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The π-conjugated polymers appended with binding sites, is of considerable interest as evolving new class of heavy and 

toxic metal-ion sensors through fluorescence quenching. In this study we describe the synthesis and characterization of p-

bromophenyl substituted benzodithieno-imidazole based soluble and rigid π-conjugated polymer with N and S donors 

exhibiting outstanding sensitivity towards Cu2+ by emission quenching through photoinduced electron transfer (PET). The 

detailed photophysical and ion sensing studies have been demosntrated to understand the insight of polymer-metal ion 

interaction which is responsible for selective fluorescence quenching. The corresponding polymer is also explored as thin-

film polymeric sensor towards Cu2+as monitored by photoluminescence study. 

Introduction 

 

The development of highly sensitive and selective 

chemosensory materials for the detection of metal ions in 

environmental or biological systems has gained remarkable 

interest in the recent years.1 Since heavy metal ions are 

significant pollutants and many of them are essential trace 

elements in biological systems, various fluorescent sensors of 

heavy metal ions have been developed for selective 

detection.2 For the detection of transition metal ions, binding 

sites are generated through the modification of the 

coordination sites through judicious design and synthesis.3 

 Copper is the third most abundant transition metal ions 

found in all living organisms and is an essential trace element 

in redox chemistry. Several enzymes and proteins involved in 

metabolism, respiration, and DNA synthesis, such as 

cytochrome oxidase, superoxide dismutase, ascorbate oxidase, 

and tyrosinase go through the copper cycle. The imbalance of 

copper in living body results various diseases such as Wilson 

disease (WD),4 Alzheimer’s disease,5 Haematological 

manifestation and Menkes disease (MD).6 Therefore a reliable 

easy method for the detection of trace amount of copper ion 

in biological and environmental samples is essential.  

 Many advanced methods such as spectrophotometry, 

atomic absorption spectroscopy, inductively coupled plasma 

mass spectroscopy, conductometric detection have been 

developed for qualitative and quantitative detection of Cu2+ 

ion.7 Among them, due to the excellent sensitivity as well as 

selectivity, non-destructiveness, and economic nature, the 

fluorescence technique is the mostly used and rapidly 

expanding method in the field of the chemical sensing.8 This 

process offers highly sensitive optical transduction method for 

analyte-binding events, which are based upon changes in 

intensity, energy transfer, wavelength shift (excitation and 

emission), optical changes and lifetime. The intramolecular 

charge transfer (ICT) and photo-induced electron transfer 

(PET) fluorescence mechanisms have been exploited to 

demonstrate the turn-on or turn-off fluorescence response 

during the sensing event by fluorescence sensors. In recent 

years many probes such as cyclen, imidazoquinoxaline, 

imidazopyrene, imidazophenazine, rhodamine, calixarene, 

bis(N-methylndolyl)methane, triazole based dansyl, 

dipicolylamine, 2,2’-dipicolylamine,N,N,N’,N’-tetrakis(2-

pyridylmethyl)ethylenediamine based fluorescence sensors for 

heavy metal ions such as Zn2+, Pb2+, Hg2+, Cd2+, and Cu2+ are 

successfully designed and developed with small molecule 

fluorophores as well as polymer probes by various groups.9 

 The field of π-conjugated polymer-based metal ion sensor 

is of considerable interest and is rapidly developing research 

interest with well defined systems via fluorescence quenching 

mechanism. Thus the desired polymer regime can be 

integrated with the incorporation of main-chain or side-chain 

with strong binding sites. The delocalized π-electronic 

conjugated polymer exhibits a prominent candidate for 

sensitivity enhancement in fluorescence quenching process 

due to the fast and facile energy migration along the π-

conjugated chain, resulting in optical signals for transduction 

of chemical or biological events as demonstrated by various 

groups.10 In spite of wide research in this field, it remain 

largely unknown, how the structural modification on the 

coordination site and the substituent helps the sensing 

efficacy. We are interested in investigating the structural 

modification of the fluorophores through the rational design of 
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molecular architectures searching for an efficient polymer 

probe for metal ions. In this work, we report benzothieno-

imidazole based π-conjugated luminescent polymeric probes 

having nitrogen and sulphur donor acting as chelating sites for 

selective sensing of metal ions. Lin and co-workers first 

showed that the benzothieno-imidazole moiety can be used as 

a good sensory probe for toxic heavy metal cations.11 

Furthermore the presence of both hard “N” and soft “S” 

donors could be an efficient fluorescent sensor for selective 

transition metal cations having border line acidic nature such 

as Cu2+.  The corresponding polymer is also investigated for 

sensory applications towards Cu2+ as thin film polymeric sensor 

as monitored by photoluminescence (PL) study. 

Results and Discussion 

Synthesis and Characterization 

A good chelating or a binding site is necessary to improve the 
binding constant and as well as enhancing the fluorescence 
response.12 For this reason the benzodithieno-imidazole based 
ligand containing the two donor hetero atoms, nitrogen and 
sulphur, first introduced by Lin and co-workers11 have been 
explored in this work.  The key precursor of this work, 3,3’-
bithiophene (1) was synthesized from 3-bromothiophene by 
treating with n-BuLi at -78oC followed by anhydrous CuCl2 at -
50oC in diethyl ether, through Gilman coupling. The resulting 
white solid was purified through column chromatography 
using hexane as eluent to get 1 in 76% yield. The 1H NMR 
shows two multiplets, one at 7.37-7.38 ppm for the two 
protons adjacent to sulphur (5 and 5′-position) atom and 

another multiplet at 7.36-7.33 ppm for the remaining four 
thienyl protons. Acylation of 1 by oxalyl chloride in 1,2-DCE at 
95oC yielded 2 as shiny reddish solid with 64% yield. In 1H NMR 
the signal at 7.83 ppm signifies two more deshielded protons 
adjacent to sulphur atom, and the resonance at 7.29 ppm is 
attributed to the other two less deshielded protons. 
Compound 2 was coupled with 4-substituted benzaldehydes 
(4-methyl benzaldehyde and 4-bromo benzaldehyde) as shown 
in Scheme 1, in the presence of ammonium acetate in acetic 

