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Poly(benzodithieno-imidazole-alt-carbazole) based =n-conjugated copolymer probes with
nitrogen and sulphur binding sites exhibit remarkable selectivity and sensitivity towards Hg?* as
turn off fluorescent chemosensor.
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Abstract

In this work, highly emissive and solubieconjugated poly(benzodithieno-imidazalg-
carbazole)-conjugated copolymer${ andP2) have been synthesized through Pd(0)-catalyzed
Suzuki coupling polymerization protocol from theresponding monomers. For solubilizing in
common organic solvents, heptyl (iRl or 2-(2-(2-methoxyethoxy)ethoxy)ethyl (i2)
substituents have been introduced at benzodithimrdazole and 9-position of carbazole unit.
The well-defined and soluble-conjugated polymers have been characterized byirmaalear
NMR spectra as well as by tetradetector GPC stuglies/ing molecular weight (M of 16.5 and
14.3 kDa with the polydispersity indices of 1.36dafh.31 respectively. The emissive
conjugated polymers show remarkable selectivity sewisitivity towards Hg ion asturn-off
fluorescent probes as a resultnoblecular wireeffect, without interference by other competing
metal ions. The detailed photophysical and senshglies have been demonstrated to
understand the insight of polymer-metal ion intéoac which is responsible for selective
fluorescence quenching of tlheconjugated polymers. DFT studies have been peddrta gain
the insight of the electronic properties of the ssenby determining the frontier molecular
orbitals and the HOMO-LUMO energy levels for a miogmbe M1). The polymeric probes
(P1 andP2) are reversible in nature, and can also act asnslecy sensors for’S The limit of
detection of the polymer probes towards’Hg found to be in the range of 40-50 ppb with high
association constant in the order of M* suggesting its high applicability as chemosensor f
Hg?*. The polymers have also been explored as thin fibtlymeric sensor towards Fgto

demonstrate its practical utility.



Introduction

In the recent years, the development of chemosgrigothe recognition of biologically
and environmentally concerned toxic metal ions,eely H¢f*, has attracted considerable
research interest, due to its detrimental effeatdhe human health and natural ecosystem [1].
Mercury contaminations are originated from bothurat and anthropogenic activities such as
volcanic eructation, mining waste, leather tanrémgl from several industrial products such as
battery, painting, electrical equipments [2]. Marimquatic organisms convert inorganic mercury
into neurotoxin methyl-mercury, that bioaccumuldtesugh the food chain in the tissues of fish
and marine mammals. The results lead to a sevenamhealth problems such as brain damage,
kidney failure, Minamata disease, Hunter-Russefidsgme, damaging to the central nervous
system, various cognitive and motion disorders [3hited States Environmental Protection
Agency (EPA) fixes the upper limit of Hgin drinking water as 10 nM (2 ppb) [4]. In this
context, the environmental contamination resultingm mercury ion is alarming attention
throughout the world. Therefore, it is necessarybtdld up convenient and straightforward

sensors for rapid, sensitive, and versatile deteaf mercury ion with no interference.

Various research groups have developed diffenealydical methods for the detection of
toxic analytes, such as atomic absorption speams¢5], cold vapour atomic fluorescence
spectroscopy [6], gas chromatography [7], indutyivadupled plasma mass spectroscopy [8],
neutron activation analysis [9], and electrocheh{t@] with good sensitivities and selectivities.
However, each approach has some drawbacks due lky Imstrumentation, operational
inconvenience, analysis cost and test speed otta@idimiting their applications. In the recent
years, design and construction of novel and sirfiptrescent and colorimetric chemosensors
for selective detection of environmentally toxicakg metal ions including Hg have paid much
more attention due to their quick response to tieyée, operational simplicity, high sensitivity
and selectivity, cost-effectiveness and syntheteg[11]. Therefore, the interest in developing
simple and highly sensitive optical fluorescentrabsensors witturn-off or turn-on fluorescent
strategy for specific recognition of a heavy toxicalyte has grown steadily for chemical,

biological, and medical applications.

For the detection of toxic Hfja number of chemosensors have been developed by

various groups. Most of the fluorescent chemosenor He* are based on small molecules,
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such as cationic porphyrin core [12], BODIPY bag&8]|, Rhodamine B [14], coumarin [15],
pyrene core [16], cyclodextrin based probes [17]NABfunctionalized probes [18],
functionalized calixarene [19], fluorescein [20kaaoxacrown and cryptand derivatives [21].
However, compared to the small molecular organenabsensorg-conjugated polymers based
optical chemosensors possesses several importaahtades. The high sensitivity of the
conjugated polymers originates from the sensonyadigmplification which attributed to energy
migration along ther-conjugated polymer backbone upon light excitati@ss a result of
molecular wireeffect as demonstrated by the pioneering work byagaw [22]. In the recent
years, a number of polymer based probes for thegreton of metal ions have been developed
by various research groups [23]. In the recent, sghificant efforts have been focused on the
design and construction of conjugated polymer basedsory materials with appropriate
receptors unit to detect the toxic mercury metakif24]. However, there are few reports for
sensing toxic HY by n-conjugated polymer based sensor as efficiémin“off’ fluorescence
strategy with high selectivity and sensitivity [25]

Herein, we report design and synthetic protocol highly soluble and emissive
poly(benzodithieno-imidazolak-carbazole)r-conjugated copolymers through Pd(0)-catalyzed
Suzuki coupling polymerization. The copolymer prol®aving nitrogen and sulphur donor
atoms act as appropriate chelating sites for setesensing of HY ions. For solubilizing in
common organic solvents and in semi-aqueous medi@gptyl or 2-(2-(2-
methoxyethoxy)ethoxy)ethyl side groups have bedrodiiced respectively to benzodithieno-
imidazole and carbazole skeleton. The correspongiolgmers have been investigated for

sensory applications towards Has a thin-film polymeric sensor.

Results and discussion
Synthesis and characterization
A good and appropriate chelating or a binding siteached tat-conjugated polymer

backbone is essential to be a selective and attifieorescent chemosensor for toxic metal ions.
The favorable binding-site improves the binding stant and as well as enhancing the
fluorescence response towards the targeted toxial no@s. For this reason, the benzodithieno-
imidazole based ligand containing nitrogen and lmudplonors are unique choice in designing
probe for H§" [23 k,I]. Alkylation to rigid-rodzn-conjugated polymer is essential to improve the

solubility and solution processability of the syegized polymer. Accordingly, in this work we
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have designed the monomers in such a way that witding block (known as binding domain)
bears a suitable chelating-site for?4ginding. It is well known that soft Hfions (soft acid)
can preferentially interact with sulphur or nitrogéof N-heterocyclic aromatic ring) donor
atoms. The other block (signaling domain) of 9-WepH-carbazole havingt-conjugated
delocalized backbone with alkyl substituent enhatiee emission and sensing signal through
molecular wireeffect [22] and as well as solubility.

