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Article 
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Abstract: This study focuses on the development and characterization of a series of six new dansyl 

derivatives (L1 to L6) and their integration into PMMA polymers for application in environmental 

sensing. The photophysical properties of these derivatives were extensively studied in various 

solvents and in solid state. A remarkable positive solvatochromic effect was observed, indicating 

their potential in microenvironmental polarity assessment. The dansyl derivatives demonstrated 

selective sensing capabilities for Cu2+ and Hg2+ metal ions, with the formation of mononuclear 

species. Additionally, their acid-base responsive nature was explored, revealing potential for pH-

sensitive applications. The incorporation of these derivatives into PMMA polymers resulted in acid-

base sensitive materials suitable for environmental monitoring, particularly in detecting hazardous 

gases and changes in pH levels. This integration overcomes the solubility limitations of dansyl 

compounds and extends their applicability in diverse sensing scenarios. 

Keywords: dansyl derivatives; Fluorescent Chemosensors; dye-doped PMMA polymers; 

Solvatochromic Properties; Acidic Vapours Detection 

 

1. Introduction 

Over the past decade, there has been a significant focus on the design of fluorescent 

chemosensors due to their highly sensitive, rapid, and non-destructive analysis [1,2]. One of the 

commonly used fluorophores in this field is the dansyl group, which offers several advantages; it 

exhibits emission in the visible region, possesses an exceptionally high fluorescence quantum yield, 

and exhibits a significant Stokes shift, thereby avoiding any auto-absorption effects. These 

compounds incorporated electron-donating and electron-withdrawing moieties, which contribute to 

their high fluorescence quantum yields. 

Furthermore, the fluorescence intensity and emission maximum of dansyl-based compounds are 

known to vary with the polarity of the surrounding environment, primarily due to their charge 

transfer properties being very useful for biological applications [3–6].  

Based on the reports published in the literature [1,7,8], dansyl derivatives have demonstrated 

selective detection capabilities for Cu(II) and Hg(II) metal ions, as well as certain anions. These 

favourable properties make them highly relevant in fields such as environmental monitoring, 

bioanalytical chemistry, and clinical diagnostics. The advantage of dansyl-based compounds lies in 
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their ability to provide tailored selectivity, allowing for precise and reliable detection of these target 

analytes even in complex matrices. 

However, it is worth noting that one restriction of dansyl derivatives is their limited solubility 

in water, which can hinder their application in biological and environmental contexts where aqueous 

environments are prevalent. The hydrophobic nature of these compounds restricts their dispersion 

and interaction with aqueous samples, thereby limiting their effectiveness as probes in such settings. 

To overcome this limitation and expand the applicability of dansyl-based compounds in 

biological and environmental applications, researchers have explored various strategies. One such 

strategy is namely the incorporation of dansyl derivatives into polymers. This approach involves the 

synthesis or modification of polymers to include dansyl groups, thereby improving the solubility and 

dispersibility of the compounds in aqueous media. 

The incorporation of dansyl derivatives into polymers offers multiple advantages and 

applications. Firstly, it provides a solid platform for immobilizing the probes, allowing for easy 

handling and practical use. The solid-state nature of polymer-based systems also enhances stability, 

which is essential for long-term sensing applications. Additionally, polymers can be tailored to have 

specific properties such as biocompatibility or environmental resistance, further expanding the range 

of applications for dansyl-based probes. 

Thus, by incorporating dansyl derivatives into polymers, researchers can overcome the 

solubility limitation and create a robust sensing platform that retains their selective detection 

properties. This strategy not only improves the practicality of these compounds but also enables their 

use in various biological and environmental sensing applications, where stability, ease of use, and 

compatibility with different media are crucial considerations. 

A thorough examination of the available literature reveals that polymers, alongside other 

materials, have also emerged as key materials in various gas sensor devices offering a promising and 

cost-effective solution for addressing issues related to hazardous gases in the environment. 

Conducting polymers has demonstrated remarkable applications in sensing gases with acid-base or 

oxidizing characteristics. Furthermore, when combined with other polymers like PVC and PMMA, 

which possess active functional groups capable of detecting such gases, they have shown significant 

potential [9]. Legislative measures have encouraged a substantial demand for sensors used in 

environmental monitoring, such as the detection of toxic gases and vapours in workplaces and 

contaminants in natural waters originating from industrial effluents and agricultural runoff. 

