
Journal Pre-proof

Chalcone-based fluorescent chemosensors as new tools for detecting Cu2+ ions

Liliana J. Gomes, Tiago Moreira, Laura Rodríguez, Artur J. Moro

PII: S0143-7208(21)00711-7

DOI: https://doi.org/10.1016/j.dyepig.2021.109845

Reference: DYPI 109845

To appear in: Dyes and Pigments

Received Date: 1 July 2021

Revised Date: 29 September 2021

Accepted Date: 30 September 2021

Please cite this article as: Gomes LJ, Moreira T, Rodríguez L, Moro AJ, Chalcone-based fluorescent
chemosensors as new tools for detecting Cu2+ ions, Dyes and Pigments (2021), doi: https://
doi.org/10.1016/j.dyepig.2021.109845.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Ltd.

https://doi.org/10.1016/j.dyepig.2021.109845
https://doi.org/10.1016/j.dyepig.2021.109845
https://doi.org/10.1016/j.dyepig.2021.109845


Liliana J. Gomes: Investigation; Tiago Moreira: Investigation; Laura Rodríguez: Resources, 

Visualization, Writing - Review & Editing; Artur J. Moro: Conceptualization, Investigation, 

Writing - Original Draft. 

Jo
urn

al 
Pre-

pro
of



GRAPHICAL ABSTRACT 

 

Chalcone-based fluorescent chemosensors as new tools for detecting Cu2+ ions 

Liliana J. Gomes, a Tiago Moreira,a Laura Rodríguez,b,c Artur J. Moro* a 

 

 

 

 

 

Jo
urn

al 
Pre-

pro
of



Chalcone-based fluorescent chemosensors as new tools for detecting Cu2+ 

ions 

Liliana J. Gomes, a Tiago Moreira,a Laura Rodríguez,b,c Artur J. Moro* a 

aLAQV-REQUIMTE, Departamento de Química, CQFB, Universidade Nova de Lisboa, 

Monte de Caparica, Portugal.  

bDepartament de Química Inorgànica i Orgànica. Secció de Química Inorgànica. 

Universitat de Barcelona, Martí i Franquès 1-11, 08028 Barcelona, Spain. 

cInstitut de Nanociència i Nanotecnologia (IN2UB). Universitat de Barcelona, 08028 

Barcelona, Spain. 

* E-mail:ajm12769@fct.unl.pt 

 

 

  

Jo
urn

al 
Pre-

pro
of



Abstract 

The design and full characterization of new fluorescent chemosensors for Cu2+ is herein presented. 

The structure of the sensors is based on a chalcone backbone as the chromophoric unit, with di-

(2-picolyl)amine (DPA) as a receptor moiety. Two systems, bearing one or two chalcone-DPA 

units, were synthesized and fully characterized. 

UV-Vis titrations with several metal ions were performed and both chemosensors exhibited a 

strong hypsochromic shift in the absorption spectra upon Cu2+ addition, indicating a higher 

selectivity for this metal over other divalent cations. Additionally, fluorescent spectra recorded in 

the same conditions revealed a stronger quenching effect in the presence of Cu2+, even in the 

presence of other metal cations, with association constants above 106 M-1 and detection limits 

below the micromolar level for both chemosensors. Paper test-strips with one of the chemosensors 

were prepared to attest its possible application for detecting copper in aqueous samples.  
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Introduction 

Fluorescent chemosensors are molecules capable of binding to a given analyte and produce a 

quantitatively measurable response in terms of fluorescence change. Over the past century, 

particularly from the 1980’s and beyond, the widespread of fluorescence spectroscopy in various 

fields of research, especially in Biology and Materials science has led to an exponential growth 

in the number of developed chemosensors. Given the multitude of possible combinations between 

fluorophores and binding moieties, a significant number of research groups have been highly 

successful in creating sensor molecules with outstanding selectivity and tailor-made optical 

properties.[1] 

Coordination chemistry has provided a strong boost creating chemosensor molecules for heavy 

metal cations, particularly due to their relevance as highly toxic contaminants in Nature.[2] 

Indeed, the development of different chelating motifs has allowed, not only to detect the presence 

of relevant heavy metal ions, but also to use the coordinated compound for posterior sensing of 

anionic and neutral species.[3][4] 