The diboronic ester functionalized carbazole momemd and 5) with heptyl and
TEGME groups, for Suzuki polymerization were obégirby borylation of 3,6-dibromo-9- alkyl-
9H-carbazole on treatment with-BuLi followed by addition of 2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2- dioxaborolang>¢O-Bpin) in dry THF at -78 °C as depicted in sckeh{26].
The characterization and purity of the monom&r8,(4 and5) were determined by multinuclear
NMR and mass spectrometry analysis (ESI). Analilfiqaure 8 and9 substituted with heptyl
(8) and 2-(2-(2- methoxyethoxy)ethoxy)ethyl (TEGMB) (vere synthesized (scheme 1) with
50-60% yield following our previously reported wdg]. In *H NMR, the four thienyl protons
in 8 and9 resonate as multiplets in the range of 8.03-7.%tB7a86- 7.77 ppm respectively. The
four benzene protons resonate as doublet at 7&%.&@ ppm. The triplet signal centered at 4.60
ppm is attributed to theCH,- protons, attached to nitrogen of the imidazoleeatyo For the
compound9, the TEGME protons resonate in the range of 4073.31 ppm. The characteristic
signal at 113.3 ppm in°C{*H} NMR, and the band centred at 2221 tim FTIR spectrum
confirm the presence ofGN group. Formation of compoun8sand9 was further confirmed by
HRMS study showing the molecular ion peak at 43D414nd 478.1232 respectively. The
bromination of8 and9 using N-bromosuccinamide yielded the dibromo déinreal0 and11 as
depicted in scheme 1. Analytically pul® and 11 were obtained through chromatographic
purification (silica 60-120) using ethylaceate:hex420-30%) as an eluent with 85-90 % yield.
The thienyl protons resonate as singlet at 7.747a6d ppm forlOand 7.73 and 7.68 ppm faf
respectively inH NMR. The CH,- group of the heptyl attached to nitrogen resanatetriplet
centered at 4.41 ppm, whereas tl#> group of TEGME group attached to nitrogen1df
appears as triplet at 4.62 ppm. MALDI-TOF studywsdhe molecular ion peaks at 588.581 and
635.785 forlOand11respectively.
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Scheme 1Synthetic route for the monomets and10-11.
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Scheme 2Synthesis of polymer$( andP2), and the model compouniyil).

To access the corresponding polymer, poly(benzmhbimidazolealt-carbazole) R1)
bearing heptyl groups, polycondensation of anadjlfqgoure monomerd and10 was carried out

in degassed THF using aqueous potassium carbosate kase and Pd(Pfhas a catalyst

following Suzuki coupling polymerization protocols ademonstrated in scheme 2. The



polymerization reaction was furnished under refhgxcondition with vigorous stirring for 48 h
under inert atmosphere. The polynfe2, substituted with TEGME unit to the 9-position of
carbazole was also synthesized by following theilaimstrategy from the corresponding
monomer5 and11. Quenching of polymerization by adding few dropsnethanol followed by
precipitation from its concentrated THF solutioni@e-cold methanol yielded both the crude
polymers P1 andP2). The polymerd®1 andP2 were further purified through Soxhlet extractor
by using hexanes, followed by MeOH to remove thgoohers and catalyst residue and finally
with distilled CHC. The CHC} part was collected and evaporated to get the biankn
powder of polymeP1 andP2 The synthesized polymers bearing long heptylBGIME groups
as side chain are readily soluble in common orgaoiwents (such as toluene, THF, and
chlorinated solvents) and exhibit strong greeniste o cyan fluorescence emission in solution.
Interestingly, both the synthesized poly(benzoditbirimidazolealt-carbazole copolymers
exhibit appreciable amount of fluorescence evesolid state (as thin film).

— P1
— P2

I L} T

T T
0 5 10 15 20
Retention volume (1 ml/min)

Fig. 1. Tetradetector GPC trace (refractive index respookt)e synthesized polymem8Xand
P2) using THF as eluent.

The synthesized luminescentonjugated polymers were characterized by multearc
NMR, FTIR and tetradetector Gel Permeation Chrograishy (GPC)H NMR spectrum (in
CDCl3) of polymerP1 exhibits two multiplets in the region of 7.84-7.@/d 7.73-7.60 ppm,
attributed the six aromatic protons of the carbazoiit. The signal at 7.58-7.45 and 7.41- 7.29
ppm as multiplet are assigned to the aromatic potd thienyl and phenyl group respectively.
The CH, protons of the heptyl groups attached to 9-pasitidb carbazole and benzodithieno-

imidazole groups resonate at 4.44-4.15 ppm as phetltiThe remaining alkyl protons resonate in



the region of 1.89 to 0.87 ppm. tFC{*H}NMR spectrum, the aromatic carbon B1 resonates

in the region of 134.7 to 118.2 ppm, whereas (N earbons resonate at 113.2 ppm. The heptyl
carbons appear in the region of 46.5 to 13.9 ppmil&ly, polymerP2 shows multiplets at the
region of 8.14-8.08 and 7.84-7.81 ppm ascribintheocarbazole protons, whereas the aromatic
protons of thienyl and benzyl unit resonates adiptets in the region of 7.80-7.745 and 7.69-
7.45 ppm. The TEGME protons resonate in the regiod.61 to 3.30 ppm. IF°C{*H}NMR
spectrum, the signal in the range of 151.3 to 1®m attribute the aromatic carbons of the
polymer P2, whereas the carbons of the TEGME unit resonatebe region of 71.8 to 46.3
ppm. In FTIR spectra, the signal at 2228 'cattributes the presence dEN group in the
polymer P1 andP2). The formation of the polymers was further camfad by tetradetector Gel
Permeation Chromatography (in THF with polystyresitandards) as shown in Fig. 1. The
number-average molecular weights,JMf the well-definedr-conjugated polymerdP(l andP2)

are 16.5 and 14.3 kDa with the very good polydisipeiindices of 1.36 and 1.31 respectively
(Table 1) [28]. The lower IMican be attributed to the introduction of bulky raorers with long
chain alkyl groups during polymerization. The maollec weight of the synthesizedconjugated
copolymers P1 andP2) is high enough to demonstrate efficient sensiuperties. The thermal
property of the polymer was also investigated ®yrttogravimetric analysis (TGA) in a nitrogen
atmosphere at heating rate of 10 °C/min to 700r&@ealing only 5% weight loss at relatively
higher temperature of 356 and 305 °C, &t and P2 respectively (Fig. S51). A model
monomeric probeM1) has also been synthesized and characterizedatolish the coordination

and mechanistic studies of Hgensing\(ide infra).

Table 1 Characterization data f&1 andP2

Mn(kDa) My(kDay  PDF T (°C)°
P1 16.5 22.4 1.36 356
P2 14.3 18.7 1.31 30%C
2obtained from GPCfrom TGA studies.

Photophysical study
Excellent solubility of the synthesized polymeliswaed us to evaluate the photophysical
properties with UV-vis and fluorescence spectrae photophysical properties of the synthesized

n-conjugated copolymerB1 and P2 were conducted in THF in 2 x TOM concentration as
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depicted in Fig. 2. In solution (THF), polymBd exhibited absorption maxima at 305 and 361
nm while the polymeP2 showed similar absorption a.x0f 297 and 356 nm witlz values in
the range of 2.02 x £02.12 x 16 M~*cm™, which were attributed to the-n* electronic
transition of thet-conjugated polymer backbone. The relatively higargy absorption &tyax0f
241 and 237 nm was assignecdtas transition for the appended benzonitrile substit Ther-
conjugated polymerd?(l andP2) exhibited strong cyan to blue emission centetetb@ nm e
= 361 nm) and 494 nm.d= 356 nm) forlP1 andP2 respectively. The photoluminiscent quantum
yields @) of the polymers are in the range of 22 - 21% liFTas measured by relative method
with quinine sulphate (in 0.1 M sulphuric acid) raterence [29]. The absorption and emission
properties of the model compouridX) are very much similar to those B suggesting that the
lowest singlet excited state and theslectron delocalization are almost confined toirayle
repeating unit in the polymer backbone. The smathbchromic shift inkem by varying the
solvent polarity suggests that the ICT fluoresceisceot dominant in these systems (Table S1
and Fig. S62. In thin film (made by spin coatingduartz substrate), the absorption maxima of
the polymerP1 and P2 were observed at 365 nm and 361 nm. More integigtitoth the
polymers are highly emissive in green to blue gpécegion even as thin film showirig, at
527 nm and 535 nm respectively with a Stoke's slift660 and 7846 cirespectively. In the
solid state (as film) photophysical studies, asbift byca.5 nm (in absorption spectra) and 30-
40 nm (in PL spectra), relative to that in solutstate, was observed presumably due to the
enlargedr-conjugation of the polymer backbone in solid stdtiee relevant photophysical data
of the polymers are tabulated in Table 2.
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Fig. 2. (a) Solution state UV-vis and PL spectra for théypers P1 and P2 in THF with a
concentration of ~I® M (b) Solid state UV-vis and PL spectra for thinf (spin coated on
quartz plate from CHGlsolution of polymers) of the polymelPd andP2 at 28 °C.