In this study, a series of six new dansyl derivatives (L1 to L6) were synthesized and thoroughly 

characterized. The photophysical properties of all compounds were investigated in various solvents, 

including DMSO, CH3CN, ethanol, THF, and CHCl3. To comprehensively explore the diverse 

characteristics of these compounds, they were primarily investigated for their solution-based 

properties, particularly the ability to sense metal ions. Additionally, these compounds were 

incorporated into PMMA polymers as sensing elements to detect acidic and basic environmental 

conditions on solid supports. 

2. Materials and Methods 

Reagents and solvents employed for the synthesis and purification of the target compounds (see 

Schemes 1–3) were available with purity >98% and purchased from Fluorochem, Sigma-Aldrich or 

TCI: 2-aminobenzoic acid (1), thiomorpholine (2), thiophen-2-ylmethanamine (3), thiophene-2-

sulfonyl chloride (7), 2-(aminomethyl)aniline (6), 5-(dimethylamino)naphthalene-1-sulfonyl chloride 

(dansyl chloride) (9), methyl isothiocyanate (MeNCS), 2-(methylthio)aniline (10), 2-(1H-

Benzotriazole-1-yl)-1,1,3,3-tetramethylaminium tetrafluoroborate (TBTU), N-Ethyldiisopropylamine 

(DIPEA), triethylamine (Et3N), pyridine, methanol (MeOH), methyl tert-butyl ether (MTBE) and 

dichloromethane (DCM). Reagents and solvents required for the photophysical experiments: 

acetonitrile (CH3CN) (Merck Millipore, Darmstadt, Germany, 99.5%, CAS 75-05-8); chloroform 

(CHCl3) (Honeywell, Minneapolis, MN, USA, 99.0–99.4%, CAS 67-66-3); diemthylsulfoxyde (DMSO) 

(Honeywell, 99.5%, CAS 67-68-5); ethanol (EtOH) (Honeywell, 99.9%, CAS 64-17-5); tetrahydrofuran 

(THF) (PanReac, Barcelona, Spain, 99.0%, CAS 109-99-9); acetone (Honeywell, 99.5%, 67-64-1); 
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ethylenediamine tetraacetic acid (EDTA) (Alfa Aesar, Ward Hill, MA, USA, CAS 194491-31-1); 

LUDOX® AS-30 colloidal silica (SiO2, Sigma-Aldrich, 30 wt.% suspension in water, CAS 7631-86-9); 

poly(methyl methacrylate) (PMMA) (Sigma-Aldrich, St, Louis, MO, USA, MW ~350,000, CAS 9011- 

14-7); Zinc (II) trifluoromethanesulfonate (Sigma-Aldrich, St, Louis, MO, USA, CAS 54010-75-2); 

Silver (I) trifluoromethanesulfonate (Sigma-Aldrich, St, Louis, MO, USA, CAS 2923-28-6); Mercury 

(II) trifluoromethanesulfonate (Sigma-Aldrich, St, Louis, MO, USA, CAS 49540-00-3); Copper (II) 

trifluoromethanesulfonate (Sigma-Aldrich, St, Louis, MO, USA, CAS 34946-82-2); Acridine Yellow G 

(Sigma-Aldrich, St, Louis, MO, USA, CAS 135-49-9); hydrochloric acid 37% (Honeywell, CAS 7647-

01-0); ammonia (Sigma-Aldrich, St, Louis, MO, USA, CAS 7664-41-7); H2O (Milli-Q ultrapure). 

The absorption spectra were recorded on a JASCO V-650 UV-Vis Spectrophotometer and the 

fluorescence emission spectra on a Horiba Jobin-Yvon Scientific Fluoromax-4. Spectra of solid 

samples were collected with a Horiba-Jobin-Yvon Fluoromax-4® spectrofluorometer using an optic 

fibre connected to the equipment, by exciting the solid compounds at appropriated λ (nm). A 

correction for the absorbed light was performed when necessary. Lifetime studies were carried out 

on TemPro, Deltahub Nanoled of Horiba Jobin-Yvon, with a 390 nm Nanoled. All instruments were 

provided by Proteomass-BIOSCOPE facility.  