A particularly successful example is the di-(2-picolyl)amine (DPA) ligand, which is typically 

capable of binding divalent cations with some degree of specificity to form stable complexes.[5,6] 

Coupling the DPA to various fluorophores has led to the development of many fluorescent sensor 

systems for the detection of Zn2+ [7,8] and Cd2+ [9][10], typically presenting chelation-enhanced 

fluorescence (CHEF) in the presence of these metals. However, most of the reported examples 

also respond strongly to Cu2+, which induces a chelation-quenching effect (CHEQ) due to its 

paramagnetic character. In fact, successful examples of DPA-based chemosensors can also be 

found in the literature to be highly selective towards Cu2+, with no response to either Zn2+ or Cd2+ 

[11,12] (figure 1a). 

In this work, we focused on the design of fluorescent chemosensors bearing DPA units, coupled 

to chalcone fluorophores [13]. Chalcones are α,β-unsaturated aromatic ketones which are present 

in many plants, and have been reported to exhibit several therapeutic properties as anti-

inflammatory [14,15] and anti-cancer agents [16,17], among others [18–20]. The high chemical 

versatility of the chalcone core (see figure 1b, highlighted in red) and the ease of their synthetic 

preparation allows both for fine-tuning their optical properties, as well as the introduction of 

specific functionalities, which makes them highly attractive targets for the design of new 

fluorescent chemosensor systems [21]. With this in mind, we synthesized two chalcone 

derivatives (figure 1b), bearing one or two DPA moieties, and assessed their potential as 

chemosensors for heavy metal cations. 
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Figure 1. (a) Examples of reported DPA-based chemosensors for Cu2+, from refs. 11 and 12. (b) 

Chemical structure of DPA-chalcone chemosensors from this work. The chalcone backbone is 

highlighted in red. 
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Experimental section 

Synthesis 

All used chemicals were of analytical grade and used as purchased. Fine chemicals were acquired 

from Sigma-Aldrich, while solvents were purchased either from Sigma-Aldrich or Carlo Erba.  

 

Synthesis of 2-((4-formylphenyl)(methyl)amino)ethyl 4-methylbenzenesulfonate (1) 

One equivalent of N-Methyl-N-(2-hydroxyethyl)-4-aminobenzaldehyde (11.59 g, 0.065 mol) and 

two equivalents of p-toluenesulfonyl chloride (14.88 g, 0.078 mol) were dissolved in  

dichloromethane (90 mL), and the mixture was cooled to 0ºC in an ice-bath. KOH (4 eqs., 14.59 

g, 0.26 mol) was slowly added and the mixture was kept under ice for 3h. Afterwards, 

dichloromethane (100 mL) and ice-water (200 mL) were added. In a separation funnel, the organic 

layer was collected, and the aqueous phase was further extracted with dichloromethane (3 × 50 

mL). The combined organic layers were washed with water (200 mL), brine (150 mL), and dried 

with Na2SO4. Upon filtration, the solvent was evaporated in a rotatory evaporator, to yield 15.63 

g (η = 73%) of pure product as a brown solid. Melting point: 140 – 144 ºC. IR (cm-1): 3052, 3000, 

2929, 2809, 1685; 1590; 1343; 1157. 1H NMR (400 MHz, CDCl3) δ 9.74 (s, 1H), 7.68 (d, J = 8.7 

Hz, 4H), 7.24 (d, J = 8.2 Hz, 2H), 6.58 (d, J = 8.8 Hz, 2H), 4.20 (t, J = 5.7 Hz, 2H), 3.72 (t, J = 

5.7 Hz, 2H), 3.00 (s, 3H), 2.39 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 190.28, 152.66, 145.15, 

132.45, 131.98, 129.87, 127.79, 125.93, 111.10, 66.47, 50.90, 39.30, 21.65. HR-ESI-MS (+) m/z: 

334.1101 ([M + H]+, calcd: 334.1108). 

 

Synthesis of 4-((2-(bis(pyridin-2-ylmethyl)amino)ethyl)(methyl)amino)benzaldehyde (2) 

A solution of 1 (3.42 g, 10.3 mmol), di-(2-picolyl)amine (1.1 eqs., 2.25 g, 11.3 mmol) and 

potassium carbonate (2 eqs., 2.83 g, 20.6 mmol) in acetonitrile (50 mL) was refluxed for 24h. 