acid medium to get the compound 3a and 3b respectively as 
greenish solid. As these compounds are insoluble in common 
organic solvent, alkylation is necessary to improve the 
solubility. For this N-alkylation was performed by treating with 
potassium carbonate and n-iodoheptane. The compound was 
purified through column chromatography using EtOAc-Hexane 
(4:1) as eluent to obtain the analytically pure yellow solid of 4a 
(p-tolylbenzodithieno-imidazole) and 4b (p-
bromophenylbenzodithieno-imidazole) in 55% and 53% yield 
respectively. The formation of 4a was confirmed by 1H NMR 
spectrum in CDCl3, showing two doublets at 7.67 ppm and 7.36 
ppm corresponding to four thiophene protons. The two 
benzene protons (ortho to Me) resonate as triplet centred at 
7.52 ppm whether other two protons resonate as doublet of 
doublets at 7.80 and 7.87 ppm. The methyl protons appear at 
2.46 ppm as singlet. The characteristics peak at 4.51 ppm 
represents the two methylene protons attached to N atom. 
For 4b signals at 7.83 ppm and 7.60 ppm signify the four 
thiophene proton, whereas four benzene protons resonate at 
7.73 ppm as multiplet and at 7.51 ppm as doublet. HRMS (ESI+) 
study also confirms the formation of product 4a and 4b by 
showing the molecular ion peak at 419.1599 ([M+H]+)and 
483.3438 ([M+H]+) respectively. For 4b the yellow needle-like 
single crystals suitable for X-ray crystallography were 
harvested by layering THF solution of 4b on water. The 4b 

crystallizes in triclinic system with space group P1 ̅. The crystal 

structure of 4b consists of two independent molecules in an 
asymmetric unit with negligible differences in metrical 
parameters. The molecular structure (ORTEP representation) 
of one of the molecule in the asymmetric unit is shown in Fig. 
1. The X-ray study reveals the planar conformation of the 
benzodithieneo-imodazole core confirming higher degree of π-
electron delocalization which is also reflected in the 
photophysical properties of the 4b and the corresponding π-
conjugated rigid polymer, P2 (vide infra). The phenyl and the 
benzodithieno-imidazole rings are nearly orthogonal to each 
other as manifested by the torsion angle (C5-C4-C7-N1) of 
83.8°. 

b 

 

Scheme 1 Synthetic route for 4a and 4b (yield in parenthesis). 

 
 

 
Fig. 1 a) ORTEP representation 4b with atoms labelled. The 
thermal ellipsoids are drawn at 40% of probability. b) Side view as 
stick model. Hydrogen atoms have been omitted for sake of 
clarity.  
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 To access the corresponding polymers of 4a and 4b 

through step growth polymerization, the respective monomers 
5a and 5b were prepared through bromination using N-
bromosuccinamide (NBS) in 80-85% yield.11a However Grignard 
Reagent Metathesis (GRIM)13 was unsuccessful in the presence 
of Ni(dppp)Cl2 (dppp = 1,3-bis(diphenylphosphino)propane) in  
combination with the various Grignard reagents such as t-
BuMgCl, i-PrMgBr, cyclohexylMgBr and turbo Grignard ( i-

PrMgCl.LiCl ) reagents in various reaction condition (see Table  
S2†). Stille polymerization protocol of 5a and 5b was followed 
to obtain the corresponding π-conjugated polymers as shown 
in Scheme 2. Addition of n-butyllithium followed by 
tributyltinchloride at -78oC to 5a and 5b afforded the 
respective bis(tributylstannyl) derivatives 6a and 6b, which 
were used directly for Stille polymerization.14 Polymerization 
was performed with 5a and 6a in the presence of Pd(PPh3)4 
catalyst through Stille polymerization protocol15 to get P1 

(Scheme 2). In a similar strategy P2 was also synthesized. The 
polymers were isolated through precipitation in methanol. The 
polymer was further purified through Soxhlet extractor by 
using hexane, then MeOH, and finally the polymer was 
extracted with DCM. Then DCM solution was concentrated and 
precipitated in stirring distilled hexane. The precipitate was 
washed four times with hexane to get the desired brownish 
colored polymer. The polymerization condition and 
characterization data are shown in Table 1. The polymers were 
found to be readily soluble in common organic solvents and 
exhibit a strong cyan fluorescence. The luminescent π-
conjugated polymers were characterized by various 
spectroscopic tools. The disappearance of the alkyl protons of  
‘SnBu3’ in 1H NMR and disappearance of the signal at 112.2 
and 111.5 ppm in 13C NMR corresponding to thienyl carbons 
attached to ‘Br’ reveal polymerization of 5b and 6b. The 
formation of the polymer was further confirmed by 
Tetradetector Gel Permeation Charomatography (GPC) as 
shown in Fig. 2. The molecular weight distribution with PDI of 

1.81 and 1.67 was observed for P1 and P2 respectively 
indicating the step-growth polymerization of the 
corresponding monomers. 
 

Photophysical studies 

The absorption studies of 4a and 4b in DMSO show two 

absorption maxima, one at high energy centred at 270 nm and 

the second one with low energy in the range of 320-350 nm. 

The low energy absorption bands (333 nm for 4a and 340 nm 

for 4b) are assigned to π-π* transition involving the molecular 

orbital of benzodithieno and imidazole moeity. The florescence 

response of the fluorophore 4a and 4b was explored in DMSO 

(Fig. S36†) exhibiting strong blue fluorescence centred at 407 

(λexct = 333 nm) and 422 nm (λexct = 340 nm) respectively. The 

low energy absorption for both the polymers are red shifted by 

55-60 nm compared to that of the corresponding monomers, 

 

 
Scheme 2 Synthetic route for the polymers P1 and P2 from 4a 
and 4b respectively. 

 

 
 
Fig. 2 GPC trace (Refractive Index and UV responses) of P2 using 
THF as eluent. PDI (Mw/Mn) of P2 was found to be 1.67. 

