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The conjugated molecules based on pyrene and dithienopyrrole derivatives including 
4-(2-ethylhexyl)-2-(pyren-1-yl)-4H-dithieno[3,2-b:2’,3’-d]pyrrole (EP4HP) and 4-(2-ethylhexyl)-
2,6-di(pyren-1-yl)-4H-dithieno[3,2-b:2’,3’-d]pyrrole (EDP4HP) have been successfully 
synthesized via C–H direct arylation reaction. The structures of these conjugated molecules were 
determined via nuclear magnetic resonance and Fourier-transform infrared spectroscopy (FTIR). 
The optical properties of conjugated molecules were evaluated via ultraviolet visible (UV-Vis) 
and fluorescence spectroscopies. The conjugated molecules exhibited the efficient fluorescence 
quenching toward herbicide mesotrione as nitroaromatic pesticides that could be promising 
candidates as the chemosensor for tracing of nitroaromatic pesticides.
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Introduction

Pesticides are widely used in agricultural production, 
and the pesticides demand is increasing due to population 
growth leading to a priority in promoting high agricultural 
productivity. The ingredients of pesticides are chemicals 
that can control pests or plant growth which have become 
effective tools in boosting agricultural productivity. 
However, pesticides are also the world’s leading concern 
in food safety, which are the main cause of more than 
200,000 deaths each year.1 Furthermore, the health concerns 
associated with the consumption of products containing 
pesticides are becoming more noticeable in developing 

countries due to the lack of knowledge and understanding 
of farmers using pesticides in cultivation.

At present, many pesticides with nitro-aromatic 
compounds (NACs, Figure 1) such as parathion, nitrofen, 
4,6-dinitro-o-cresol and mesotrione have been commonly 
used to protect crops. NACs pesticides are one of the 
leading causes of environmental pollution due to their high 
biological activity and toxicity.2 Most pesticides do not 
distinguish between plants and pests, they have the potential 
to harm humans, animals and other living organisms if used 
incorrectly. One of the most crucial ways of diminishing 
potential risks to the environment and the health of humans 
is the monitoring of these pesticide residues. Up to now, 
the methods of detecting pesticides have made remarkable 
progress. Typically, it is used traditional chromatographic 
detection methods, including gas chromatography (GC),3 
high performance liquid chromatography (HPLC)4 and gas 
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chromatography mass spectrometry (GC-MS),5 besides 
other methods such as electrochemical analysis,6 biosensors 
based on acetylcholinesterase (AChE),7 etc. All of these 
methods have their own advantages and disadvantages, 
in which the chromatographic method shows accurate 
and high sensitivity but requires expensive equipment 
investment, time-consuming, complicated operation and 
poor portability.

In recent years, a fluorescence-based method has 
been approached due to better efficiency, simplicity, fast, 
and reliability. This technique is due to the response of 
colorimetric and fluorimetric properties that are mainly 
concentrated on the fluorescence sensors. Optical 
fluorescence sensors based on photoluminescence (PL) 
quenching have been attended due to their selectivity, 
low cost and ease of operation.8 For example, Zhao et al.9 
synthesized a pyranine for paraquat sensor based on 
the fluorescent turn-off method. Under the optimized 
conditions, this technique is sensitive, selective, and 
could be used for paraquat detection in the real sample. 
Hu  et  al.10 also reported a colorimetric chemosensor 
based on gold nanoparticles (AuNPs) due to the inhibition 
of the peroxidase-like activity for rapid detection of 
dimethoate pesticide in agricultural products. Optical 
chemosensing methodology based on functional materials/
nanomaterials including conjugated molecules/polymers, 
macrocycle and metal-organic frameworks have shown 
great potential for sensitive and selective detection of 
pesticide. Mallard-Favier  et  al.11 synthesized a novel 
peracetylated cyclodextrin trimer containing three 
fluorescent 1,2,3-triazole linkers that exhibited an excellent 
emission fluorescence by the addition of pendimethalin 