Afterwards, the reaction mixture was cooled down to room temperature and the solvent was 

evaporated. The resulting residue was redissolved in dichloromethane (60 mL), and the organic 

phase was washed with HCl 0.01 M (25 mL), water (2 × 25 mL) and brine (25 mL). The organic 

phase was then dried with Na2SO4, filtered, and the solvent was evaporated. The residue was 

purified through flash chromatography (DCM/MeOH 15:1, Rf = 0.4) to yield 3.25 g of pure 2 (η 

= 88%) as a dark brown oil. IR (cm-1): 3052, 2911, 2820, 1665, 1594, 1518, 1380, 1166. 1H NMR 

(400 MHz, CDCl3) δ 9.62 (s, 1H), 8.48 (d, J = 3.7 Hz, 2H), 7.55 (d, J = 6.7 Hz, 4H), 7.36 (d, J = 

7.6 Hz, 2H), 7.12 – 7.03 (m, 2H), 6.49 (d, J = 8.6 Hz, 2H), 3.84 (s, 4H), 3.47 (t, J = 6.9 Hz, 2H), 

2.89 (s, 3H), 2.72 (t, J = 6.9 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 190.17, 158.94, 153.37, 

149.19, 136.49, 132.00, 125.02, 123.06, 122.26, 110.81, 60.97, 50.38, 38.82. HR-ESI-MS (+) 

m/z: 361.2022 ([M + H]+, calcd: 361.2023). 

 

Synthesis of (2E,6E)-2,6-bis(4-((2-(bis(pyridin-2-ylmethyl)amino)ethyl)(methyl)amino)-

benzylidene)cyclohexanone (3) 

To a solution of 2 (3.2 g, 8.9 mmol) and cyclohexanone (0.44 g, 4.4 mmol) in ethanol (40 mL) 

under an ice bath, NaOH 40% aqueous solution (5 mL) was added dropwise. The solution was 

Jo
urn

al 
Pre-

pro
of



kept under ice for 30 mins, at which point it was allowed to warm up to room temperature and 

left stirring overnight. The mixture was diluted with water (50 mL), neutralized to pH~7-8 with 

HCl 6 M and extracted with DCM (1 × 75 mL and 2 × 50 mL). The combined organic extracts 

were dried with Na2SO4, filtered and the volatiles were evaporated in a rotatory evaporator. Flash 

chromatography with DCM/MeOH 9:1 yielded 2.59 g (η = 74%) of pure 3 as a brown viscous 

oil. IR (cm-1): 3064, 2973, 2925, 2825, 1658, 1579, 1508, 1437, 1378, 1151, 966. 1H NMR (400 

MHz, CDCl3) δ 8.48 (d, J = 3.9 Hz, 1H), 7.65 (s, 1H), 7.57 (t, J = 7.1 Hz, 1H), 7.43 (d, J = 7.5 

Hz, 1H), 7.27 (d, J = 8.6 Hz, 1H), 7.13 – 7.09 (m, 1H), 6.50 (d, J = 8.7 Hz, 1H), 3.89 (s, 4H), 3.49 

(s, 2H), 2.87 – 2.74 (m, 7H), 1.74 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 190.04, 158.31, 149.09, 

148.99, 137.01, 136.65, 132.51, 132.23, 124.00, 123.32, 122.38, 111.29, 77.34, 77.02, 76.71, 

60.64, 50.59, 50.10, 38.57, 28.75, 23.23. HR-ESI-MS (+) m/z: 783.4497 ([M + H]+, calcd: 

783.4493). 

 

Synthesis of 2-(4-((2-hydroxyethyl)(methyl)amino)benzylidene)cyclohexan-1-one (4) 

In a 100 mL round-bottom flask, 2 (1 eq, 4.59 g, 25.64 mmol) was dissolved in ethanol (30 mL). 

Then, cyclohexanone (10 eq, 26.54 mL, 25.39 mmol) was added to the reaction mixture under 

vigorous stirring. At last, a solution of NaOH (6 mL, 50% m/m) and water (10 mL) were added. 