 

Table 1 Characterization of the polymers synthesized through 
Stille polymerization.a 

Polymer Yield Mn, Da PDI (Mw/Mn) 
P1 65% 14,799 1.81 
P2 68% 15,519 1.67 

aStille polymerization of 5a and 5b in THF was carried 
out at 65oC for 72 h using Pd(PPh3)4 as catalyst (5 mol%). 

 

 
 

Fig. 3 Emission spectra of 4b and P2 ( ̴2 x 10-5 M) in DMSO:H2O (1:1), 
excited at 340 and 400 nm respectively.

 
Inset: Visible color changes 

of 4b (left) and P2 (right) under UV illumination at 365 nm. 
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suggesting extensive π-delocalization through the polymer 

backbone (Fig. S51†). The florescence response of P1 and P2 

was investigated (in DMSO:H2O) showing cyan emission 

centred at 460 nm and 468 nm respectively which were again 

40-60 nm red shifted from the blue emissive 4a and 4b as 

shown in Fig. 3. The quantum yield (фf) of emission of 4a, 4b 

and the corresponding polymers P1 and P2 in DMSO:H2O (1:1) 

was 0.19, 0.09, 0.21 and 0.23 respectively (Table 2) with 

reference to quinine sulphate in 0.1 M H2SO4 solution which 

was calculated according the literature procedure as described 

in ESI†. 

 

Metal ion sensing properties: 

Before studying metal ion complexation of polymers for 

demonstrating sensory property towards transition metal 

cations, we investigated the metal coordination with the 

corresponding monomers searching for an efficient and 

selective sensor for Cu2+. After the complete characterization 

sensing ability of 4a and 4b fluorophores were verified with 

different metal cations. Thus the absorbance and fluorescence 

response of 4a and 4b for different metal ions such as Co2+, 

Cu2+, Ni2+, Zn2+, Cd2+, Pb2+, Cr3+, Fe3+, Hg2+, Ba2+ and Sr2+ were 

investigated in DMSO:H2O to examine the selective response 

to Cu2+. The fluorophore and the metal ions were dissolved in 

DMSO and water respectively. The solution of these metal 

cations were prepared in water in  ̴1 x 10-5 M concentration 

and were added to the stock solution of 4a and 4b which was 

also prepared in  ̴1 x 10-5 M concentration in DMSO by 

maintaining the 1:1 metal ligand ratio. The fluorophore 4a 

with the electron donating ‘Me’ substituted congener does not 

show any significant change in absorption or in PL intensity 

upon addition of different metal cations (Fig. S37† and S38†). 

Interestingly 4b with electron withdrawing ‘Br’ substituent 

shows a significant photophysical change upon addition of Cu2+  

ion indicating the preferential selectivity towards Cu2+ among 

various competing metal cations. Considering the absorption 

spectrum of 4b as shown in Fig. S39†, the absorption maxima 

of the free ligand was observed at 270 nm and 340 nm. The 

absorption was due to the π-π* transition involving the 

imidazole and dithieno moiety. On addition of different metal 

ions the absorption maxima blue shifted by ca. 10 nm 

compared to the absorption of the free ligand. Surprisingly 

after addition of Cu2+ the absorption maximum at 340 nm 

(corresponding transition) to π to π* was diminished and a new 

absorption maximum at 286 nm appeared, indicating the 

coordination of Cu2+ to the binding sites of 4b. The absorption 

study clearly shows that the fluorophore 4b can selectively 

bind to Cu2+, which is further demonstrated by fluorescence 

quenching after coordination to paramagnetic Cu2+ selectively 

as demonstrated in Fig. 4. 

 

 To study the sensing in more depth and to ensure the 

phenomenon, a titration of ligand 4b with Cu2+ solution was 

performed with increasing concentrations of Cu2+ and the UV-

Vis absorption (Fig. S43†) as well as emission (Fig. S44†) 

spectral responses were recorded. The absorption maxima at 

340 nm corresponding to the free ligand decreases upon 

increasing the concentration of Cu2+, probably due to the 

gradual diminishing of the π-π* transition from imidazole to 

benzodithieno as a result of the  adduct formation with Cu2+. 

The isosbestic point at 327 nm revealed the existence of a 

single equilibrium between the free ligand and the Cu2+ bound 

ligand. The emission spectrum shows a gradual quenching 

upon increasing the Cu2+ concentration and at higher 

concentration (2 x 10-4 M) of Cu2+ the fluorescence completely 

quenched. Saturation of PL intensity was observed on addition 

of 0.6 eqv of Cu2+ suggesting 2:1 (4b.Cu2+) stoichiometry. This 

was further confirmed by continuous variation method (Job’s 

plot) as depicted in Fig. 5. The intensity at 422 nm was plotted 

Table 2 Absorption and fluorescence properties of 4a, 4b, P1 and P2 
in DMSO:H2O (1:1). 

Fluorophore Absorbance Luminescence 
λmax 

(nm) 
ε (L.mol-
1.cm-1) × 102 

λexct 

(nm) 
λem 

(nm) 
Фf

* 

4a 308, 333  198, 71 333 407 0.19 

4b 270, 340 196, 78 340 422 0.09 

P1 279, 395 273, 226 395 460 0.21 

P2 279, 400 298, 185 400 468 0.23 

*Quinine sulphate in 0.1 M H2SO4 was used as reference for quantum 

yield calculation with Фf = 0.57. 

 

 

 
Fig. 4 Emission spectra of 4b ( ̴ 2 x 10-5 M) in presence of different 
metal ion in DMSO:H2O (1:1).  

 

 

 
 

Fig. 5 Job’s plot showing 2:1 binding stoichiomtery between 4b and 
Cu2+ in DMSO:H2O, Plot recorded from a)absorbance titration, b) 

emission titration.
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against the mole fraction of Cu2+ at a constant total 

concentration ([Cu2+].4b) of 20 mM and spectra were acquired 

in DMSO:H2O(1:1). The association constant of Cu2+ with 4b 

was found to be 5.2(±0.2) × 104  indicating thermodynamically 

stable binding between the border line  Cu2+ and the 4b ligand 

containing N, S donors, which can be studied by Stern-

Volmer10a,16 equation (F0/F = (1+ KSV[Q])) (Fig. S45†). The 

4b.Cu2+ metal complex was isolated by reacting 4b and 

Cu(NO3)2 in THF-methanol mixture. The MALDI-TOF study 

confirms 2:1 4b.Cu2+ complex by showing molecular ion peak 

at 1029.700 as observed by photophysical studies. The isotopic 

mass distribution of the complex (4b.Cu2+) with the proposed 

structure of the metal complex is shown in Fig. 6. 