Table 2Photophysical data of the polymeRsl( P2) and the model compountig).

Absorbance (nm) Emission (nm) Stoke’s shift (¢m
Polymer  Solution Solid Solution Solid Solution  Solid
Amax (€ x10%in Amax Aem @ (%) em
M~ tem ™)
P1 361 (2.09), 305 365, 499 22 527 7660 8272

(2.12), 241 (3.15) 309, 247

P2 356 (2.02), 297 361, 494 21 535 7846 9009
(2.09), 237 (3.13) 306, 257

M1 356 (2.01), 303 (2.10 363, 494 18 - 7660 -
236 (2.95) 303, 256

®Measured by relative method with quinine sulphateéd(1 M sulphuric acid) as the referende=%
0.54).

To estimate the HOMO and LUMO of the polymers, ¢iielic voltammetric experiments
of the synthesized- conjugated polymers were conducted (Fig. S72).tlkis purpose, films of
the polymers were prepared by drop casting theespanding DCM solution on GC-disc
electrode. The measurement was carried out iBGBHsolution using n-BANPF; (0.1 M) as
supporting electrolytes, Pt wire counter electraaled Ag/AgCl reference electrode. The
electrochemical data are summarized in Table 3. @O&hergy levels oP1l and P2 are
calculated as -4.92 and -5.02 eV respectively ftloenonset oxidation potentials considering the
known reference level for ferrocene (4.80 eV betbe/vacuum level) according to the equation;
Eromo (V) = [Bonset- Eox(ferrocend) - 4.80 [30]. We have calculated theuko levels from the
Enowmo levels and its optical band gaps¥ using the relation, Bwo = Exomo + E”” [31]. The
optical energy band gap {¥) of the polymer probes was calculated by examitiregedge of
the solid state absorption spectra by using theatému E°"(eV) = 1240k The optical
energy bandgap was found to be 2.54 and 2.55 eNffandP2 respectively.



Table 3Electrochemical data and HOMO and LUMO energy lewé|

P1andP2.

Polymer Bx V  Eiomo(€VF  Eumo.(eV) EP(eV)
P1 0.63 -4.92 -2.38 2.54
P2 0.73 -5.02 -2.47 2.55
M1 0.67 -4.96 -2.38 2.58

®From the onset of the oxidation potential, and gsihe equation,

EHomo (eV) = [Eonset‘ on(ferrocene} - 4.80. b(ELUMO = Biomo + Egom)-
°E,” from solid state absorption spectra.

Selective recognition to H§"

The excellent emissive nature of the polynkdr and P2 having dithieno-imidazole
binding sites encouraged us to explore their patkapplication as a fluorescence chemosensor
for the selective detection of toxic metal ions. €gplore the potential application, the
absorbance and fluorescence responses of the hegyhnigsive probedl and P2 were
investigated in 1:1 and 2:3 THF-@ respectively in 5xI®M concentrations. The photophysical

responses d?1andP2are similar to that in 5 x T0M THF solution.

(a) Free P Na',K',Mg™, Ca™", Ba’ (b)
cd”, Co™, Cr' NI, b’ 1.0

/ Zn",Fe', Ag LAl sP

PL Intensity (a.u.)

- 0.0
J Al A J J
400 450 500 550 600 650 700 12345678910111213141516171819

Wavelength (nm)

Fig. 3 (a) Change in PL response Bi towards various metal ions (1 eqv.). (b) Seledtivit
profile; Blue solid bars: Free sensor or treatetthwietal ions; Red solid patterned bars: Treated
with competing metal ions followed by 1 eqv. of ¥{gl—15 represent 191 2) Na 3) K* 4)
Mg?* 5) C&" 6) Cd* 7) Cd* 8) Cr* 9) N* 10) PB* 11) Cd* 12) HG* 13) zrf* 14) FE* 15)
Ag' 16) B&" 17) SF* 18) AP* 19) all. For interpretation of the referencesatoar in this figure
legend, the reader is referred to the web versighig article.).

The high stability and the electron rigfconjugated network of the synthesized polymers

make a supreme candidate for sensing of toxic metathrough the fluorescence quenching
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taking advantage omolecular wireeffect of then-conjugated polymers. To determine the
optimum concentration in which self-aggregationboth the=n-conjugated polymeric probes
throughn-n stacking is minimal, we have recorded concentnatiependent emission spectra as
well as dynamic light scattering (DLS) studies. Mincreasing concentration from i@o 10°

M in THF the emission intensity ¢t1 and P2 decreased significantly (Fig. S52). The emission
intensity of the probes also decreased when theisplwas diluted to I®M. DLS studies of
the probes were carried out by varying the conegéiotr, ranging from 16to 10° M (Fig. S53).
The average aggregate sizey@f 30-50 nm for both the probes confirmed theligdge self-
aggregation and the presence of mainly unimershefpolymeric probes in relatively dilute
solution ofca. 10° M in THF. Henceforth, the sensing application veagplored in 16 M
concentration to avoid the self-association behawgiothe probes. The metal ion recognition
study through the absorbance and fluorescence nsspwas investigated qualitatively by
treating the polymer probes in THRE®I with various biologically and environmentally eeant
metal ions including alkali metal ions {KNa&"), alkaline-earth metal ions (€a Mg**, SF**,
B&’"), and heavy/transition metal ions (such a$'CRif*, Cdf*, Ni*, zr?*, Ag", C*, Fe*, and
Cr*"). Upon addition of these metal ions to the polymesbe P1, absorption band remain
unperturbed or no significant change in the abgamghtensity was noticed. Similar result was
obtained for TEGME functionalized prolf2. However, upon treatment with one equivalent of
Hg?* per benzodithienoimidazole unit, a remarkatbie-off fluorescence response for both the
polymer probes was observed. The investigationrigleshows that the polymei81 and P2
exhibit excellent fluorescent probes for detectafnHg?*. By contrast, other metal ions only
caused marginally fluorescence discrepancies itrasinto H§", establishing an efficient sensor
for Hg?" ion as illustrated in Fig. 3a. Both the polymBrsand P2 exhibited partial quenching
(ca. 10%) upon addition of Ci, however change in fluorescence intensity wasstitdjuishable
by naked eye (ESI). The essential criterion foeladtive sensing probe is the ability to sense the
particular metal ion in the vicinity of other contipg metal ions. The synthesizedconjugated
polymers P1 andP2) exhibited fluorescence quenching by?Hgvhich was remained intact in
the presence of other competing metal ions and ememore complex mixtures. This
observation accomplishes the criterion for an Efitselective probe towards Has portrayed

in Fig. 3b. Moreover, the fluorescence responsedifferent mercury (ll) salts with various
counter anions (such as NOOAc, §, ClO;, SCN, SQ%, Br, I and CI) were also
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investigated to ensure the anion-independé&min:off’ response (Fig. S59). Thus, it can be
established that both the polymer sensors unveileellent selectivity towards different Hg

salts irrespective of counter ions and in the vigiof the other competing metal ions.

(a) (b)

I/

PL Intensity (a.u.)

T T T T T
400 450 500 550 600 650 700 0.0 0.2 0.6 0.8 1.0

0.4
Wavelength (nm) ng2+|

Fig. 4.(a) Fluorescence titration &1 upon incremental addition of Eigmetal ion with visual
change in fluorescence (b) Job’s plotif:Hg?* complexes in 1:1 THF D medium.