with extremely low detection limits (0.8-4  µM). 
Kumar  et  al.12 synthesized a luminescent nanocrystal 
metal-organic framework (NMOF1) for chemosensing of 
organophosphate pesticides. Hergert et al.13 reported the 
molecular chain effect in phenylene ethynylene oligomers 
to detect insecticides showing a significant increase 
in Stern-Volmer quenching. A molecularly imprinted 
polymers (MIP)-based fluorescent probe was synthesized 
by Sun et al.14 using biomass-modified carbon quantum dots 
(CQDs) which are encapsulated into MIPs, for rapid and 
sensitive mesotrione detection. Zhang et al.15 reported that 
a carbazole-containing polymer with significant inherent 
porosity exhibited apparent fluorescence quenching upon 
increasing the concentration of trifluralin. However, a lot 
of the conjugated polymers/oligomers applied for pesticide 
probe have normally been synthesized via multiple intricate 
steps that lead to a consideration in the purification of the 
products and that the lack of straightforward access to such 
polymers/oligomers can preclude their widespread usage.

In general, fluorescence-based chemosensors for NACs 
pesticides detection have been created centered on the 
Forster resonance energy transfer where the conjugated 
molecules act as a donor chromophore that transfers 
energy to an acceptor chromophore via nonradiative 
dipole-dipole coupling giving a dramatical increase in 
the fluorescence-quenching efficiency and sensitivity 
improvement. In fluorescence resonance energy transfer 
(FRET), the fluorophore (donor) absorbs the excitation 
energy of the incident light and then transfers this energy 
to a nearby chromophore (acceptor). Energy transfer 
manifests through quenching of the donor fluorescence 
or reducing the excited state lifetime accompanied by an 

Figure 1. Structures of some nitro-aromatic pesticides.
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increase in the acceptor fluorescence intensity.16 However, 
the development of fluorescence sensors is limited due 
to fluorescence quenching from unstable substrates or 
probes.17 Most organic fluorescence molecules suffer from 
aggregation caused quenching (ACQ), which is responsible 
for low fluorescence emission at high concentrations or 
solid-state. Over years, lots of methods in various fields 
have been approved to decrease ACQ effects,18-21 but the 
effect is not indefectible. Recently, the aggregation-induced 
emission (AIE) characteristics of fluorescent molecules 
have been researched.22,23 AIE phenomenon is due to the 
restriction of intramolecular rotation.24 Its unique properties 
provide AIE probes with significant advantages including 
lower background and higher light stability.25

Pyrene and its derivatives are well known as an 
excellent product for being employed as fluorescent 
compound because of their electron rich molecules.26-28 
Pyrene has the advantage of intense emission with long 
lifetime values, tendency to form excimers, and high 
sensitivity to electron-deficient molecules.29 Moreover, 
pyrene owns the π-conjugated plane structure which gets 
it easier to associate with NACs via π-π interaction.30 
Over the years, many pyrene-based chemosensors have 
been developed to detect different NACs.31-33 On the 
other hand, dithienopyrrole derivatives are having better 
π-conjugation and lower ionization potential by electron 
donating molecules,34 so they are suitable for making 
excellent donor materials. Therefore, the combination of 
pyrene and dithienopyrrole derivatives is expected to be 
potential donor molecules for NACs pesticide detection.

Experimental

Materials

N-Bromosuccinimide (99%), pyrene  (98%), 
3,3’-dibromo-2,2’-bithiophene (98%) and 2-ethyl-
hexylamine (98%) were purchased from Acros Organic, 
Geel, Belgium. Mesotrione (98%), tris(dibenzylidene-
acetone)dipalladium(0) (Pd2(dba)3, 98%), 2,2’-bis 
(diphenyl phosphino)-1,1’-binaphthyl (98%) were 
ordered from Sigma-Aldrich, St. Louis, Missouri, USA. 
Tricyclohexylphosphine tetrafluoroborate (P(Cy)3.HBF4,  
97%), sodium tert-butoxide (NaOt-Bu, 97%), pivalic acid 
(PivOH, 99%), palladium(II) acetate (Pd(OAc)2, 98%) 
and cesium carbonate (Cs2O3, 99%) were purchased from 
Sigma-Aldrich, St. Louis, Missouri, USA. Potassium 
carbonate (K2CO3, 99%) was purchased from Acros Organic 
(Geel, Belgium) and used as received. Toluene (99.5%) and 
chloroform (CHCl3, 99.5%) were purchased from Acros 
Organic (Geel, Belgium). Anhydrous dimethylformamide 

(DMF, 99%), dichloromethane (DCM, 99.8%) and hexane 
(99%) were ordered from Acros Organic (Geel, Belgium) 
and used as received.