The reaction was monitored by TLC using as eluent DCM: acetone (9:1). After 22h stirring at 

room temperature, the reaction was complete. The reaction mixture was then neutralized with 

HCl 6 M, and the crude reaction was dragged with brine and extracted with DCM (3 × 30 mL). 

Afterwards, the organic extract was dried with Na2SO4, filtered and the solvent was removed 

under reduced pressure and the reaction mixture was dried under vacuum. The 8.3 g of residue 

were purified through column silica-gel flash chromatography (DCM:acetone (8.5:1.5)) to 

produce 4.24 g (η = 63.8%) of 2-(4-((2-hydroxyethyl)(methyl) amino)benzylidene) cyclohexan-

1-one as yellow/brownish crystals. Melting point: 84 – 85 ºC. IR (cm-1): 3066, 2930, 1660, 1570, 

1518, 1423, 1189, 1141. 1H NMR (400 MHz, CDCl3) δ (ppm):  7.51 (s, 1H), 7.38 (d, J = 8.6 Hz, 

2H), 6.75 (d, J = 8.6 Hz, 2H), 3.84 (q, J = 5.6 Hz, 2H), 3.55 (t, J = 5.7 Hz, 2H), 3.04 (s, 3H), 2.85 

(td, J = 6.5, 2.1 Hz, 2H), 2.50 (t, J = 6.6 Hz, 2H), 1.89 (dd, J = 7.5, 4.1 Hz, 2H), 1.77 (t, J = 5.8 

Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm): δ 201.52, 150.02, 137.15, 132.85, 132.09, 124.09, 

111.92, 60.33, 54.77, 40.09, 38.98, 29.23, 23.97, 23.31. HR-ESI-MS (+) m/z: 441.2654 ([M + 

H]+, calcd: 441.2654). X-ray crystallography data can be found in the Supplementary Material 

(CCDC deposition number 2090085). 

 

UV-Vis and Fluorescence Measurements  

Solutions for UV-Vis absorption and fluorescence measurements were prepared by adding an 

aliquot of 30 µL of a 3x10-4 M methanolic solution of chalcones 3 or 4, to 1470 µL of aqueous 

buffer, and 1500 µL of methanol p.a., for a final chemosensor concentration of 5 µM. For all 

metal titrations, 10 mM HEPES buffer at pH 7.0 ± 0.2 was used. pH titrations were performed 

using buffer. Metal ion titrations were performed by adding a solution containing both metal and 

chemosensor to a cuvette containing solely the chemosensor, to ensure that the concentration of 

the latter remained constant. The limit of detection (LOD) of Cu2+ was determined according to 

IUPAC guidelines [22], by measuring five independently prepared samples of chalcone with no 

metal (blank) and applying the formula: LOD = 3σ/b, where σ represents the standard deviation 
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of these measurements, and b represents the slope over a fixed linear range (0 – 5 µM was 

selected). Absorption spectra were acquired in a 1 cm quartz cuvette on a Varian Cary 100 Bio 

UV- spectrophotometer. Emission spectra were obtained in a 1 cm fluorescence quartz cuvette, 

using a Horiba-Jobin-Yvon SPEX Fluorolog 3.22 spectrofluorometer. Fluorescence quantum 

yield for 3 and 4 were determined using Acridine Yellow G (ϕf = 0.47, in ethanol) and Coumarin 

1 (ϕf = 0.5, in ethanol) as references, respectively [23,24]. The binding constant for Chalcone-

Cu2+ was determined by fitting the experimental data to a Henderson-Hasselbalch binding model 

using the Solver Add-In from Microsoft Excel [25]. Preparation of paper test-strips was 

performed on medium fibre-free filter paper, from Hollingsworth & Vose Company 

(Massachusetts, USA). The paper was cut in squares (20 x 20 mm) which were individually 

immersed for ca. 10 minutes in a methanolic solution of 3 ([3] = 0.284 mM). Afterwards, the 

paper strips were air-dried (ca. 15 minutes) and subsequently immersed in aqueous copper 

perchlorate solutions with different concentrations. A paper-strip immersed in water was also 

measured. Photos were recorded using an iPhone 8. Emission spectra of paper strips were 

acquired in the same spectrofluorometer, using an appropriate accessory for solid samples.  
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Results and discussion 

Synthesis 

Chalcones present several structural features, particularly in terms of synthetic flexibility, which 

allows for functionalization of its core through simple procedures, with relatively moderate to 

high reaction yields. The synthesis of the two chalcone-DPA chemosensors is described in Figure 

2. 