 One of the most important criteria for a selective cation 

probe is the ability to sense of a particular cation in presence 

of other competitive and similar cations. To show the 

selectivity towards Cu2+, florescence intensity measurement of 

P2 was carried out in the presence of Cu2+ ions mixed with 

other metal cations such as Co2+, Ni2+, Zn2+, Cd2+, Pb2+, Cr3+, 

Fe3+, Hg2+, Ba2+ and Sr2+. It was observed having excellent 

selectivity towards Cu2+ without showing any interference in 

the vicinity of other metal cations as shown in Fig. 7. 

 After the successful sensing study of 4b towards the Cu2+ 

selectively, we were encouraged to explore the corresponding 

π-conjugated polymer as probe for Cu2+ aiming for thin film 

metal ion sensing. The polymer P2 also shows selective sensing 

towards Cu2+ as observed for the monomer as monitored by 

quenching in emission in the presence of Cu2+. The selectivity 

towards the Cu2+ in presence of other ions (Fig. 8) of the 

polymer was performed, which again shows the polymer can 

be used as a selective Cu2+ sensor. The visually noticeable 

fluorescence quenching in naked eye (under UV illumination at 

365 nm) makes P2 an efficient sensor for Cu2+ as demonstrated 

in Fig. 9. The absorption and fluorescence titration by varying 

the amount of Cu2+ was also performed showing significant 

change in photophysical properties. The solution of these 

metal salts were prepared in DMSO:H2O (1:1) in  ̴2 x 10-5 M 

concentration and were added to the stock solution of 

polymer P2. The similar protocol for the absorption and 

emission titration was followed as performed for the case of 

4b. From the titration profile it is obvious that the absorption 

maxima at 400 nm (Fig. 10) of polymer decreases while λmax at 

279 nm increases with increasing the concentration of Cu2+ 

accompanied by an isosbestic point at 348 nm suggesting a 

single equilibrium between the free polymer and Cu2+-

coordinated metallopolymer. Gradual quenching in emission 

with increasing the concentration of Cu2+ (Fig. 11) was 

observed as expected. However the complete quenching of 

fluorescence of the polymer backbone was not observed by 

the ligand-metal ion interaction unlike the monomer where 

complete quenching of fluorescence was observed, 

presumably due to the unavailability of all the coordination 

sites to metal ions in the polymer backbone.12a,17 It is 

noteworthy to mention that the limit of detection of P2 and 4b 

for Cu2+ (5.29 x 10-7 M-1 and 6.53 x 10-7 M-1 respectively) is 

sufficiently below than the limit of copper in drinking water 

(20 μM) as calculated from the concentration dependent 

 

 
Fig. 6 a) Simulated and b) Experimental isotopic distribution of 
(4b)2.Cu2+, with the proposed schematic representation of the binding 
sites where Cu2+ metal ion are bound to the 4b.

 

 
Fig. 7 Metal specificity of 4b in DMSO:H2O with a mixture of Cu2+ and 
other metal ions ( ̴2 x 10-5 M). 1-12 represent (1) free 4b; (2) 4b + Ba2+; 
(3) 4b + Sr2+; (4) 4b + Cd2+; (5) 4b + Co2+; (6) 4b + Fe3+; (7) 4b + Zn2+; (8) 
4b + Cr3+; (9) 4b + Ni2+; (10) 4b + Pb2+; (11) 4b + Hg2+; (12) 4b + all

 

 
Fig. 8 a) Absorbance spectra of P2 ( ̴2 x 10-5 M) in presence of different 
metal ion in DMSO:H2O (1:1). (b) Emission spectra of P2 ( ̴2 x 10-5 M) in 
presence of different metal ion in DMSO:H2O (1:1).

 

 
 

Fig. 9 Visual changes observed in emission of free P2 (left) and Cu2+- 
coordinated P2.Cu2+

  (right) under UV illumination at 365 nm.
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fluorescence studies shown in Fig. S52†. 

 Thus after coordination to paramagnetic Cu2+ ion, emission 

at 468 nm of P2 was quenched which was not observed in case 

of other competing metal cations. Probably the soft and hard 

binding sites associated with sulphur and nitrogen atoms can 

bind preferentially to the border line acid Cu2+. The emission 

quenching phenomena is generally observed from the three 

major mechanism of fluorescence transduction such as intra 

molecular charge transfer (ICT),18 fluorescence resonance 

energy transfer (FRET),19 and photoinduced electron transfer 

(PET).1e,20 FRET is ruled out considering the negligible overlap 

region between the absorption and emission of the 

fluorophore unit. The absence of separate interacting and 

proximal donor-acceptor pair in this system further excludes 

the possibility of FRET. ICT is also unlikely as there is no 

possibility of formation of ICT structure in this probe. The 

emission quenching of 4b and the π-conjugated polymer (P2) 

after Cu2+ coordination is mainly due to the photoinduced 

electron transfer interaction between the fluorophore unit and 

paramagnetic Cu2+ as reported in previous literature.21  In our 

case, upon binding the ligand with Cu2+ there is a large 

quenching of fluorescence intensity as reflected by the very 

low quantum yield (ф=0.002). We propose that the chelating 

site with “N” and “S” heteroatoms are responsible for binding 

with metal cations. However 4a and P1 did not show any 

change in PL intensity after addition of Cu2+ (vide supra). To 

understand the different photophysical response of 4a and 4b 

towards Cu2+ we calculated HOMO and LUMO of the 

fluorophores by electrochemical studies (ESI†). Presumably the 

dx2-y2 orbital accommodating the unpaired electron of 

paramagnetic Cu2+ (elongated octahedron) lies between the 

HOMO and LUMO of 4b. The successful recognition of Cu2+ by 

4b through the possible PET mechanism has been 

demonstrated in Fig S54a† showing favourable energy 

difference between the LUMO (of 4b) and dx2-y2 (of Cu2+) 