The chemical identities of all substances were confirmed through the utilization of various 

analytical techniques, including 1H NMR, 13C NMR, 2-D COSY, 2D-HSQC, and 2-D HMBC 

techniques. The 1H NMR and 13C NMR spectra were acquired on a Bruker Avance II+ 600 

spectrometer using 5 mm tubes. The measurements were performed in CDCl3 and DMSO-d6 at a 

temperature of 293 K, with operating frequencies of 600.13 MHz and 150.92 MHz for 1H and 13C 

nuclei, respectively. The 1H and 13C nuclear magnetic resonance (NMR) spectra were standardized 

using the reference signal of tetramethylsilane (TMS) with a chemical shift value (δ) of 0.00. The 

precision of chemical changes is determined at a level of 0.01 ppm. The coupling constants (J) are 

displayed with a precision of 0.1 and denoted in units of hertz (Hz). The spin multiplicity observed 

in the 1H nuclear magnetic resonance (NMR) spectroscopy was represented using the following 

abbreviations: s for singlet, d for doublet, t for triplet, q for quartet, dd for doublet of doublets, dt for 

doublet of triplets, td for triplet of doublets, and m for multiplet. MestreNova v. 14.1.1 (Mestrelab 

Research S.L.) was used for processing the spectra. 

High-Resolution Mass Spectrometry analyses were carried out in the Laboratory for Biological 

Mass Spectrometry–Isabel Moura (PROTEOMASS Scientific Society Facility), using UHR ESI-Qq-

TOF IMPACT HD (Bruker-Daltonics, Bremen, Germany). Compounds were dissolved in 50% (v/v) 

Acetonitrile containing 0.1% (v/v) aqueous formic acid to obtain a working solution of 0.1 µg/mL. 

Mass spectrometry analysis was carried out by the direct infusion of the compound solutions into the 

ESI source. MS data were acquired in positive polarity over the mass range of 80 – 1300 m/z. 

(Capillary voltage: 4500 V, End plate offset: -500 V, Charging voltage: 2000 V, Corona: 4000 nA, 

Nebulizer gas: 0.4 Bar, Dry Heater: 180 ºC, Dry gas: 4.0 L/min). 

2.1. Synthetic procedures 

2.1.1. Synthetic procedures for intermediates 4, 5, 8 and 12.  

Synthesis of (2-aminophenyl)(thiomorpholino)methanone (4): 

To a solution of aminoacid 1 (0.500 g, 3.65 mmol, 1.1 eq.) in 25 mL dry DCM were added at r.t. 

consequently DIPEA (1.21 mL, 7.29 mmol, 2.2 eq.), thiomorpholine 2 (0.33 mL, 3.31 mmol, 1.0 eq.) 

and TBTU (1.170 g, 3.65 mmol, 1.1 eq.). The formed clear solution was stirred at r.t. for 24 h. Workup: 

reaction mixture was diluted with 40 mL DCM and consequently washed with aq. K2CO3 (x1) and 

water (x2). TLC – DCM:MTBE=5:1, x2. Organic phase was dried over anhydr. Na2SO4 and evaporated 

in vacuo to dryness. The crude product was purified employing column chromatography: 40 g silica, 

mobile phase DCM:MTBE=10:1, furnishing0.700 g (96%) of compound 4 as pale yellow solid. 1H NMR 

(600 MHz, CDCl3) δ 7.17 (m, 1H), 7.05 (dd, J = 7.8, 1.6 Hz, 1H), 6.70-6.74 (m, 2H), 3.86 (br s, 4H), 2.66 
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3.86 (br s, 4H). 13C NMR (151 MHz, CDCl3) δ 170.32 (1C, C=O), 145.40, 130.70, 127.48, 119.73, 117.62, 

116.80, 27.88. 

Synthesis of 2-amino-N-(thiophen-2-ylmethyl)benzamide (5): 

To a solution of aminoacid 1 (0.400 g, 2.92 mmol, 1.0 eq.) in 25 mL dry DCM were added at r.t. 

consequently DIPEA (1.21 mL, 7.29 mmol, 2.5 eq.), amine 3 (0.33 mL, 3.21 mmol, 1.1 eq.) and TBTU 

(1.030 g, 3.21 mmol, 1.1 eq.). The formed clear solution was stirred at r.t. for 24 h. Workup: reaction 

mixture was diluted with 40 mL DCM and washed consequently with aq. citric acid and water. TLC 

– DCM, x2. The organic phase was dried over anhydr. Na2SO4 and evaporated in vacuo to dryness. 

The crude product was purified by column chromatography: 40 g silica, mobile phase DCM, 

affording 0.580 g (86%) of compound 5 as a white solid. M.p. 111-112°C. 1H NMR (600 MHz, CDCl3) 

δ 7.30 (dd, J = 7.9, 1.4 Hz, 1H), 7.24 (dd, J = 5.1, 1.1 Hz, 1H), 7.20 (ddd, J = 8.5, 7.2, 1.5 Hz, 1H), 7.02 (m, 

1H), 6.97 (dd, J = 5.1, 3.5 Hz, 1H), 6.68 (dd, J = 8.1, 0.9 Hz), 6.62 (ddd, J = 8.1, 7.3, 1.1 Hz, 1H), 6.40 (br 

s, 1H, CO-NH), 5.54 (br s, 2H, NH2), 4.76 (dd, J = 5.6, 0.6 Hz, 2H, CH2). 13C NMR (151 MHz, CDCl3) δ 
168.93 (1C, C=O), 148.85, 140.94, 132.50, 127.16, 126.93, 126.08, 125.30, 117.32, 116.58, 115.48, 38.47 (1C, 

CH2). 