Measurements

Fourier-transform infrared (FTIR) spectra were 
recorded from KBr disk on the FTIR Bruker Tensor 27 
(Bruker, Massachusetts, USA). Elemental analyses were 
performed by Elemental Analyzer (Costech ECS 4010, NC 
Technologies, Milan, Italy). 1H and 13C nuclear magnetic 
resonance (NMR) spectra were recorded in deuterated 
chloroform (CDCl3) with tetramethylsilane (TMS) as an 
internal reference, on a Bruker Avance 500 MHz (Bruker, 
Massachusetts, USA).

UV-Vis spectra were recorded on Agilent 8453 UV-Vis 
spectrometer (Agilent, CA, USA) over a wavelength range 
of 200-1100 nm.

Fluorescence spectra were performed on Cary Eclipse 
Fluorescence Spectrophotometer (Agilent, CA, USA) over 
the wavelength range of 350-900 nm. The solutions were 
excited at the wavelength of 365 nm.

The AUTOLAB equipment (Utrecht, Netherlands) 
was used to measure the electrochemical properties of 
molecules. The AUTOLAB software is NOVA 1.11. The 
electrochemical experiments used an Au disk working 
electrode, a Pt as counter electrode and an Ag/Ag+ reference 
electrode. The solutions were prepared with 0.1 M TBAPF6 
(tetrabutylammonium hexafluorophosphate) in acetonitrile. 
Ag/Ag+ reference electrode (0.1 M AgNO3/0.1 M TBAPF6 
in CH3CN; 0.320 V vs. SCE) was used as a reference 
potential.

Synthesis of 4-(2-ethylhexyl)-4H-dithieno[3,2-b:2’,3’-d]
pyrrole (EDP) (1)

To a solution of Pd2(dba)3 (94.25 mg, 0.10 mmol), 
2,2’-bis(diphenylphosphino)-1,1’-binaphthyl (BINAP, 
256.36 mg, 0.41 mmol) and NaOt-Bu (725.36 mg, 
7.55  mmol) in toluene (8 mL) in a round bottom flask 
were added 3,3’-dibromo-2,2’-bithiophene (1111.78 mg, 
3.43 mmol) and 2-ethylhexylamine (443.44 mg, 3.43 mmol) 
under nitrogen atmosphere. Then, the mixture was 
performed by three freeze-pump-thaw cycles to remove 
completely air and charged nitrogen in the reaction. 
Then, the reaction was performed at 110 °C under N2 
for 24 h. Then, the reaction mixture was cooled down 
to room temperature, chloroform was used to extract the 
mixture reaction three times (3 × 20 mL). The mixture 
was washed with 10% NaCl (150 mL), dried over K2CO3. 
The organic solvent was evacuated via evaporation to 
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obtain the crude product that subsequently was purified 
via column chromatography using a silica gel column with 
hexane. Finally, the compound was dried in a vacuum at 
50 °C to obtain the yellow viscous liquid (yield = 56%). 
1H NMR (500 MHz, CDCl3) d 7.04 (d, J 5.2 Hz, 2H), 6.90 
(d, J 5.3 Hz, 2H), 3.98 (m, 2H), 1.87 (m, 1H), 1.22 (m, 
8H), 0.82 (m, 6H); 13C NMR (125 MHz, CDCl3) d 10.69, 
14.01, 22.98, 24.08, 28.70, 30.71, 40.50, 51.38, 111.09, 
114.59, 122.70, 145.34; elemental analysis for C16H21NS2: 
calculated: C, 65.93; H, 7.26; N, 4.81; S, 22.00; found: C, 
66.20; H, 7.21; N, 4.87; S, 21.72.