To obtain an insight into the sensing mechanisndaepth and to find the binding
stoichiometry of the probe with g spectroscopic titration was accompanied withretinaous
variation of concentrations of metal ion (FlgUpon addition of increasing equivalents of’Hg
the corresponding emission spectrum showed a grddueease in intensity as illustrated in Fig.
4a, and at a higher concentration (2 x*10) of Hg?* the fluorescence was completely
guenched, which could be presumed to the complat@ation of benzodithieno-imidazole-
bounded Hg'-metallopolymer. The selective quenching of thebpr¢®1 and P2) towards HG"
is easily visualized by naked eyes. Interestinglyer addition of one equivalent of Hgper
benzodithieno-imidazole unit to the polymer solotiteads to almost complete quenching
(98.6% forP1 and 98.1% forP2) of fluorescence and the emission intensity alnmestined
intact after addition of excess equivalent of’Hgresumably due to the unavailability of the
vacant coordination sites in the polymer backbdre fluorescence intensity at 527 and 535
nmQ.en) of the probe towards Hfremained unperturbed in the pH range of 5.4—80556-8.7
for P1 and P2 respectively, establishing the sensing capabititythie physiological condition
(Fig. S60-S61). The stoichiometric ratio of bento@no-imidazole:Hg (II) in P1-
Hg?'metallopolymer formed through coordination ofH¢p the benzodithieno-imidazole units
was estimated to be 0.88 from the saturation behadi emission spectra, suggesting a 1:1
benzodithieno-imidazole:H&coordination behavior. To further prove the 1:brnation, the

model monomeric probeM1) has been treated with Figin a similar set of condition as
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performed sensory studies for the polymers. Jolosipdicated the 1:M1:Hg?* stoichiometry
as depicted in Fig. 4b.

The coordination of H to the chelating sites of the probe was investigaty IR
spectra andH NMR titration for the model compound(). Probably the soft and borderline
binding sites having sulphur and nitrogen donomatccan interact preferentially to the soft
Hg?*. In the probe, three recognition sites are avhlétr Hg* binding, i.e. “S,N-R”, “-C=N"
and “N,S”. The probability of the binding in the ,“S-R” site was ruled out by considering the
steric hindrance of the heptyl substituent. In fRespectral titration, the stretching frequency of
“.C=N" group at 2221 cim remains intact even after the addition of 1.5 egjent of H* metal
ion. Hence, the Hg recognition towards the =#N site was further excluded the possibility of
coordination. Therefore, the Bfgion presumably coordinate with the “N,S” coordingtsite.
The stretching vibration band for C=N (imidazoleg) appeared at 1605 and 1468'cwhich
were gradually shifted to lower energy region upatdition of H§" ion. The C-N stretching
vibration band along with the C-S bond (of dithiamait) also shifted to lower energy region
from 1235 crit and 800 cnt respectively with incremental addition of HigFig. S70) [32]H
NMR titration also supports this presumption. Alistrated in Fig. S71, after incremental
addition of HG", the signal for thienyl (5} and carbazole protons {ldnd H;) experienced slight
downfield shift by 0.03 ppm. Thus, the results dfIFF spectral andH NMR titration also
suggest coordination of Hgto “N,S” chelating site of dithieno-imidazole umiith 1:1 binding
stoichiometry .

To further confirm the coordination mode betweea tN,S"-chelating site oM1 and
Hg?*, the density function distribution analysis wasrieal out. The geometry o1l and
[M1eHg(NOs),] were fully optimized by Becke’s three parametgbiid functional using the
LYP correlation functional (B3LYP). The LanL2DZ lmsset was employed for Hg element
while the 6-31G(d,p) basis set was assigned to etadrelements (C, H, O, N and S) [33]. To
reduce the computational time, the long alkyl goowape replaced by -GHyroup. The DFT
geometry optimization studies also support 1:1 doation as presumed from fluorescence
titration studies (Fig. 5a). Furthermore, the fotiora of 1:1 M1:Hg?* complex was
unambiguously confirmed by MALDI-TOF analysis shagimolecular ion peakM1-Hg(ll)-
NOs]" at 1219.847. The experimental isotopic distributgmttern for the molecular ion peak is

in well agreement with the simulated one as preskemt Fig. 5b.
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(b) [M1-Hg(IDNO;]* 1219847

1218831

1221.866

1223877
L 1216.831
i
T b

lel«,“nm, ihdhulbub iobihbedly
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Simulated Experimental

Fig. 5. (a) Proposed Hg-coordination with model sensing prod4l (obtained from DFT
computed optimized structure). (b) Simulated angeexnental isotopic distribution pattern for
the molecular ion peak,M1-Hg(I)NOs]* obtained from MALDI-TOF mass spectrometric
analysis.
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[Hg™] [Hg™|

Fig. 6. (a) Stern-Volmer plot for the quenching B1 by incremental amount of Hg (b) The
linear dynamic fluorescence responsePdf against HG' to determine the limit of detection
(LOD).

The emission quenching process was also analygdlebStern-Volmer (SV) equation
lo/l = 1+Ksyv[Q] [34], where § and | are the fluorescence intensities in the radesand presence
of the quencher [Q] and d« is the Stern-Volmer fluorescence quenching corstin the
analysis, the relative fluorescence intensitig)(lvere plotted versus the concentration of the
quencher ions (Hg) and the rate of quenching was determined. Theedse in the fluorescence
intensity with the linear SV-plot suggests for stdliorescence quenching of the probes in the
presence of Hg metal ion with Ky value of 4.75 x 10and 4.28 x 10M™ for the polymer$1
and P2 respectively, indicating thermodynamically stablending between Hg and the
chelating site attached toconjugated polymer. The fluorescence life timedss of both the
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polymer probes also supports the static quenchireg@menon as the life time is invariant with
different concentration of the metal ions (Fig. $36is noteworthy to mention that the limit of
detection (LOD) [35] o1 andP2 for Hg?* (1.35 x 10 M™* and 2.17 x 10 M respectively) is
sufficiently low for practical utility as fluoresoé probe, as calculated from the concentration
dependent fluorescence titration study shown in &ig

The plausible sensing mechanisms could be dueeteliblating quenched fluorescence
(CHQF) by Hg* as demonstrated elegantly by Schreckensaahd Huang'’s groups [36]he
HOMO orbital is delocalized over the carbazole aedzodithieno-imidazole moiety while the
LUMO is mainly distributed over the benzonitrileogp. The important frontier orbitals of the
free M1 and Hg'-coordinated complexes are presented in Fig. 7 (Gigd S76). In the
coordination process, tHd1 acts as an electron pair donor, while thé'Hgn serve as a an
electron pair acceptor and coordinates througlatadable vacant s-orbital. The vacant s-orbital
of the Hd" (-3.34 eV) metal ion is in between the HOMO (-4692) and LUMO (-1.72 eV) of
M1 as evidenced from DFT studies. The data in Tabledicate similar situation for the
polymeric probed?1 and P2 Hence, the chelating quenched fluorescence (CHH)duced
resulting radiationless decay of the excited ssaie thus the polymers act as efficiémtn off
probe for toxic H§" (Fig 8 and Fig. S77) [36].
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M1 [M1-Hg(NO,),]
Fig. 7. Selected frontier molecular orbitals fdl and [M1-Hg(NG;),]. Estimated HOMO-

LUMO energy levels (eV) from DFT calculations, HOM&.92, -5.66; LUMO: -1.72 and -3.34
respectively. To reduce the computational time hdgtyl group has been replaced by sCH

PL ON NG PL OFF

Fig. 8. Proposed sensing mechanism for the polymer pfhe,

16



(b)

PL Intensity (a.u.)
PL Intensity (a.u.)