Synthesis of N-(2-aminobenzyl)thiophene-2-sulfonamide (8): 

Diamine 6 (0.304 g, 2.49 mmol, 1.0 eq.) was dissolved in 25 mL dry DCM and Et3N (0.42 mL, 2.99 

mmol, 1.2 eq.) was added. The formed clear solution was cooled down to 5°C (with water-ice) and 

sulfochloride 7 (0.500 g, 2.74 mmol, 1.1 eq.) was added portionwise. The resulting clear reaction 

mixture was stirred for 30 min at 5°Cfollowed by 20 h at r.t. Workup: the reaction mixture was diluted 

with 40 mL DCM and consequently washed with aq. citric acid and water. TLC – DCM, x2. The 

organic phase was dried over anhydr. Na2SO4 and evaporated in vacuo to dryness. The crude product 

was purified by column chromatography: 40 g silica, mobile phase DCM:MTBE=20:1, to yield 0.670 

g (99%) of compound 8 as white solid. M.p. 132-133°C. 1H NMR (600 MHz, CDCl3) δ 7.62-7.66 (m, 

2H), 7.10-7.14 (m, 2H), 6.93 (dd, J = 7.4, 0.9 Hz, 1H), 6.64-6.69 (m, 2H), 4.70 (t, J = 5.7 Hz, 1H, SO2-NH), 

4.10 (d, J = 6.2 Hz, 2H, CH2), 4.03 (br s, 2H, NH2). 13C NMR (151 MHz, CDCl3) δ 145.62, 139.93, 132.60, 

132.31, 130.30, 129.88, 127.60, 119.16, 118.26, 116.28, 45.70 (1C, CH2). 

Synthesis of N-(2-aminobenzyl)-5-(dimethylamino)naphthalene-1-sulfonamide (12): 

To a solution of diamine 6 (0.400 g, 3.27 mmol, 1.0 eq.) in 25 mL dry DCM was added at r.t. Et3N 

(0.59 ml, 4.26 mmol, 1.3 eq.). The formed clear solution was cooled to 5°C (with water-ice) and dansyl 

chloride 9 (0.972 g, 3.60 mmol, 1.1 eq.) was added in portions. The formed clear yellow solution was 

stirred for 1 h at 5°C, followed by20 h at r.t. Workup: reaction mixture was diluted with 40 mL DCM 

and washed with water. TLC – DCM:MTBE=50:1, x2. The organic phase was dried over anhydr. 

Na2SO4 and evaporated in vacuo to dryness. The crude product was purified by column 

chromatography: 60 g silica; mobile phase DCM:MTBE=50:1, affording 1.170 g (99%) of compound 

12 as bright yellow solid. 1H NMR (600 MHz, CDCl3) δ 8.56 (m, 1H), 8.29 (dd, J = 7.3, 1.2 Hz, 1H), 8.26 

(m, 1H), 7.52-7.57 (m, 2H), 7.19 (br d, J = 7.5 Hz, 1H), 7.04 (dt, J = 7.7, 1.4 Hz, 1H), 6.78 (dd, J = 7.9, 1.4 

Hz, 1H), 6.55-6.58 (m, 2H), 4.87 (t, J = 6.1 Hz, 1H, SO2NH), 3.93 (br s, 1H, NH2), 3.91 (d, J = 6.1 Hz, 2H, 

CH2), 2.90 (s, 6H, NMe2). 13C NMR (151 MHz, CDCl3) δ 152.11, 145.57, 133.78, 130.79, 130.26, 130.18, 

129.84, 129.63, 129.54, 128.62, 123.28, 119.50, 118.30, 118.06, 116.12, 115.25, 45.47 (1C, CH2), 45.41 (2C, 

NMe2). 