Synthesis of 1-bromopyrene (2)

Pyrene (1.00 g, 4.94 mmol) was dissolved to 20 mL 
of anhydrous dimethylformamide (DMF) in a 100 mL 
round bottom flask. The reaction was cooled to 0 °C, then 
N-bromosuccinimide (NBS) (0.97 g, 5.43 mmol) was 
added to the reaction slowly. Then, the reaction mixture 
was reacted at room temperature overnight. After that, 
the cold water was added to the reaction which was then 
extracted with chloroform (60 mL). The mixture layer was 
washed with brine (150 mL) and dried over anhydrous 
K2CO3. The solvent was evacuated by evaporation and the 
product was precipitated in cold hexane to obtain the white 
powder. The white powder was subsequently dried in a 
vacuum oven at 50 °C for 24 h (yield = 94%). It should be 
noted that the bromination process has a selectivity for the 
proton at position 1 of pyrene over other protons. 1H NMR 
(500 MHz, CDCl3) d 8.45 (d, J 8.5 Hz, 1H), 8.25-8.21 (m, 
3H), 8.19 (s, 1H), 8.07-8.01 (m, 4H); 13C NMR (125 MHz, 
CDCl3) d 121.1, 124.3, 125.2, 126.4, 130.5, 133.7, 132.2, 
133.4; elemental analysis for C16H9Br: calculated: C, 68.35; 
H, 3.23; Br, 28.42. Found: C, 67.75; H, 3.35; Br, 28.90.

Synthesis of 4-(2-ethylhexyl)-2-(pyren-1-yl)-4H-dithieno 
[3,2-b:2’,3’-d]pyrrole (EP4HP) and 4-(2-ethylhexyl)-
2,6-di(pyren-1-yl)-4H-dithieno[3,2-b:2’,3’-d]pyrrole (EDP4HP)

Pd(OAc)2 (6.74 mg, 0.03 mmol), Cs2CO3 (283.46 mg, 
0.87 mmol), P(Cy)3.HBF4 (22.09 mg, 0.06 mmol) and PivOH 
(17.36 mg, 0.17 mmol) were dissolved in 8 mL toluene in 
a round bottom flask. Then, 1-bromopyrene (202.43 mg, 
0.72 mmol) and EDP (84.53 mg, 0.29) were added into the 
mixture reaction under nitrogen. The reaction mixture was 
performed by three freeze-pump-thaw cycles to remove 
completely air and charged with nitrogen. Then, the reaction 
was reacted at 110 °C under N2 for 48 h. After that, the 
reaction mixture was cooled down to room temperature 
and extracted with chloroform three times (3 × 20 mL). 
Then, the mixture was washed with 10% NaCl (150 mL), 

dried over K2CO3 and filtrated via funnel. The solvent was 
evaporated via rotary evaporation equipment to obtain 
the crude product. The products were purified via column 
chromatography on a silica gel column using a mixture of 
hexane and dichloromethane as eluent (v/v = 40:1). Finally, 
the compound was dried in a vacuum oven at 50 °C to obtain 
the dark grey powder (EP4HP, yield = 45.8%) and the orange 
powder (EDP4HP, yield = 52%).

EP4HP
1H NMR (500 MHz, CDCl3) d 8.64 (d, J 9.3 Hz, 1H), 

8.22-8.01 (m, 8H), 7.29 (s, 1H), 7.18 (d, J 5.3 Hz, 1H), 7.05 
(d, J 5.3 Hz, 1H), 4.16 (d, J 7.2, 4.1 Hz, 2H), 2.04 (m, 1H), 
1.56-1.39 (m, 8H), 0.95-0.84 (m, 6H); 13C NMR (125 MHz, 
CDCl3) d 10.69, 14.01, 22.98, 24.08, 28.70, 30.71, 40.50, 
51.38, 121.0, 122.7, 125.3, 125.8, 126.7, 127.5, 127.9, 
128.3, 128.8, 130.5, 132.2, 133.3, 141.1; elemental analysis 
for C32H29NS2: calculated: C, 78.16; H, 5.94; N, 2.85; S, 
13.04; found: C, 77.71; H, 6.04; N, 2.90; S, 13.35.