leading to non-radiative deactivation of the excited state 

resulting of PL quenching.21,22 The LUMO of 4a (-3.02 eV) is 

significantly lower in energy than that of 4b (-2.71 eV), and 

also presumably lower in energy than the dx2-y2 orbital. Hence 

the electron transfer is not facile from LUMO of 4a to dx2-y2 of 

Cu2+ (Fig S54b†). The proposed phenomenon was further 

 
Fig. 10 Absorbance spectra of P2 ( ̴2x 10-5) in DMSO:H2O (1:1) in the 
presence of different equivalent of Cu2+.

 

 
Fig. 11 Emission spectra of P2 ( ̴2 x 10-5 M) in presence of different 
metal ion in DMSO:H2O (1:1).  

 

Table 3 Fluorescence life time measurements of 4b and P2 upon the 
addition of Cu2+ in DMSO:H2O (1:1) 
 

            λem(nm)      ⟨τ⟩
a (ns) 

4b 400 1.88 
4b.Cu2+ 400 1.64 

P2 468 2.83b 

P2.Cu2+ 468 2.34c 
aError in experimental data ±5% 
b τ1(ns)=2.55, α1=0.67,  τ2(ns)=3.43, α2=0.33 
c τ1(ns)=2.05, α1=0.79,  τ2(ns)=3.25, α2=0.21 

 

 
Fig. 13 Cyclic voltammogram studies of (a) 4b.Cu2+and (b) P2.Cu2+ in 
DMF using 0.1 M TBAPF6 as supporting electrolyte, Pt disc working 
electrode and Ag/AgCl reference electrode. Scan rate at 100 mV/s.

 

 
Fig. 12 a) Fluorescence life time decay of 4b and 4b.Cu2+ system, (b) 
Fluorescence life time decay of P2 and P2.Cu2+ system.
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supported by the fluorescence decay study (Fig. 12) by the 

Time-Correlated Single Photon Counting (TCSPC). In the 

fluorescence lifetime decay experiment (λem = 400 nm), the life 

time of free 4b was found to be 1.88 ns whereas for 4b.Cu2 the 

life time was decreased to 1.64 ns. For 
P2 (λem = 468 nm) the 

first life time component (τ1) was 2.55 (67%) with a second 

component of 3.43 ns (33%), and an average life time (τ) of 

2.83 ns. The average fluorescence life time of the 

corresponding Cu2+-coordinated metal-containing polymer 

(P2.Cu2+) decreased to 2.34 ns (Table 3) ascribing the 

collisional fluorescence quenching phenomenon.23 

 The Cu2+ coordinated complex 4b, [Cu(4b)2](NO3)2 and the 

corresponding metallopolymer (P2.Cu2+) were also 

characterized by cyclic voltammetry study (Fig. 13). While 

recording CV at the window of +1.50 V to -1.50 V in DMF with 

scan rate of 100 mV/s two reduction peaks at -0.446 V and -

0.943 V attributing to Cu2+/Cu1+ and Cu1+/Cu0 reduction 

process were observed. The significantly intense anodic peak 

at +0.328 V is due to the deposition of Cu metal at the 

electrode surface as result Cu1+/Cu0 reduction.3h,24 Similar 

behaviour was also observed for Cu2+ coordinated 

metallopolymer where less intense anodic peak at +0.318 V 

was observed presumably due to less amount of Cu deposition 

at the electrode surface in the presence of polymers. 

 To demonstrate the practical application as on-site 

detection of Cu2+ by the polymer, we explored the detection by 

making polymeric film on quartz plate. Thin film of the 

polymer was prepared by spin coating on quartz plate, which 

was then immersed to the various concentration of Cu2+ 

aqueous solution (1mM to 1µM) followed by repetitive and 

extensive washing with Milli-Q water to remove any unbound 

free Cu2+ ion. Solid state PL study of the Cu2+-coordinated 

polymeric film was performed to demonstrate a significant 

amount of quenching of the emission centred at 525 nm (Fig. 

14). Energy Dispersive X-ray (EDX) analysis shows the presence 

of Cu confirming the formation of Cu2+-coordinated 

metallopolymer. We also performed the gradual quenching of 

the PL intensity with the increasing time of immersion of the 

polymeric film in Cu2+ solution (1µM). It was observed that 

upon instant dipping of the quartz plate in Cu2+ solution there 

is no such quenching. However if we allow for  longer time 

with 15 minutes or more in Cu2+ solution, intensity of PL 

spectra started to decrease significantly as shown in Fig. S56†, 

demonstrating that the polymer can be explored as a thin film 

sensor for Cu2+ ion detection. 

Conclusion 

In conclusion, soluble benzodithieno-imidazole based π-

conjugated rigid polymers, appended with N, S donors, were 

synthesized through Stille coupling searching for an efficient 

polymer probe for biological and environmentally relevant 

Cu2+. It is observed that the sensing ability is highly dependent 

on substituent as revealed in this study. The electron 

withdrawing ‘Br’ substituted p-bromophenylbenzodithieno-

imidazole succeeds over electron donating ‘Me’ substituted p-

tolylbenzodithieno-imidazole congener towards Cu2+ ion 

sensing. Thus the synthesized π-conjugated polymer P2 shows 

outstanding fluorescence sensor for the recognition of 

paramagnetic Cu2+ with high sensitivity and selectivity through 

fluorescence quenching via photoinduced electron transfer. Its 

fluorescence intensity decreases in a linear fashion with the 

concentration of the Cu2+, demonstrating as a potential 

candidate for selective sensing of Cu2+ in the presence of the 

different metal ions. The detailed photophysical and ion 

sensing including electrochemical studies were demonstrated 

to understand the insight of the polymer-metal ion interaction. 