T T 1
400 450 500 550 600 650 700 0 2 10 12

i 68
Wavelength (nm) No. of Cycles

Fig. 9. (@) Change in PL intensity after incremental additof S to Hg?*-metallopolymer in
THF-H,O medium (reversibility study) (b) Cycles of em@siquenching and recovery by
exposing the polymer probe (as film on quartz sabs} towards S solution demonstrating
reusability.

The reversibility of a sensing probe is anotherangnt aspect in view of the reusability
and cost-effectiveness of the sensing probes. RBiidy of the chemosensors was
demonstrated by the addition of $ the H§*-metallopolymer complexify = 361 nMem =
499 nm). The $ion is well known to bind strongly with Hf Incremental addition of°Sto a
solution of Hg"-metallopolymer showed the opposite trend in therfiscence intensity due to
the formation of stable HgS complex, and subsedpergain of free probe demonstrating
reversible nature of thel and P2 probes. (Fig. 9a). Furthermore, the*Hgetallopolymers of
P1andP2can act as a secondary sensor to detect’the S

After the successful sensing studies in solutioasgh the recognition of Hgwas also
investigated for both the polymePd andP2 as thin film probe. Thin films of the probes foeth
solid state measurements were casted from THFisolanto quartz plates. Solid state PL
studies of the polymeric films were conducted. €gobf emission quenching and recovery by
exposing the probe towards successive treatmergdfand $ demonstrated reusability. Most
importantly, the reversible process could be regbal several times (more than 10 times) with
little loss of fluorescent efficiency (Fig. 9b).

Solid state PL studies of the Hecoordinated polymeric films were also conducted by
immersing the polymer film into the various coneatiobns of H§* aqueous solution (1QM—
1uM). Fig. 10a demonstrates a significant amountuw#nghing of the emission centered at 527
and 535 nm for the polymer probes with a graduddlgrease of emission intensity as a function
of increasing concentration of Bfg To investigate the practical and real time amgpiin of

chemosensor, the excellgntn-off sensing behaviour of the polymer sensing probeésgtd was
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employed. In order to demonstrate the potentiditytf the sensing probes towards #gtest-
paper experiment was conducted. The test strips pr&pared by immersing filter papers into a
THF solution of polymer (0.1 M) and then dryingaim. The test strips containing polymer probe
was immersed into the aqueous solution of ‘Hiy varying different concentration (£6- 10’

M) and the obvious change from green emission t& deeen could be detected by naked eye
(under 365 nm UV lamp) as shown in Fig. 10b. Sintésponse was observed for polyrR@rin

the similar set of experimental conditions (Fig9p@ his result demonstrates tiiRlt andP2 are
excellent chemosensors for the immediate visuaatien of H§* in solution and as test paper
strip.

(a) (b)

Intensity (a.u.)

450 500 550 600 650 700
Wavelength (nm)

Fig. 10.(a) Emission quenching of polymBt by micromolar aqueous solution of Hgnetal
ion demonstrating trace detection. (b) Chang®btest paper strips after treating with different
samples of Hf varying concentration (19-10” M), under 365 nm light.

Fig. 11. FESEM images and EDX line trace analysiaf(left) and after treatment with Hg
(right) revealing binding of Hg to polymers.
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Fig. 12. Bright-field TEM micrographs of (a) monodispersénapcal self-assembled structures
of P1formed in 45% (v/v) MeOH/THF (b) ribbon like selésembly after addition of 150 of
Hg?* metal ion solution (as 5 x TOM in water). (c) STEM mapping showing the preseate
Hg?* in the vicinity of S and N, further proving Hg(lbinding to N,S sites. (d) Comparison of
overlaying integrated EDX point spectra. Carbontedaopper grid (300 mesh) was used for the
TEM.

The scanning electron microscope image analysthepolymer probe films (prepared
by drop casting of 5 x TOM chloroform solution on aluminium substrate) weerformed to
observe the change in surface morphology of thgnpeils before and after coordination of*Hg
Typical FESEM images of the morphology are showfig 11. Line EDX analysis of the film
was also carried out before and after?Hipn coordination, which shows the presence of
elemental Hg, confirming the formation of the #goordinated metallopolymer. The TEM
analysis (Fig. 12a,b) was also carried out to wstded the self-assembly of the Fig
metallopolymer complex. In order to study solutgeif-assembly, the polymé&l (1.5 mg/ml)
was dissolved in dry THF, (a good solvent for th@ymer) to give clear greenish-yellow
solutions at room temperature (28 °C). After 2 Bpdry and filtered MeOH (passing through a
syringe filter, PTFE 0.4um) was then added dropwise until the solution «iadi of ~45%

(v/v) MeOH in THF. This process was accompaniedabgolour change from clear greenish-
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yellow to turbid yellow coloration. Transmissioreetron microscopy (TEM) analysis showed
the formation of sphere-like self-assembled stmectvith diameter in the range of 800-950 nm.
Interestingly, after H§j coordination, the sphere self-assembled strudraresferred to ribbon
like aggregates as monitored by TEM analysis. THENS element mapping of an area of 284 by
284 um with a pixel resolution of 256x256 (Fig. 12c,daclearly revealed the formation of
Hg?*-metallopolymer by showing the signal of N, S argi[B7].

Conclusion

In conclusion, we have designed and synthesizeltdeBned solublen-conjugated
copolymer P1 and P2) consisting of carbazole and bezodithieno-imidazwi alternating
fashion, through Suzuki coupling polymerization.eTéynthesized polymers exhibit a simple,
facile, low-cost and efficient chemosensor towatdg?® through fluorescence quenching
responsessia CHQF mechanism. Furthermore, no obvious interferewas observed upon
addition of various metal ions, indicating excelleselective recognition of Hg by the
polymeric probe in semi-aqueous environment. Thet Iof detection of the polymer probes
towards H§" was found to be in ppb level with high associatonstant in the order of 107
Naked eyes can detect the distinct and rapid chandleorescence under 365 nm light. The
coordination of the HY to the “N,S"-chelating site of the dithieno-imidde unit was
investigated though IR spectra afld NMR spectroscopic titration. To gain an insightoi
coordination mode of Hg to “N,S’-chelating site, DFT geometry optimizatistudies was also
performed. The favorable energy of LUMO of igvhich is in between the HOMO and LUMO
of sensors, induces chelating quenched fluoreso&id®F). Moreover, the polymers serve as a
reusable and recyclable probe on successive addifitif*and $. The paper strip test study
was also inspected, to demonstrate its practidtyuds convenient and efficient Egtest kit.
This work clearly reveals a novel platform to fthdevelop easily processabieconjugated
fluorescent polymer based simple, selective, higleysitive, low cost and reversible probes by
judicious design of coordination site for sensingt only metal ions but also different
environmental and biological relevant analytes.

Materials and Instrumentation
All the air and moisture sensitive reactions arahipulations were carried out under an

atmosphere of pre-purified N2 or Ar by using staddachlenk techniques. The glassware were
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oven-dried (at 180 °C) and cooled under vacuunrahgtrofuran and diethyl ether were dried
over Na/benzophenone. All chemicals were purchdsad Sigma Aldrich unless otherwise
noted. Silica gel (60-120 and 100-200 mesh) useddiomn chromatography, was purchased
from Merck. Pd(PP).Cl, and Pd(PP{)4 were synthesized following the literature methd8][