EDP4HP
1H NMR (500 MHz, CDCl3) d 8.70 (d, J 9.2 Hz, 2H), 

8.21-8.04 (m, 16H), 7.35 (s, 2H), 4.25 (d, J 7.3, 1.4 Hz, 
2H), 2.13 (m, 1H), 1.54-1.25 (m, 8H), 0.99-0.89 (m, 6H); 
13C NMR (125 MHz, CDCl3) d 10.69, 14.01, 22.98, 24.08, 
28.70, 30.71, 40.50, 51.38, 121.0, 122.7, 125.3, 126.7, 
127.5, 127.9, 128.3, 128.8, 130.5, 132.2, 133.3, 141.1; 
elemental analysis for C48H37NS2: calculated: C, 83.32; H, 
5.39; N, 2.02; S, 9.27; found: C, 83.72; H, 5.29; N, 1.97; 
S, 9.02.

Results and Discussion

The synthesis of EP4HP and EDP4HP is described 
in Scheme 1. EDP (1) and 1-bromopyrene (2) were 
synthesized according to the reported procedure as shown 
in the Experimental section. As shown in Scheme  1, 
the Buchwald-Hartwig reaction between 3,3’-dibromo-
2,2’-bithiophene and 2-ethylhexylamine catalyzed by 
Pd2(dba)3 at 110 °C for 24 h afforded compound 1 in a yield 
of 56%. Compound 2 was generated with a yield of 94% from 
pyrene over bromination reaction. Then, the direct arylation 
reaction of EDP (1) and 1-bromopyrene (2) was carried out 
in the presence of the Pd(OAc)2 as the catalyst. This direct 
arylation mechanism based on the reaction of EDP and 
1-bromopyrene which involved reductive elimination of 
the organic substituents 1-bromopyrene (R) and EDP (R’) 
on a metal complex in the presence of ligand (L) P(Cy)3.
HBF4 formed the L(II)‑M‑RR’. The oxidative addition of 
1-bromopyrene to L–PdII gives LPdR(Br). Subsequently, the 
reaction undergoes transmetallation with a source of R’–. In 
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the final stage, the reductive elimination of the two coupling 
1-bromopyrene and EDP compounds regenerate the catalyst 
and give the final products EP4HP and EDP4HP.

The FTIR spectrum of EP4HP and EDP4HP compounds 
showed bands from 2868 to 3044 cm–1 assigned to the C–H 
stretching vibrations of ethyl-hexyl group and C–H linkage 
in aromatic structure. The band from 1516 to 1600 cm–1 
is corresponding to C=C stretching in aromatic and C–H 
deformation vibrations. The peaks from 1020 to 1103 cm–1 
indicate the existence of C–N. The band from 719 to 
824 cm–1 is responsible for the C–S stretching vibrations 
of thiophene structures.

The structures of the EP4HP and EDP4HP molecules 
were characterized via 1H and 13C NMR spectroscopies. In 
1H NMR of the EP4HP (Figure 2A), the peaks from 0.8 to 
2.04 ppm are attributed to the alkyl side chains. The peak m 
at 4.16 ppm is corresponding to the proton of methylene 
linking to dithieno[3,2-b:2’,3’-d]pyrrole moieties. The 
peak at 7.04 ppm (peak l) and the peak at 7.26 ppm (peak j) 
are corresponding to the protons at positions 2 and 7 in 
the thiophene unit. In addition, the peak at 7.18 ppm is 
attributed to the proton at position 8 in the thiophene unit 
that has not yet coupled with pyrene moieties. The peaks 
from 8.03 to 8.65 ppm ascribed to the protons of pyrene unit 