Furthermore metal ion sensing ability by polymeric film of P2 is 

examined to demonstrate the practical application as on-site 

detection of Cu2+. This work reveals a novel platform for the 

further development of soluble π-conjugated fluorescent 

polymer based probes by fine tuning of the electronic factor 

for sensing environmentally relevant metal ions. 
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Experimental section 

Materials and Instrumentation 

All the air and moisture sensitive reactions and manipulations 

were carried out under an atmosphere of pre-purified N2 or Ar 

by using standard Schlenk techniques. The glassawares were 

oven-dried (at 180oC) and cooled under vacuum. 

Tetrahydrofuran and diethyl ether were dried over 

Na/benzophenone. All chemicals were purchased from Aldrich 

unless otherwise noted. Ammonium acetate and all metal salts 

 
 

Fig. 14 a) Solid state PL spectra of P2 thin film (on quartz plate) 
dipped for 15 min in different concentration of Cu2+ solution 
with. ( ̴ 1 x 10-2 M,  ̴ 1 x 10-3 M,  ̴ 1 x 10-4 M,  ̴ 1 x 10-5 M). EDX 
analysis of b) P2 polymer film coated on quartz plate c) Cu2+-
coordinated P2. Silicon is from the quartz substrate.
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were acquired from Merck. The benzaldehyde derivatives 

were purchased from Spectrochem. Silica gel (60–120 and 

100–200 mesh) used for column chromatography, was 

purchased from Merck. Pd(PPh3)4 was synthesized following 

the literature method.25
 

 1H (600 MHz, 400 MHz and 200 MHz), 13C{1H} (150 MHz, 

100 MHz and 50MHz) NMR spectra were obtained from Bruker 

Lambda spectrometer using CDCl3 unless otherwise 

mentioned. Spectra were internally referenced to residual 

solvent peaks (δ = 7.26 ppm for proton and δ = 77.23 for 

carbon (middle peak) in CDCl3). All coupling constants (J) are 

given in Hz. The HRMS was recorded in ESI+ mode (70 eV) in 

Waters mass spectrometer (Model: Xevo-G2QTOF). The 

absorption and fluorescence spectra were collected using a 

Shimadzu (Model UV-2450) spectrophotometer and a Hitachi 

(Model F-7000) spectrofluorimeter, respectively. FTIR 

spectroscopy was recorded in Spectrum-BX (Perkin Elmer). 

Solid state PL spectra were recorded in Flurolog Horiba (Model 

FL-1016, Spectracq). MALDI-TOF study was performed by using 

Bruker MALDI-TOF-TOF-UltrafleXtreme instrument. Single-

Crystal data was collected in low temperature mode using 

Bruker Apex-II instrument. Morphology and EDX analysis of 

polymer thin films were carried out by JEOL JSM5800 (Japan) 

Scanning Electron Microscope with Oxford EDS detector. 

Molecular weights and polydispersity indices (PDI = Mw/Mn) of 

polymers were obtained by Gel Permeation Chromatography 

(GPC) using a Viscotek VE 2001 Triple-Detector Gel Permeation 

Chromatograph equipped with automatic sampler, pump, 

injector, inline degasser, column oven (30°C), 

styrene/divinylbenzene columns with pore sizes of 500 Å and 

100,000 Å, VE 3580 refractometer, four-capillary differential 

viscometer and 90° angle laser and low angle laser (7°) light 

scattering detector (VE 3210 & VE270). HPLC grade THF was 

used as the chromatography eluent, at a flow rate of 1.0 

mL/min. Samples were dissolved in the eluent (1 mg/ mL) and 

filtered with a Ministart SRP 15 filter (polytetrafluoroethylene 

membrane of 0.45 μm pore size) before analysis. Calibration of 

all three detectors (refractive index, laser light scattering and 

viscometry) was performed using polystyrene standards 

(Viscotek). This equipment allows the absolute measurement 

of homopolymer molecular weights and PDIs. Cyclic 

voltammetric studies were performed on a BASi Epsilon 

electrochemical workstation in acetonitrile with 0.1 M tetra-n-

butylammoniumhexafluorophosphate (TBAPF6) as the 

supporting electrolyte at room temperature. The working 

electrode was a BASi Pt disc electrode, the reference electrode 

was Ag/AgCl and the auxiliary electrode was a Pt wire. The 

ferrocene/ferrocenium couple occurs at E1/2 = +0.51 (70) V 

versus Ag/AgCl under the same experimental conditions. 

3,3'-bithiophene: 

In a 250 mL Schlenk flask 3-Bromothiophene (5 g, 30.6 mmol) 

was dissolved in 100 mL anhydrous diethyl ether. The solution 

was cooled to -78°C. To it n-BuLi in hexane (1.6 M in hexane, 

20 ml, 33 mmol) was added dropwise for 40 min under Ar. The 

reaction was allowed to stir for 10 min at -78°C and 20 min at -

60°C. Then, CuCl2 (4.38 g, 32.5 mmol) was added in one 

portion at -60°C. The reaction was carefully maintained at -

60°C for another 1 h. Then, the reaction mixture was slowly 

warmed to room temperature and continued stirring for 

another 18 h at RT. The reaction mixture was quenched by 30 

ml water and filtered to remove inorganic impurity. The 

organic phase was collected and dried over anhydrous MgSO4. 

Solvent was removed by rotary evaporation. The crude 

product was purified by silica gel column chromatography 

using hexane as an eluent to get 1.9 g (76% yield) of 3,3’-

bithiophene as white crystalline solid. 1H NMR (200 MHz, 

CDCl3): δ (ppm) 7.37-7.38 (m, 2H), 7.33-7.36 (m, 4H). 13C{1H} 

NMR (50 MHz, CDCl3): δ (ppm) 137.4, 126.5, 126.2, 119.9. 