 

Figure 2. Synthetic scheme for chalcones 3 and 4. 

 

Briefly, the hydroxy group of N-methyl-N-(2-hydroxyethyl)-4-aminobenzaldehyde was tosylated, 

followed by an SN2 reaction with di-(2-picolyl)amine, to afford 2. Finally, condensation under 

basic conditions with either one equivalent or excess of cyclohexanone resulted in chemosensors 

3 and 4, respectively. Structural characterization of both chemosensors was performed by HRMS 

and NMR spectroscopy. For chemosensor 4, single crystals were obtained readily from the 

purified fraction of the column, upon solvent removal (see figure 3, and Supplementary Material 

for X-Ray crystallography data). A detailed analysis of 1D and 2D NMR spectra, as well as the 

respective mass spectra, has allowed for a full structural characterization of all products (see 

Supplementary Material, figures S1-S24 and tables S1-S4).  

 

UV-Vis and fluorescence studies 

As mentioned above, the substitution pattern of the chalcone core has significant influence in its 

optical properties, according to the electronic nature (withdrawing or donating) of the substituent 

group, and to its relative position. In this particular case, an amino group in position 4 exerts a 

strong “push-pull” effect, since it is directly in resonance with the carbonyl group from the 

chalcone. We performed UV-Vis and fluorescence spectra of 3 in solvents with different 

polarities, and found that there is a linear relationship between the Stokes’ shift and the ET(30) 

value of the solvent (figure S25). 

Jo
urn

al 
Pre-

pro
of



 

Figure 3. ORTEP-3 diagram of compound 4 (asymmetric unit), using 50% probability level 

ellipsoids. 

 

This result confirms the strong intramolecular charge-transfer (ICT) character of chemical 

structure of 3, typical for planar (or quasi planar) aromatic amines [26]. The values for molar 

extinction coefficient at the absorption maxima and fluorescence quantum yields for both 

chemosensor 3 and 4 can be found in table 1. 

 

Table 1. UV-Vis and luminescent spectral data for chemosensors 3 and 4, in MeOH/HEPES 10 

mM pH 7 (1:1). 

 λmax (nm) λemission (nm) Stoke’s shift (cm-1) ε* (M-1 cm-1) Φ** 

3 470 610 4883 38531  0.016 

4 398 498 5045 24645 0.0006 

*Molar extinction coefficient at λmax; **Fluorescence quantum yield 

 

The ability of chalcones 3 and 4 to act as sensors for metal ions in aqueous media requires that 

the DPA units are deprotonated at neutral pH. Taking this into account, a pH titration was 

performed and followed simultaneously by UV-Vis and fluorescence spectroscopy. The spectra 

indicate that pH has very little influence on the optical properties of both 3 and 4 in the pH range 

from 3 to 10 (figure S26). Indeed, the protonation of the aliphatic nitrogen from the DPA units, 

which occurs at ca. pH~5 (pKa1[3] = 4.7; pKa1[4] = 5.0) [27], has very little effect on the 

luminescent properties of 3 or 4, suggesting minor influence of photoinduced electron transfer 

effects, as opposed to previously reported fluorescent DPA systems.[7,27] Only at very acidic 

conditions can one observe the protonation of the lone pairs of electrons from the nitrogens that 

are directly conjugated with the chalcones, due to the electron-withdrawing effect from the 

carbonyl group (fig. S27), with pKa values below 1 (pKa2[3] = pKa2[4] = 0.75). A summary for 

the pH dependent equilibria is described in scheme S1.  
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In order to assess the sensitivity and selectivity of chemosensors 3 and 4 in molecular recognition 

of cations, a simple test was performed by adding two equivalents of different divalent cations. 