1H (600 MHz and 400 MHz), 13C{1H} (150 MHz and 10Hz) NMR spectra were
obtained from Bruker Lambda spectrometer using GD@iless otherwise mentioned. Spectra
were internally referenced to residual solvent gek= 7.26 ppm for proton andl= 77.23 for
carbon (middle peak) in CDCI3). All coupling congta (J) are given in Hz. The HRMS was
recorded in ESI+ mode (70 eV) in Waters mass spedter (Model: Xevo-G2QTOF). The
absorption and fluorescence spectra were colleasidg a Shimadzu (Model UV-2450)
spectrophotometer and a Hitachi (Model F-7000) sp#aorimeter, respectively. FTIR
spectroscopy was recorded in Spectrum-BX (PerkimeE). Solid state PL spectra were recorded
in Flurolog Horiba (Model FL-1016, Spectracq). MALDOF study was performed by using
Bruker MALDI- TOFUltrafleXtreme instrument. TEM anEDX-STEM analysis of polymer
were carried out by JEOL JEM2100F (Japan) Tranantt Electron Microscope with JEOL
EDS detector. Scanning Electron Microscope (SEMilymis was carried out with ZEISS
MERLIN (GEMINI2) FESEM with Oxford EDS detector. €&mogravimetric analysis (TGA)
was carried out using Perkin Elmer Pyris DiamondOTA instrument. The thermal stabilities
of the samples under nitrogen were determined kasoréeng their weight losses while heating at
a rate of 5 °C/min. Molecular weights and polydisg indices (PDI = M/M,) of polymers
were obtained by Gel Permeation Chromatography {GQR@hg a Viscotek VE 2001 Triple-
Detector Gel Permeation Chromatograph equipped waittomatic sampler, pump, injector,
inline degasser, column oven (30 °C), styrene/gibienzene columns with pore sizes of 500 A
and 100,000 A, VE 3580 refractometer, four-caplidifferential viscometer and 90° angle laser
and low angle laser (7°) light scattering dete¢ide 3210 & VE270). HPLC grade THF was
used as the chromatography eluent, at a flow fatleOomL/min. Samples were dissolved in the
eluent (1 mg/ mL) and filtered with a Ministart SRB filter (polytetrafluoroethylenemembrane
of 0.2um pore size) before analysis. Calibration of alkéhdetectors (refractive index, laser light
scattering and viscometry) was performed using gigigne standards (Viscotek). This
equipment allows the absolute measurement of holpmeo molecular weights and PDIs.

Cyclic voltammetric studies were performed on a BEBsilon electrochemical workstation in
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acetonitrile with 0.1 M tetra-butylammonium-hexafluorophosphate (TBAPF6) as the
supporting electrolyte at room temperature. Thekwmgrelectrode was a BASI Pt disc electrode,
the reference electrode was AgQ/AgCl and the auyilialectrode was a Pt wire. The
ferrocene/ferrocenium couple occurs at E1/2 = HT@LV versus Ag/AgCIl under the same
experimental conditions. The dynamic light scattgi(DLS) was carried out using Malvern Zeta
sizer Nano series equipped with a laser with wangthe of 633 nm and a detector oriented at

173° to the incident radiation.

Experimental

3,6-Dibromo-9-(2-(2-(2-methoxyethoxy)ethoxy)ethylBH-carbazole (3): To a solution
of di-bromo-9H-carbazolelf (1 g, 3.07 mmol), in anhydrous DMF (15 ml), NatbQ
mg, 4 mmol) and 1-bromo-2-(2-(2-methoxyethoxy)ethexhane (840 mg, 3.7 mmol)
were added. The reaction mixture was stirred af@Qor 24 h. After consumption of
carbazole substrate (the reaction was monitoreflLlfy;, n-hexane: ethyl acetate was used
as the eluent) the reaction mixture was pouredwdter (200 ml), extracted with ethyl
acetate (3 x 50 ml) and dried over anhydrous MgS®e solvent was removed under
diminished pressure and the residue was purifiedabymn chromatography eluting with
n-hexane: ethyl acetate (1:4) to afford colourlégsidl with 70% vyield (1.01 g)H NMR
(400 MHz, CDC}): 6 8.12 (s, 2H, carbazolyl), 7.54 (d, 2H= 8 Hz, carbazolyl), 7.34 (d,
2H, J = 8 Hz, carbazolyl), 4.43 (t, 2H,= 2 Hz, -NCH-), 3.83 (t,J = 2 Hz, -NCHCH,-
0-), 3.50-3.40 (m, 8H), 3.34 (s, 3H, -OgQH"*C{*H} NMR (100 MHz, CDC}): § 139.4,
128.9, 123.3, 122.3, 112.0 (carbazolyl carbon bh#dcto bromine), 110.7 (carbazolyl
carbon attached to bromine), 71.8 (alkyl carboachtd to N), 70.9, 70.5, 70.1, 69.3,
58.9, 43.4 (-OChk). MALDI-TOF (m/z): CigH21Br,NOsz, calculated value 471.986 ()
found 471.521 (M).
9-heptyl-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxabalan-2-yl)-9H-carbazol€4): A
solution of n-BuLi (1.6 M in hexanes, 9.3 mL, 14.8 mmol) was edidropwise to a
solution of2 (2.03 g, 4.8 mmol) in THF (50 mL) kept at -78 “The obtained mixture
was vigorously stirred for 1 h at -78 °C before #mdition of 2-isopropoxy-4,4,5,5-
tetramethyl-[1,3,2]-dioxaborolane (2.85 g, 15.2 nhmi@a one portion. The resulting
solution was then allowed to reach room temperaamd to react overnight. After

removing the solvent under vacuum, £ (50 mL) was added and the obtained
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solution was washed with water (3 x 50 mL) and dimeer NaSO,. The solvent was
removed under vacuum and the obtained crude prodast purified by flash column
chromatography (silica gel, petroleumether 40-60CH,Cl, ¥4 1/1 v/v) to give3 (1.7 g,
68 %) as a white solidH NMR (400 MHz, CDCJ): & 8.67 (s, 2H, carbazolyl), 7.90 (d,
2H, J = 8 Hz, carbazolyl), 7.39 (d, 2H,= 8 Hz, carbazolyl), 4.30 (t, 2H,= 2 Hz, -
NCHy-), 1.88-1.83 (m, 2H, -NCHCH,-), 1.41-1.37 (m, 32H), 0.89-0.85 (m, 3HC{*H}
NMR (100 MHz, CDC)): 6 142.7, 132.1, 128.0, 122.8, 108.1, 83.5, 43.07,329.1,
28.9, 27.2, 26.3, 25.4, 24.9, 22.6, 21.0, 14.2.
9-(2-(2-(2-methoxyethoxy)ethoxy)ethyl)-3,6-bis(4,8,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9H-carbazole(5): A solution ofn-BuLi (1.6 M in hexanes, 2.5 mL,
4.04 mmol) was added dropwise to a solutiod 615 mg, 1.3mmol) in THF(10 mL)
kept at -78 °C. The obtained reaction mixture wig®rously stirred for 1 h at -78 °C
before the addition of 2-isopropoxy-4,4,5,5-tetrémge[1,3,2]-dioxaborolane (787 mg,
4.17 mmol) in one portion. The resulting solutiomsnsthen allowed to reach room
temperature and to react 24 h. After removing theesit under vacuum, Gi&l, (50 mL)
was added and the obtained solution was washedwetér (3 x 50 mL) and dried over
NaSO,. The solvent was removed under vacuum and thenalotacrude product was
purified by flash column chromatography (silica 8120 mesh, petroleum ether 40 -
60 °C /CHCI,1/1 v/v) to give5 (442 mg, 60%) as a white semisalid. NMR (400 MHz,
CDCls): 6 8.64 (s, 2H, carbazolyl), 7.89 (d, 2H= 8 Hz, carbazolyl), 7.45 (d, 2H4,= 8
Hz, carbazolyl), 4.51 (t, 2H] = 2 Hz, -NCH-), 3.87 (t, 2H,J = 2 Hz, -NCHCH,0-),
3.50-3.33 (m, 8H), 3.33 (s, 3H, -OQH1.39 (s, 24H, tetra-methyldioxaboralane proton).
13C{H} NMR (100 MHz, CDC}): & 142.8, 140.6, 132.2, 127.8, 125.7, 122.8, 120.3,
119.5, 108.7, 83.5, 71.8, 70.9, 70.5, 70.1, 69.28,543.6 (-OCH), 24.9 (tetra-
methyldioxaboralane carbon).