in EP4HP molecules. In the case of EDP4HP (Figure 2B), 
the 1H NMR spectrum exhibited all characteristic peaks 
corresponding to the chemical structure of EDP4HP. The 
peaks from 0.89 to 2.13 ppm are presented for the alkyl 
side chains. The peak at 4.16 ppm (peak m, Figure 2B) 
is also attributed to the proton of methylene linking to 
dithieno[3,2-b:2’,3’-d]pyrrole moieties. It is interesting 
that the peak at 7.18 ppm disappeared, this result suggested 
that the dithieno[3,2-b:2’,3’-d]pyrrole units have coupled 
completely with 1-bromopyrene to form EDP4HP. The peak 
at 7.35 ppm (peak j) is attributed to the protons at position 
7 in the thiophene unit. The peaks from 8.03 to 8.65 ppm 
are assigned to the protons of pyrene moieties. These results 
indicated that the direct arylation cross-coupling has been 
applied successfully to obtain the molecules of EP4HP and 
EDP4HP. However, the final products may contain some 
impurity compound such as 1-bromopyrene that appeared 
at 6.9 to 7.2 ppm, and the peaks at 5.25 ppm corresponding 
to the proton of CH2Cl2 solvents which remains in the final 
product after purification.

UV-Vis spectroscopy has been used to investigate the 
absorption properties of molecules EP4HP and EDP4HP. 
Figure 3 showed the UV-Vis absorption spectra of molecules 
EP4HP and EDP4HP in dilute CHCl3 solution at different 

Scheme 1. Synthesis for the conjugated molecular EP4HP and EDP4HP. Reagents and conditions: (i) Pd2(dba)3, BINAP, NaOt-Bu, toluene, 110 °C; 
(ii) DMF, r.t.; (iii) Pd(OAc)2, P(Cy)3.HBF4, Cs2CO3, PivOH, toluene, 110 °C.
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concentrations (5, 10, 20, 30 μM). In the case of EP4HP, 
absorption bands emerged at 232 nm with a shoulder of 
261 and 370 nm which are corresponding to the absorption 
of 4-(2-ethylhexyl)-4H-dithieno[3,2-b:2’,3’-d]pyrrole 
and pyrene moieties. The absorption band at 232 nm and 
shoulder of 261 nm was assigned to the electronic transition 
of dithienopyrrole, and the other at 370 nm attributed to the 
electronic transition of pyrene. The EDP4HP showed the 
absorption bands emerged at 232, 261, 325 and 410 nm. The 
absorption bands of EDP4HP at 410 nm exhibited a red-shift 

compared to that of 370 nm of EP4HP, this result indicated 
that the extending of π conjugation of EDP4HP enhances the 
red-shift absorption. Based on the lower energetic edge of 
the absorption, the optical bandgaps of EP4HP and EDP4HP 
molecules are 4.3 and 2.61 eV, respectively. Based on the 
Lambert-Beer law, the molar absorption coefficients ε of 
EP4HP and EDP4HP at 232 nm were estimated with the 
value of 16464 and 24725 M–1 cm–1, respectively, due to 
the π-extension of EDP4HP that leads to the higher molar 
absorption coefficient compared to those of EP4HP.

Figure 2. 1H NMR spectra (500 MHz, CDCl3) of the molecules (A) EP4HP and (B) EDP4HP.
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The molecules EP4HP and EDP4HP have been 
applied for tracing of nitroaromatic pesticides via FRET 
mechanism. The molecules EP4HP and EDP4HP are 
molecules that associated with nitroaromatic via dipole-
dipole coupling. The fluorescence of EP4HP and EDP4HP 
in solution was excited at the wavelength of 365 nm. The 
photoluminescence of EP4HP and EDP4HP has been 
investigated upon adding different amounts of herbicide 
mesotrione into the solution. The solutions of EP4HP 
and EDP4HP in CHCl3 were prepared with concentration 
(CM) of 1.0 µM as the host stock solution, followed by the 
addition of different amounts (0-75 μM) of mesotrione. It 
is interesting that the results exhibited that fluorescence 
intensities decreased gradually with the increase of the 
concentration of mesotrione compound. This phenomenon 
suggested that the binding between mesotrione with 
EP4HP and EDP4HP causes the fluorescence quenching. 
Figures 4a and 4b exhibited the fluorescence quenching 

of EP4HP and EDP4HP in the presence of mesotrione 
compound. At the concentration of 1 µM of mesotrione, 
the fluorescence intensity of the EP4HP and EDP4HP 
decreased 200 a.u. At the concentration of 75  µM of 
mesotrione, the fluorescence intensity of EP4HP decreased 
1000 a.u., while the fluorescence intensity of EDP4HP 
decreased 2750 a.u. that caused the color changing of 
EDP4HP solution from bright green to dark green which 
can be observed by naked eyes.