The results show that Cu2+ is the cation that induces the strongest effect, both in the UV-Vis and 

fluorescence spectra (figures 4 and S28). Indeed, a full titration of both 3 and 4 with Cu2+ cations 

results in a colorimetric response, with sensor 3 changing its color from orange to pale yellow, 

while chemosensor 4 changes from pale yellow to colorless (figures 4A and 4B). This naked-eye 

observation is consistent with the observed hypsochromic shift in UV-Vis absorption maxima for 

both chemosensors in the presence of Cu2+, a behavior similar to the protonation of 3 and 4 at pH 

values below 1 (figures 4C and 4E).  
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Figure 4. Naked-eye sensitivity of chemosensors 3 (A) and 4 (B) (5 µM) towards different metal 

ions (top); UV-Vis and emission spectra of chemosensors 3 (C and D) and 4 (E and F), with 

increasing amounts of Cu2+, in MeOH/HEPES 10 mM pH 7 (1:1). λexc (3) = 419 nm; λexc (4) = 

375 nm. 

 

This result seems to indicate that the nitrogen which is directly conjugated with the chalcone core 

is also participating in the coordination process of Cu2+, being this effect much stronger for this 

A B 

C D 

E F 
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metal when compared to all the other studied metal cations. The emission spectra of both 

chemosensors reveal a strong fluorescence quenching in the presence of Cu2+ cations (figures 4D 

and 4F), reaching a plateau after the addition of roughly 1 equivalent of metal (see figures 6C and 

6D, below), for both chemosensors. Method for continuous variation yielded the respective Jobs’ 

plot, which indicated a 1:1 stoichiometry between each chemosensor and Cu2+ (figure 5). 

Additional MALDI-TOF-MS experiments also confirmed the presence of the 1:1 binding 

products for both chemosensors with Cu2+ (figures S29 and S30). 
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Figure 5. Job’s plot for 3 (A) and 4 (B) in the presence of Cu2+. For both cases, the intercept of 

the slope of the curves is at Χsensor ~ 0.5. Conditions: 1:1 MeOH/10mM HEPES pH7, λexc (3) = 

470 nm; λexc (4) = 342 nm. 

 

While this behavior is expected for chemosensor 4, these results suggest that, although 

chemosensor 3 possesses two DPA centers, binding the first Cu2+ cation renders the second DPA 

chelating moiety “inactive”. An explanation can be that the “free” electron pair from the nitrogen 

which is conjugated to the chalcone opposite to the first Cu2+-DPA coordination sphere is now 

less available for coordinating a second metal cation, due to a change in the global polarity/charge 

density of the chromophore core (see scheme 1). The limit of detection [19] for each of the 

chemosensors towards Cu2+ was found to be 0.379 µM and 0.442 µM for chemosensors 3 and 4, 

respectively. 

 

Scheme 1. Proposed binding mechanism of Cu2+ to chemosensor 3. Upon binding to one DPA 

center, the nitrogen lone-electron pair from the second DPA is no longer available for 

coordinating a second Cu2+ cation. 
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Metal selectivity 

Although both chemosensors have a significantly higher affinity towards Cu2+ ions, the results 

from figure S27 indicate some competitivity for binding for several metal ions, namely Cd2+, Zn2+, 

Co2+ and Ni2+. This is also reflected in the naked-eye experiments in figure 3. As such, full titration 

of these metal competitors was also performed by following UV-Vis and emission changes in the 

presence of each of these ions (figure 6). For Cd2+ and Zn2+, although UV-Vis spectra indicate 

some metal binding takes place, negligible changes are observed in the emission properties of 

both chemosensors. Co2+ and Ni2+ induce a similar behavior as Cu2+ for both chemosensors, 

although the spectral changes occur to a lesser extent, particularly if we compare UV-Vis spectra. 

These results, along with those for Cu2+ (for comparison purposes), are summarized in figure 6. 
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Figure 6. Changes in the optical properties of 3 and 4 (5 µM) in the presence of different metal 

ions. (a) and (b): ratio between UV-Vis maxima of free and metal-bound chemosensors 3 and 4, 

respectively; (c) and (d): luminescence of 3 and 4 in the presence of increasing amounts of metal 

ions, respectively [λexc (3) = 419 nm; λexc (4) = 375 nm]. 

 

The luminescent emission data sets were fitted to a 1:1 binding model, yielding the corresponding 

association constants for each of the studied metals (table 2). The highest constant was determined 

for Cu2+, which indicates some selectivity from chemosensors 3 and 4 towards this cation. Other 

studied metals also present high association constants, being Co2+ and Ni2+ the strongest 
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interferents, with Ka only 5 to 10 times lower than that of Cu2+ for 3 and 4. However, it is 

noteworthy that Cu2+ is the cation that induces the strongest quenching effect on the luminescence 

of both 3 and 4 (table 2). The observed values for both association constants and limits of detection 

is comparable to other reported optical sensor systems for Cu2+.[28] 

 

Table 2. Association constants (Ka) and signal variation (Δ[%]) for chemosensors 3 and 4 with 

metal ions. 