Benzo[1,2-b:4,3-b]dithiophene-4,5-quinone (2): 

3,3’-Bithiophene (1.5 g, 9 mmol) and 1,2-dichloroethane (DCE) 

(30 mL) were added to a 250 mL two neck round bottom flask 

under Ar. Oxalyl chloride (1.4 g, 9 mmol) was added gradually 

(over 10 min), and the reaction mixture was stirred at 90oC for 

4 days. The reaction mixture was then cooled and kept at 0oC 

for overnight. It was filtered. Product was washed thoroughly 

by hexane. After drying, the product was obtained as red solid 

(1.2 g, 64% yield). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.83 (d, 

2H, J = 4.8 Hz), 7.29 (d, 2H, J = 4.8 Hz). 13C{1H} NMR (100 MHz, 

CDCl3): δ (ppm) 174.0, 142.6, 138.6, 135.2, 125.0. FTIR (KBr, 

cm-1): 1646 (ѵC=O, s). 

General procedure for synthesis of 3a and 3b: 

A mixture of benzaldehyde (2.4 mmol), benzo[1,2-b:4,3-

b']dithiophene-4,5-quinone (2.2 mmol), ammonium acetate 

(72.6 mmol) and acetic acid (20 mL) was heated to 100°C for 

overnight. The green solution was cooled to room 

temperature, and 15 mL water was added to stir for 15 min at 

room temperature. The solution was filtered in a Buchner 

funnel. The product was washed thoroughly in water and 

hexane, dried and taken to the next step.  

General procedure for synthesis of 4a and 4b: 

To an oven dried Schlenk,  previously prepared compounds 

(3a/3b) (0.8 mmol) in DMF (30 ml) was taken, K2CO3 (2.1 

mmol) was added and heated to 95°C for 3 h and then cooled 

to room temperature. To it 1-iodoheptane (0.9 mmol) was 

added slowly. Reaction mixture was heated to 95°C for 

overnight. After cooling to room temperature the reaction 

mixture was poured in 10 mL water. Organic phase was 

extracted by ethyl acetate via repeated washing in water and 

dried over anhydrous MgSO4. The solvent was removed under 

rotary evaporation. Crude product was purified by silica gel 

column chromatography (Ethyl acetate : Hexane = 10:90) to 

give solid product (4a/4b) (50-60% yield). 

4a: Brown coloured solid product (0.28 g, 55% yield). 1H NMR 

(600 MHz, CDCl3): δ (ppm) 7.87-7.78 (dd, 2H, J=5.4 Hz), 7.67 (d, 

2H, J = 8 Hz), 7.53-7.48 (dd, 2H, 4.2 Hz), 7.36 (d, 2H, J = 8 Hz), 

4.49 (t, 2H, J = 7.8 Hz, 8 Hz), 2.46 (s, 3H), 1.95-1.85 (m, 2H), 

1.25-1.21 (m, 8H), 0.87-0.84 (m, 3H) (heptyl  proton, 13H). 
13C{1H} NMR (150 MHz, CDCl3): δ (ppm) 152.3, 139.9, 132.5, 

131.8, 129.6, 127.5, 124.3, 123.2, 122.6, 121.1, 46.5, 31.8, 

31.6, 28.8, 26.6, 22.7, 21.6, 14.2.; FTIR (KBr, cm-1): 2918 (ѵC-H, 

stretching, s), 1375 (ѵC-H, bending, s); HRMS (ESI+): C25H26N2S2, 

Calculated  [M+H]+ value (419.1537), experimental 419.1599 

[M+H]+ ion peak; λmax (ε, Lmol-1cm-1): 333 nm (1.98 × 104), 308 

nm (7.1× 103). 
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4b: Brown coloured solid product (0.2 g, 53% yield); 1H NMR 

(600 MHz, CDCl3): δ (ppm) 7.83 (d, 2H, J = 5.2 Hz), 7.73-7.69 

(m, 2H), 7.60 (d, 2H, J = 5.6 Hz), 7.51 (d, 2H, J = 5.2 Hz), 4.59 (t, 

2H, J = 6.8 Hz, J = 8 Hz), 1.92-1.84 (m, 2H), 1.27-1.18 (m, 8H), 

0.85-0.82 (m, 3H). 13C {1H} NMR (150 MHz, CDCl3): δ (ppm)  

150.8, 132.8, 132.2, 131.1, 129.5, 127.7, 124.5, 123.2, 122.6, 

121.0, 46.6, 31.7, 31.6, 28.8, 26.6, 22.7, 14.2.; FTIR (KBr, cm-1): 

2918 (ѵC-H, stretching, s), 1015 (ѵC-Br, stretching, s); HRMS: 

C24H23BrN2S2, Calculated value (483.4868), experimental 

483.3438 (M+ ion peak); λmax (ε, Lmol-1cm-1): 340 nm (1.96 × 

104), 270 nm (7.8 × 103). 

Synthesis of (4b)2.Cu2+
: A clear solution of 4b (0.2 g, 0.041 

mmol) in 5 mL THF was taken into a 50 ml RB flask. 2 mL 

solution of Cu(NO3)2.6H2O (0.08 g, 0.19 mmol) in MeOH was 

added. The resulting mixture was stirred for 8 h. The greenish-

yellow product was precipitated, filtered off and washed with 

diethyl ether three times. The brownish colored 4b.Cu2+ was 

dried in vacuum (yield:76 %). 

FTIR (KBr, cm-1): 473 (ѵCu-N w), 1458 (ѵN-O, asymmetric, b), 1261 

(ѵN-O, symmetric, b); MALDI-TOF: C48H46Br2N4S4Cu, calculated 

value (1029.520), experimental 1029.700 ([(4b)2.Cu(II)]+ 

molecular ion peak). 

General procedure for synthesis of 5a and 5b: 

Solution of 4a/4b (1.7 mmol) in THF (10 mL) was taken in 100 

mL oven dried Schlenk RB flask. N-bromosuccinamide (3.8 

mmol) was added portion wise in 10 min intervals with 

continuous stirring at room temperature. Completion of the 

reaction was monitored by TLC. After completion of the 

reaction the solvent was then removed by evaporation under 

reduced pressure and the crude product was purified by silica 

gel column chromatography (hexane as eluent) to give a 

brown solid of 5a/5b (85-90 % yield). 