Figures 5a and 5c performed the fluorescence 
ratiometric responses of EP4HP and EDP4HP to trace 
mesotrione analyte, respectively. Figure 5a showed the 
PL emission spectrum of EP4HP solution (CM = 1 µM) 
upon the incremental addition of mesotrione with different 
concentrations (CM = 0-75 µM). The EP4HP exhibited 
the emission peak at 500 nm under excited wavelength 
at 365  nm. At 1 µM of mesotrione, the fluorescence 
intensity of the molecules EP4HP solution decreased from 

Figure 3. UV-Vis absorption spectra of (a) EP4HP and (b) EDP4HP at various concentrations in CHCl3.

Figure 4. Fluorescence quenching of (a) EP4HP in CHCl3 (1 μM) and (b) EDP4HP in CHCl3 (1 μM) upon addition of mesotrione (0-75 µM).
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1150 to 1000 a.u. that is estimated about 9.1%. When 
concentration of mesotrione was increased to 75 µM, the 
fluorescence intensity of EP4HP decreased to 200 a.u. 
which is corresponding to 82.6% decreasing in fluorescence 
intensity. In the case of EDP4HP, it showed the emission 
peak at 540 nm under excited at 365 nm (Figure 5b). At 
1 μM of mesotrione, the fluorescence intensity of the 
EDP4HP solution decreased 10.7% comparing to the initial 
fluorescence intensity. Since the mesotrione increased to 
75 µM, the fluorescence intensity of EDP4HP solution was 
decreased to 500 a.u. which corresponds to 84.6% decreasing 
in fluorescence intensity. According to the World Health 
Organization-Food and Agriculture Organization (WHO-
FAO), the mesotrione in agriculture can be acceptable daily 
intake less than 0.5 mg kg-1, both EP4HP and EDP4HP 
can be used to trace the mesotrione at CM = 1 µM which 
corresponds to the 0.5 mg kg–1 of mesotrione that is suitable 
as a chemosensor. In addition, the fluorescence intensity of 
EDP4HP is much higher than those of EP4HP due to the 
expansion of π conjugated systems.

The Stern-Volmer constant (KSV) of EP4HP and 
EDP4HP were calculated to inspect a more complete 
understanding of the fluorescence quenching efficiency 
based on the data of fluorescence emission spectrums 
(Figure 4). The Stern-Volmer equation is given as:

 (1)

where I0 is fluorescence intensity of solution with the 
absence of analyte (quencher A), and I is fluorescence 
intensity of solution with the presence of the analyte 
(quencher A); CA is the molar concentration of the analyte, 
and KSV denotes the Stern-Volmer quenching constant. 
The quenching efficiency by mesotrione of EP4HP and 
EDP4HP determined from the Stern-Volmer plot had linear 
responses to this equation with correlation coefficients 
of 0.994 and 0.9723, respectively. The calculated Stern-
Volmer constant (KSV) of EP4HP was 5570 M–1 with the 
limit of detection (LOD) towards mesotrione down to 1 µM 
based on the standard method reported.35 Similarly, the 
Stern-Volmer constants (KSV) and the LOD of EDP4HP 
toward mesotrione were 6520 M–1 and 1 µM, respectively. 
Based on these results, it is considered that the interactions 
between EDP4HP and EP4HP with mesotrione caused the 
fluorescence quenching of the conjugated molecules. The 
static quenching mechanism of molecules EP4HP and 
EDP4HP was proposed in Figure 6.36,37

To get more insights into the mechanism of fluorescence 
quenching, the mixing of the EP4HP and EDP4HP 
with mesotrione were characterized for UV-Vis and 