 3 4 

Metal ion Ka (M-1) Δ[%] Ka (M-1) Δ[%] 

Cu2+ 6.2 × 106 84 4.1 × 106 96 

Cd2+ 4.9 × 105 24 n.d. 23 

Zn2+ 1.0 × 106 14 n.d. 12 

Co2+ 1.6 × 106 19 1.4 × 105 40 

Ni2+ 7.0 × 105 59 4.4 × 105 59 

 

Competitive studies were also conducted, where each of the metals (2 equivalents) is added to a 

chemosensor solution prior to Cu2+ addition (2 equivalents), thus allowing to assess their degree 

of competition for binding to chalcones 3 and 4. The results are shown in figure 7. 
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Figure 7. Competitive binding of chemosensors 3 (A) and 4 (B) to Cu2+, in the presence of other 

metal ions. 

 

Once again, for both chemosensors, the strongest competitors for Cu2+ binding are Ni2+ and Co2+ 

but a clear preference for Cu2+ is observed in all cases, demonstrating some degree of specificity 

of these host molecules for this cation. Nevertheless, it should be stressed out that, for Ni2+ (or 

Co2+) rich environments, prior sample treatment with appropriate selective chelators is needed in 

order to determine Cu2+ content using our chemosensors. 
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Paper test-strips 

For further assessing the application of these chemosensors as a rapid method for detecting copper 

levels in water samples, paper test-strips were prepared with chemosensor 3 by impregnation in 

a concentrated methanolic solution ([3] ~ 0.3 mM). This chemosensor was chosen since it presents 

a better naked-eye color contrast than chemosensor 4. The paper strips were left to dry for 15 

minutes on air and were afterwards immersed into aqueous solutions of different copper 

concentrations and once more left to dry (figure 8A). Upon drying, the luminescence of the paper 

strips under 365 nm UV light (figure 8B) and the corresponding spectra were recorded (figure 

8C). 
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Figure 8. Photos of paper-strips (A) on ambient light and (B) under UV light (365 nm), and (C) 

respective emission spectra [λexc (3) = 419 nm], upon exposure to different Cu2+ concentrations. 

 

Under ambient light, the test-strips reveal a slight change in color, from orange to yellow (fig. 

8A), in line with what was recorded in solution. Moreover, the detection of copper exposure is 

much clearer under a UV lamp, where the strong luminescence in the absence of metal is almost 

fully quenched in the presence of Cu2+ (fig. 8B), which is further highlighted in the recorded 

emission spectra (fig. 8C). The inset from fig. 7C indicates a high sensitivity in concentrations up 

to ca. 0.5 mM of Cu2+. These results show that the developed paper strips can detect Cu2+ in the 

high micromolar/low millimolar range, which can be useful for a rapid screening on monitoring 

copper levels in mining waste waters and nearby water sources, typically found in these 

concentrations.[29,30] 
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Conclusions 

The new DPA-chalcone sensors are capable of selectively detect Cu2+ in solution through naked-

eye color changes and luminescence quenching, even in the presence of other metal cations. Both 

chemosensors binding copper ions through a 1:1 stoichiometry, with association constants and 

limits of detection comparable to other reported systems. Paper test-strips prepared with one 

chemosensor allowed for the detection of Cu2+ in the high-micromolar/low-millimolar 

concentration range, highlighting the applicability of these systems for monitoring this metal in 

mining wastewater samples. 
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Highlights 

 Two new chalcone-based fluorescent chemosensors, possessing one or two di-(2-

picolyl)amine units, are presented 

 Both sensors present a strong intramolecular charge transfer (ICT) character, exhibiting a 

large Stoke’s shift 

 A higher sensitivity is observed towards copper (II), with strong UV-Vis and fluorescent 

responses 

 Paper test-strips were prepared with one of the chemosensors as a rapid monitoring 

method for Cu (II) in water samples 
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