Synthesis of 7:A mixture of 4-cyano-benzaldehyde (315 mg, 2.4 m)mbénzo[1,2-
b:4,3-b'ldithiophene-4,5-quinone (484 mg, 2.2 mmabnmonium acetate (5.5 g, 72.6
mmol) and acetic acid (20 mL) was heated to 100c0tGvernight. The green solution
was cooled to room temperature, and 15 mL wateradaed to stir for 15 min at room
temperature. The solution was filtered in a Buchiuemel. The product was washed

thoroughly in water and hexane, dried and takdhemext step.
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General synthesis of 8 and 9:To an oven dried Schlenk, previously prepared
compounds ) (265 mg, 0.8 mmol) in DMF (30 ml) was taken,GO; (300 mg, 2.1
mmol) was added and heated to 95 °C for 3 h anddbeled to room temperature. To it
1-iodoheptane (203 mg, 0.9 mmol) or 1l-bromo-2-r@&hoxyethoxy)ethoxy)ethane
(204 mg, 0.9 mmol) were added slowly. Reaction mrxtwas heated to 95 °C for
overnight. After cooling to room temperature thaateon mixture was poured in 20 mL
water. Organic phase was extracted by ethyl acetateepeated washing in water and
dried over anhydrous MgSOThe solvent was removed under rotary evaporattonde
product was purified by silica gel column chromatguhy (Ethyl acetate:Hexane =
10:90) to give solid produc8/(9) (50-60% vyield).

Compound & *H NMR (400 MHz, CDGJ): & 8.03-7.87 (m, 2H, thienyl), 7.86-7.77 (m,
2H, thienyl), 7.65 (d, 2H] = 4 Hz, benzyl), 7.57 (d, 2H,= 4 Hz, benzyl ), 4.60 (t, 2H,

= 2 Hz, -NCH-), 1.94-1.93 (m, 2H), 1.28-1.21 (m, 8H), 0.86-0.88, 3H, -CH).
13C{*H} NMR (100 MHz, CDC}): & 149.4, 133.1, 132.5, 132.1, 130.1, 127.9, 124.6,
123.9, 122.5, 120.8, 118.3, 113.3 (-CN), 46.7 (atlarbon attached to N), 31.6, 31.4,
28.6, 26.4, 22.5, 14.0_(-GH HRMS-ESI (m/z): GsH23NsS, calculated value 430.1367
(M+H)*, found 430.1414 (M+H) FTIR (KBr, cm'): 2958, 2855%¢.4 stretching), 2226
((We=n stretching), 1609, 145¥ -y imidazole stretching), 126Z{.n stretching).
Compound 2 *H NMR (400 MHz, CDCJ): 8 8.16 (m, 2H, thienyl), 7.84 (m, 4H, -Ph),
7.55 (m, 2H, thienyl), 4.73 (t, 2H,= 2 Hz, -NCH-), 4.05 (t, 2H,) = 2 Hz, -NCHCH,O-

), 3.51-3.38 (m, 8H), 3.31 (s, 3H, -OgQHC{*H} NMR (100 MHz, CDC}): & 150.9,
136.0, 135.1, 132.5, 131.1, 129.6, 127.8, 124.8,71222.7, 118.7, 113.2 (-CN), 72.0,
71.0, 70.7, 70.6, 70.1, 59.1, 46.6 (-OLHHRMS-ESI (m/z): GsH23N20sS, 478.1241
(M+H)*, found 478.1232 (M+H) FTIR (KBr, cm'): 2910, 2811 %c.4 Stretching), 2221
((We=n stretching), 1609, 14271 £~y imidazole stretching), 124&{.n stretching).

General synthesis of 10 and 11Solution of8 (812 mg, 1.7 mmolY (730 mg, 1.7 mmol)
in THF (10 mL) was taken in 100 mL oven dried SokI&B flask. N-bromosuccinamide
(676 mg, 3.8 mmol) was added portion wise in 10 miarvals with continuous stirring
at room temperature. Completion of the reaction vmagnitored by TLC. After

completion of the reaction the solvent was thenawsd by evaporation under reduced
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pressure and the crude product was purified bgasgel column chromatography (hexane
as eluent) to give a brown solid b#11 (85-90% vyield).

Compound 10 *H NMR (400 MHz, CDCY): § 7.90 (d, 2H,J = 8 Hz, -Ph), 7.85 (d, 2H,

= 8 Hz, -Ph), 7.74 (s, 1H, thienyl), 7.67 (s, 1kighyl), 4.41 (t, 2H,] = 2 Hz, -NCH-),
1.92-1.84 (m, 2H), 1.26-1.22 (m, 8H), 0.87-0.84 @hl, -CH). *C{*H} NMR (100
MHz, DMSO-&): 6 151.0, 134.5, 133.2, 131.6, 130.7, 129.6, 12£%,11, 127.0, 118.8 (-
CN), 112.8 (carbazolyl carbon attached to bromith&p.2 (carbazolyl carbon attached to
bromine), 31.8 (alkyl carbon attached to N), 3@28,1, 25.9, 24.2, 22.3, 14.2 (-gH
MALDI-TOF (m/z): CasH21BraNsS,, calculated value 588.392 (M¥ound 588.581 (M)
FTIR (KBr, cm?): 2961,2851 .4 stretching), 2223 {i—n stretching), 1605, 1465 -y
imidazole stretching).

Compound 11 *H NMR (400 MHz, CDCJ): 6 8.12 (d, 2H,) = 8 Hz, -Ph), 7.84 (d, 2H,

= 8 Hz, -Ph), 7.74 (s, 1H, thienyl), 7.67 (s, 1kighyl), 4.62 (t, 2H,] = 2 Hz, -NCH-),
4.01 (t,J = 2 Hz, -NCHCH,0-), 3.51-3.40 (m, 8H), 3.32 (s, 3H, -OgH">C{*H} NMR
(100 MHz, DMSO-d@): 6 151.7, 148.6, 134.3, 133.8, 132.9, 131.5, 137,22, 127.0,
126.8, 122.2 (-CN), 112.6 (carbazolyl carbon attalcho bromine), 112.2 (carbazolyl
carbon attached to bromine), 71.8 (alkyl carboachtd to N), 70.4, 70.0, 69.9, 69.3,
58.3, 43.4 (-OChH). MALDI-TOF (m/z): GsH21BroN3O3S,, calculated value 635.390
(M)*, found 635.785 (M) FTIR (KBr, cm®): 2925, 2871 fc.4 stretching), 2229 {ie—n
stretching), 1608, 1474/¢-n imidazole stretching), 1094, 1058, 104k { stretching),
800 c.s stretching).

Synthesis of M1:Compoundl4 (200 mg, 0.52 mmol) an@ (152 mg, 0.26 mmol) were
dissolved in 7 mL of distilled THF in a 100 mL Sehk flask under argon atmosphere.
The reaction flask was degassed three timesrégze-pump-thawtechnique. In an
another 100 mL Schlenk flaskp,®0O3(0.74 g, 5.35 mmol) was dissolved in 4 mL of mili-
Q water and degassed by purging Ar through a nitlmi@bout 45 min. After that, the
K2,COs; solution was transferred to the reaction mixtureodlgh a cannula. Next,
Pd(PPB)4 (18 mg, 0.015 mmol, 3 mol %) was added to it arel raction mixture was
heated to 65 °C for 36 h. The colour of the reactioned to dark green during the course
of the reaction. After cooling to room temperatutiee solvent was concentrated to

minimum volume and extracted with ethyl acetatex (30 ml) and dried over anhydrous
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MgSQu. The solvent was removed under diminished pressudehe residue was purified
by column chromatography eluting with hexane:ettglater to afford brown solid with
58 % vyield (280 mg)'H NMR (600 MHz, CDCJ): & 8.48-8.40 (m, 2H, carbazolyl), 8.20-
8.16 (m, 2H, carbazolyl), 7.90-7.86 (m, 10H, caddgy, 7.51-7.47 (m, 4H, -Ph), 7.44-
7.41 (m, 2H, thienyl), 4.37-4.28 (m, 6H, -NGH 1.94-1.83 (m, 6H, -NCKCH,-), 1.30-
1.26 (m, 24H, alkyl proton), 0.88-0.85 (m, 9H, -§HC{'H} NMR (150 MHz, CDC}):

6 150.0, 149.5, 149.1, 140.9, 139.5, 133.3, 13232,3, 130.0, 125.6, 125.123.4, 120.4,
118.9, 112.5, 109.1, 109.0, 108.8, 46.5, 43.2,, A5, 29.1, 29.0, 27.3, 22.6, 22.5, 22.4,
14.1, 14.0 (-CH). MALDI-TOF (m/z): GssHesNsS,, calculated value 956.471 (M¥ound
956.481 (M).UV-Vis (THF): Amax (g, M"'cmi®): 357 nm (2.03 x 10.