Figure 5. (a) Fluorescence emission spectra of EP4HP and (c) EDP4HP in CHCl3 (1 µM) with concentration increase of mesotrione; and the corresponding 
Stern-Volmer plot of (b) EP4HP and (d) EDP4HP.
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electrochemical characterization. To confirm the influence 
of mesotrione on fluorescence quenching of EDP4HP via 
FRET mechanism, the absorption spectra of EDP4HP 
solution in the absence and in the presence of mesotrione 
have been compared as shown in Figure 7. The UV-Vis of 
EDP4HP solution showed the absorption peak at 410 nm 
that was red-shifted compared with the absorption of 
EDP4HP with mesotrione (CM = 1 µM) solution which 
showed the absorption peak at 320 nm. In the case of 
EP4HP, the UV-Vis spectra of EP4HP with mesotrione 
exhibited the absorption at 305 nm while the absorption 
of EP4HP is around 232 nm with shoulder of 261  nm. 
This phenomenon can be attributed to the π-π conjugated 
intermolecular stacking that was disturbed in the 
presence of mesotrione moieties by the formation of 
the linkage as van der Waals forces due to electrostatic 
interactions between EDP4HP and the nitrogen groups of 
mesotrione compound via the donor-acceptor interactions 
between electron-deficient nitro groups and electron-rich  
dithieno[3,2-b:2’,3’-d]pyrrole or pyrene moieties. In 
addition, the π-π interaction formed the complexation of 
EP4HP/EDP4HP with the mesotrione via Willem Hendrik 
Keesom interaction due to pyrene units with phenyl 
moieties due to permanent dipoles of molecules. 

To further confirm the fluorescence quenching 
effect of EDP4HP induced by mesotrione moieties, we 
have characterized and compared the electrochemical 
comparison of EDP4HP with and without mesotrione 
by the cyclic voltammetry technique. The solutions of 
EDP4HP and EDP4HP in acetonitrile with mesotrione 
were prepared with 0.1 M TBAPF6. Figure 8 presents 
the cyclic voltammetry of EDP4HP and EDP4HP with 
mesotrione in acetonitrile in the range of 0-2.0 V potential 

scanning. The EDP4HP exhibited the oxidation peak at 
1.2 V whereas the EDP4HP with mesotrione showed a 
higher oxidation peak at 1.8 V. This result confirmed that 
the intermolecular stacking based on π-π conjugated of 
EDP4HP was interrupted by mesotrione moieties that 

Figure 6. Proposed schematic diagram of EDP4HP interaction with 
mesotrione.

Figure 7. UV-Vis absorption spectra of (a) EDP4HP/EDP4HP with 
mesotrione and (b) EP4HP/EP4HP with mesotrione in CHCl3.

Figure 8. Cyclic voltammograms of EDP4HP and EDP4HP with 
mesotrione in acetonitrile.
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lead to the lower HOMO (highest occupied molecular 
orbital) energy level.

In addition, cellulose papers were coated with the 
EDP4HP by dip-coating into the solution of triad EDP4HP 
(CM = 1 µM) and used to trace the mesotrione (Figure 9). The 
mesotrione solution in different concentrations was added 
onto the cellulose paper sample. The samples displayed 
sapphire color luminescence under UV irradiation while 
the papers exhibited the dark color area in the precence of 
mesotrione. Therefore, the EDP4HP is suitable to trace the 
mesotrione used in an agriculture product with high contents.

Conclusions

In conclusion, the conjugated molecules based on 
pyrene and 4-(2-ethylhexyl)-2-(pyren-1-yl)-4H-dithieno 
[3,2-b:2’,3’-d]pyrrole have been successfully synthesized 
via direct arylation reaction. The molar absorption 
coefficient of EP4HP and EDP4HP was 16464 and 
24725  M–1 cm–1, respectively. The obtained molecules 
have been used for tracing mesotrione compound through 
FRET with high sensitivity of KSV of 5570 and 6520 M–1 
for EP4HP and EDP4HP, respectively. The materials based 
on the EP4HP and EDP4HP compounds are promising 
candidates for technical application for mesotrione 
detection as a chemosensors.
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