an acceptor or a fluorophore.
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1. The optical propertiesof 7a-i (except 7c)
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Fig. S1. UV-vis absorption spectra @b-i (except7c) in various solvents.
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Fig. S2. Fluorescence spectra of compourids (exceptrc) in various solvents.

Table S1. The maximum absorption wavelengthg,. ) of 7a-i (except7c) in different solvents.

Toluene CHJ THF DCM DMF Acetone CKECN
7a 438 444 434 437 431 432 429
7b 447 452 442 446 440 439 437
7d 488 488 502 489 509 495 487
7e 439 443 432 437 432 428 428
i 437 443 432 438 431 430 430
79 439 429 432 437 427 427 424
7h 425 432 423 428 420 419 419
7 425 435 420 424 418 416 416

Table S2. The maximum emission wavelengths,{"*) of 7a-i (except7c) in different solvents.

Toluene CHG THF DCM DMF Acetone CHCN

7a 517 546 523 539 544 530 543
7b 530 563 539 555 566 544 552
7d 610 669 689 671 - 767 -

7e 519 546 526 539 555 531 544
7f 516 543 522 535 544 528 539
79 516 527 523 535 541 528 542
7h 498 518 500 513 517 505 516
7 497 512 500 503 506 500 509
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2. Fluorescence responsive behaviorsof 7c on various metal ions
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Fig. $4. Fluorescence spectra @ (1.0 x 10° molL™Y) in THF in the presence of Hig(4.0 x 10°
mol-L™) and other metal ions, such a§ R, CU*, C&*, C*, F€* , Mn*, Ni**, Zr?* and Ad
(each 4.0 x 1®molL™) in CHiCN (heyx = 458 nm).
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Fig. S5. Metal specificity: the concentration @ is 1.0x10° molL™, the concentration of His
4.0x10° molL™?* and the other metal ions are used at 4.0xb0l-L™ . Mix: the mixture of K,
P, CU#*, Cd*, C, FE*, Mn?*, Ni**, Zn?* and Ad.

Table S3. Thea, p andn* solvent parameters used for constructing Figinlthe main text using
the Kamlet-Taft equation. The values were takemfref. 17 of the main article.

o B *

Toluene 0 0.11 0.49
CHCl, 0.2 0.1 0.69

THF 0 0.55 0.55

DCM 0.13 0.1 0.73

DMF 0 0.69 0.88
Acetone 0.08 0.48 0.62
CH:CN 0.19 0.40 0.66




3.'H NMR, ®C NMR spectra and mass spectra of 7a-i
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Fig. S21. 'H NMR of 7f (CDCls, 500 MHz)
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Fig. S24. 'H NMR of 7g (CDCls, 500 MHz)
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Fig. S25. °C NMR of 7g (CDCl;, 125 MHz)
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Fig. S27. 'H NMR of 7h (CDCl;, 500 MHz)
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