Synthesis of model complex M1-Hg: A clear solution oM1 (100 mg, 0.10 mmol) in 5 mL
THF was taken into a 50 ml RB flask. 2 mL solutminHg(NGs)2-3H,0 in MeOH was added.
The resulting mixture was stirred for 8 h. The bnosoloured product was precipitated, filtered
off and washed with diethyl ether three times. Bnewnish coloured NI1.Hg?*(NOs),] was
dried in vacuum (yield: 70%). MALDI-TOF (m/z):6gHssHgNsOsS,, calculated value 1219.426
for [M1-Hg(NOs)] ¥, found 1219.847'H NMR (400 MHz, DMSO-¢): & 8.65-8.51 (m, 2H,
carbazolyl), 8.30-8.22 (m, 2H, carbazolyl), 8.068 (m, 10H, carbazolyl), 7.70-7.58 (m, 4H, -
Ph), 7.50-7.43 (m, 2H, thienyl), 4.52-4.40 (m, 6NCH,-), 1.79-1.70 (m, 6H, -NCCH,-),
1.20-1.07 (m, 24H, alkyl proton), 0.80-0.75 (m, 98Hs). FTIR (KBr, cm®): 2956, 2832#c.x
stretching), 2229 ¥ = Stretching), 1608, 1470v(c=y imidazole stretching), 1219v(c.n
stretching), 773i(cs stretching).

Synthesis of P1 Compound3 (178 mg, 0.33 mmol) anfl (195 mg, 0.33 mmol) were
dissolved in 7 mL of distilled THF in a 100 mL Sehk flask under argon atmosphere.
The reaction flask was degassed three timesfrbgze-pump-thawechnique. In an
another100 mL Schlenk flask 805 (0.74 g, 5.35 mmol) was dissolved in 4 mL of mili-
Q water and degassed by purging Ar through a nitlmi@bout 30 min. After that, the
K,COs; solution was transferred to the reaction mixtuheotigh a cannula. Next,
Pd(PPB)4 (7 mg, 0.006 mmol, 2 mol%) was added to it and rimection mixture was
heated to 65 °C for 72 h. The colour of the reactizned to dark green during the course
of the reaction. After cooling to room temperatutiee solvent was concentrated to

minimum volume and polymer was precipitated toiaisg methanol solution. After the
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complete precipitation, the methanol was removed #we brown colour polymer was
washed another two times with methanol. After dyyunder vacuum, the polymer was
purified through Soxhlet extraction using distilleexanes, methanol and at last collected
in dry and distilled chloroform. The chloroform pavas evaporated to get the brown
coloured polymer. The polymer was finally purifiegt fractional precipitation in cold
distiled hexanes from a concentrated dichloromathsolution to achieve well-defined
PL1 Yield: 260 mg (71%).*H NMR (600 MHz, CDCY): § 7.84-7.77 (m, 2H, carbazolyl),
7.73-7.60 (m, 4H, carbazolyl), 7.58-7.45 (m, 2Hetlyl), 7.41-7.29 (m, 4H, -Ph), 4.44-
4.15 (m, 4H, -NCH), 1.89-1.73 (m, 4H, -NC)CH,-), 1.30-1.26 (m, 16H, alkyl proton),
0.91-0.87 (m, 6H, -Ch). **C{*H} NMR (100 MHz, CDC}): & 134.7, 134.3, 132.4, 131.3,
130.5, 129.9, 127.1, 125.6, 125.1, 124.1, 123.31.7,2120.5, 119.2, 118., 118.0,
113.3,112.4, 109.0 46.5 (-NGH, 43.2 (-NCH-), 31.7, 31.5, 1.3, 29.0, 28.5, 27.2, 26.,
22.6, 22.5, 22.4, 14.0, 13.9 (-@HFTIR (KBr, cm'): 2950, 2854 %c.y stretching), 2228
((We=N stretching), 1605, 1468/€-n imidazole stretching), 1235¢.n stretching), 800
(Ve.s stretching). UV-Vis (THF)Amax (e, M*em®): 361 nm (2.09 x 1. GPC: M, = 22.4
kDa, M, = 16.5 kDa, PDI = 1.36,4= 356°C.

Synthesis of P2 Compounds (160 mg, 0.28 mmol) antil (179 gm, 0.28 mmol) were
dissolved in 7 mL of distilled THF in a 100 mL Sehk flask under argon atmosphere.
The reaction flask was degassed three timedsrbgze-pump-thawechnique. In an
another 100 mL Schlenk flask,®0;(0.74 g, 5.35 mmol) was dissolved in 4 mL of mili-
Q water and degassed by purging Ar through a nitlmleabout 30 min. After that, the
K2COs; solution was transferred to the reaction mixtureodlgh a cannula. Next,
Pd(PPh)4 (8 mg, 0.005 mmol, 2 mol %) was added to it and rdection mixture was
heated to 65 °C for 72 h. The colour of the reactizned to dark green during the course
of the reaction. After cooling to room temperatutiee solvent was concentrated to
minimum volume and polymer was precipitated to iarisg methanol solution. The
polymerP2 was further purified following the procedure debed forP1.Yield: 280 mg
(65%)."H NMR (600 MHz, CDCJ): & 8.14-8.08 (m, 2H, carbazolyl), 7.84-7.81 (m, 4H,
carbazolyl), 7.80-7.745 (m, 2H, thienyl), 7.69-7.48, 4H, -Ph), 4.61-4.56 (m, 4H, -
NCH,-), 3.98-3.96 (m, 4H, -CD-), 3.56-3.40 (m, 16H,), 3.33-3.30 (m, 6H, -OfLH
13¢{*H} NMR (100 MHz, CDC}): & 151.3, 151.0, 141.0, 134.9, 134.6, 132.3, 130.8,
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126.9, 125.6, 125.0, 123.9, 122.9, 121.8, 118.3,4,112.3, 109.0, 108.6, 71.8(-N&H
70.5, 70.4, 69.8, 69.3, 58.9, 46.3 (JHTIR (KBr, cmi'): 2960, 2842 .y stretching),
2229 @c=n stretching), 1608, 1475-n imidazole stretching), 1260/{.n stretching).
UV-Vis (THF): Amax (€, M*em™®): 356 nm (2.02 x 1. GPC: M, = 18.7 kDa, M = 14.3
kDa, PDI = 1.31, = 305 °C.
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Highlights

* Synthesis and characterization of well-defined highly soluble r-conjugated
poly(benzodithieno-imidazol e-alt-carbazol e) n-conjugated fluorescent polymers.

* Highly selective and sensitive turn-off fluorescent probe for selective detection of heavy
toxic Hg?" in ppb level asaresult of molecular wire effect.

« Reversible and reusable on-site detection kit for Hg?".