5a: Yellow solid product (0.85 g, 90% yield). 1H NMR (600 MHz, 

CDCl3): δ (ppm) 7.72 (s, 1H), 7.65 (s, 1H), 7.62-7.61 (d, 2H, J = 

6.0 Hz), 7.36-7.34 (d, 2H, J = 12.0 Hz), 4.40 (t, 2H), 2.48 (s, 3H), 

1.90-1.85 (m, 2H), 1.28-1.27 (m, 8H), 0.89-0.87 (m, 3H). 13C{1H} 

NMR (150 MHz, CDCl3): δ (ppm) 152.9, 140.6, 130.7, 130.3, 

130.1, 129.5, 129.4, 127.1, 126.7, 125.6, 125.0, 112.8, 111.7, 

46.3, 31.5, 31.3, 29.7, 28.5, 26.3, 22.5, 14.0. 

5b: Brown coloured solid (1 g, 88% yield). 1H NMR (600 MHz, 

CDCl3): δ (ppm) 7.74 (s, 1H), 7.72 (d, 2H, J = 6.0 Hz), 7.67 (s, 

1H), 7.65-7.63 (d, 2H, J = 6.0 Hz), 4.39 (t, 2H), 1.90-1.85 (m, 

2H), 1.28-1.27 (m, 8H), 0.89-0.87 (m, 3H). 13C{1H} NMR (150 

MHz, CDCl3): δ (ppm) 152.0, 134.6, 132.1, 130.9, 130.2, 129.0, 

126.8, 125.5, 125.2, 125.0, 124.5, 113.0, 112.1, 46.4, 31.5, 

31.4, 28.5, 26.3, 22.5, 14.0.; FTIR (KBr, cm-1): 2918 (ѵC-H 

stretching, s), 1015 (ѵC-Br, b).; HRMS(ESI+): C24H21Br3N2S2, 

Calculated value (641.2789), found 642.8711 [M+H]+.  

Synthesis of polymers: 

Synthesis Polymer P2: 

5b (0.4 g, 0.6 mmol) was dissolved in dry THF (10 mL) and 

cooled down to -78°C. A solution of n-butyllithium in hexanes 

(1.6 molar n-BuLi in hexane, 0.82 mL, 1.32 mmol) was added 

over a 10 min period and the mixture was stirred for 2 h at -

78°C. A solution of tributyltinchloride (0.42 g, 1.3 mmol) in 

hexane (2 mL) was subsequently added, the mixture was 

allowed to warm up to room temperature and stirred for 2 h. 

The solvent was evaporated affording a yellow residue which 

was used for the next step without further purification. 

Compound 5b (0.3 g, 0.5 mmol) was added to the residue and 

dissolved in 12 mL dry THF. After that the reaction flask was 

degassed three times by freeze-pump-thaw technique. 

Pd(PPh3)4 (0.036 gm, 0.003 mmol, 5 mol%) was added to it. 

The mixture was refluxed for 72 h. The reaction mixture turned 

chocolate brown from yellow. 

  Then solvent was concentrated to minimum volume (2 mL) 

and polymer was precipitated to a stirring hexane. After the 

complete precipitation hexane was decanted and the polymer 

was washed another two times with hexane. The polymer was 

further purified through Soxhlet extraction using hexane, 

methanol and at last collected in DCM. The DCM part was 

evaporated to afford the brown colour polymer (0.3 g, 68% 

yield). 1H NMR (600 MHz, CDCl3): δ (ppm) 7.87-7.61 (m), 4.46-

4.34 (m, 2H), 1.92-1.84 (m, 2H), 1.27-1.18 (m, 8H), 0.85-0.82 

(m, 3H). 13C{1H} NMR (150 MHz, CDCl3): δ (ppm)  152.3, 139.8, 

132.2, 132.0, 131.4, 130.2, 127.7, 124.5, 123.2, 122.6, 120.0, 

46.2, 31.9, 31.3, 28.9, 26.3, 22.7, 14.0.; λmax (ε, Lmol-1cm-1): 400 

nm (1.71 × 104), 279 nm (2.70 × 104). Tetradetector GPC data: 

Mn = 15,519, Mw = 25,953, PDI = 1.67. 

P1 was synthesized following the similar protocol as described 

for P2, starting from 5a (0.05 g, 0.08 mmol). Yield 0.036 g, 

65%. 1H NMR (600 MHz, CDCl3): δ (ppm) 7.66-7.33 (m), 4.51-

4.46 (m, 3H), 2.46 (s, 3H), 1.90-1.84 (m, 2H), 1.26-1.15 (m, 8H), 

0.81-0.79 (m, 3H).; λmax (ε, Lmol-1cm-1): 395 nm(2.26 × 104), 279 

nm (2.73 × 104). Tetradetector GPC data: Mn = 14,799, Mw = 

26,781, PDI = 1.81. 

 

 X-ray data collections and refinement. The yellow colored 

needle-like single crystals of 4b suitable for X-ray 

crystallography, were obtained by layering a THF solution of 4b 

on water.  Single-crystal X-ray structural studies were 

performed on a Bruker-APEX-II CCD X-ray diffractometer 

equipped with an Oxford Instruments low-temperature 

attachment. Data were collected at 100(2) K using graphite-

monochromated Mo Kα radiation (λα = R 0.710 73 Å). The 

frames were indexed, integrated, and scaled using the SMART 

and SAINT software package,26 and the data were corrected 

for absorption using the SADABS program.27 Pertinent 

crystallographic data for 4b is summarized in Table S1†. Two 

independent molecules of 4b were located in the asymmetric 

unit with negligible differences in their metrical parameters. 

CCDC-1412125 contains the supplementary crystallographic 

data for this paper. These data can be obtained free of charge 

from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. The structure was 

solved and refined using the SHELX suite of programs.28All 

molecular structures were generated by using ORTEP-3 for 

Windows Version 2.02.29 The hydrogen atoms were included in 

geometrically calculated positions in the final stages of the 

refinement and were refined according to the typical riding 

model. All non-hydrogen atoms were refined with anisotropic 

thermal parameters.  
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