2.1.2. Synthetic procedures for target compounds L1-L6 

Synthesis of 5-(dimethylamino)-N-(thiophen-2-ylmethyl)naphthalene-1 sulfonamide (L1): 

To a solution of amine 3 (0.17 mL, 1.63 mmol, 1.1 eq.) in 20 mL dry DCM was added at r.t. DIPEA 

(0.31 mL, 1.78 mmol, 1.2 eq.). The formed clear solution was cooled down to 5°C (with water-ice) and 

dansyl chloride 9 (0.400 g, 1.48 mmol, 1.0 eq.) was added in portions. The resulting clear yellow 

solution was stirred for 1 h at 5°C, followed by24 h at r.t. Workup: reaction mixture was diluted with 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2023                   doi:10.20944/preprints202312.1441.v1

https://doi.org/10.20944/preprints202312.1441.v1


 5 

 

40 mL DCM and consequently washed with aq. citric acid and water. TLC – DCM, x2. Organic phase 

was dried over anhydr. Na2SO4 and evaporated in vacuo to dryness. The crude product was purified 

by column chromatography: 70 g silica; mobile phase DCM. After column purification, the product 

was washed with 3 mL of hot petroleum ether, cooled down to r.t., decanted and dried in vacuo to 

give 0.480 g (93%) of pure L1 as pale-yellow powder. M.p. 113-114°C. 1H NMR (600 MHz, CDCl3) δ 
8.54 (dt, J = 8.5, 1.1 Hz, 1H), 8.26 (tt, J = 7.1, 1.1 Hz, 2H), 7.56 (dd, J = 8.6, 7.5 Hz, 1H), 7.52 (dd, J = 8.5, 

7.2 Hz, 1H), 7.19 (dd, J = 7.6, 0.9 Hz, 1H), 7.09 (dd, J = 5.1, 1.2 Hz, 1H), 6.77 (dd, J = 5.1, 3.5 Hz, 1H), 

6.72 (dt, J = 3.5, 1.0 Hz, 1H), 4.94 (t, J = 6.0 Hz, 1H), 4.28 (dd, J = 6.2, 0.9 Hz, 2H), 2.90 (s, 6H). 13C NMR 

(151 MHz, CDCl3) δ 152.02, 138.72, 134.37, 130.69, 129.87, 129.60, 128.52, 126.69, 126.47, 125.72, 123.15, 

118.58, 115.19, 77.23, 77.02, 76.81 (Figures S1-1 to S1-18). ESI-MS: [M+H]+ for C17H19N2O2S2 = 347.0882 

(-0.1 ppm). Calculated [M+H]+ for C17H19N2O2S2 = 347.088246. 

Synthesis of 5-(dimethylamino)-N-(2-(thiomorpholine-4 carbonyl)phenyl)naphthalene-1-

sulfonamide (L2): 

To 10 mL dry pyridine was added intermediate 4 (0.700 g, 3.15 mmol, 1.0 eq.) and dansyl chloride 

9 (1.020 g, 3.78 mmol, 1.2 eq.). The reaction mixture was gently refluxed at 115°C for 2 h (until 

exhaustion of 4). TLC – DCM:MTBE=50:1, x2. Workup: reaction mixture was diluted with 70 mL DCM 

and consequently washed with aq. citric acid (x2) and water (x2). The organic phase was dried over 

anhydr. Na2SO4 and evaporated in vacuo to dryness. The crude product was purified by column 

chromatography: 60 g silica; mobile phase DCM:MTBE=50:1. After purification by column the 

product was washed with 3 mL hot petroleum ether, cooled down to r.t., decanted and dried in vacuo 

to give 1.000 g (70%) of compound L2 as light-yellow powder. M.p. 176-177°C. 1H NMR (600 MHz, 

CDCl3) δ 8.68 (s, 1H), 8.50 (dt, J = 8.6, 1.1 Hz, 1H), 8.33 (dt, J = 8.6, 1.0 Hz, 1H), 8.13 (dd, J = 7.3, 1.3 Hz, 

1H), 7.77 (dd, J = 8.4, 1.1 Hz, 1H), 7.63 (dd, J = 8.7, 7.5 Hz, 1H), 7.41 (dd, J = 8.5, 7.3 Hz, 1H), 7.34 (ddd, 

J = 8.6, 7.4, 1.6 Hz, 1H), 7.28 – 7.22 (m, 1H), 7.03 (td, J = 7.5, 1.2 Hz, 1H), 6.93 (dd, J = 7.7, 1.6 Hz, 1H), 

3.50 (s, 2H), 2.88 (s, 6H), 2.69 (s, 2H), 2.46 (s, 2H), 2.02 (s, 2H).13C NMR (151 MHz, CDCl3) δ 168.58, 

152.09, 136.08, 134.50, 131.04, 130.65, 130.09, 129.89, 129.23, 128.63, 127.16, 125.81, 124.27, 124.13, 

123.18, 118.94, 115.71, 77.24, 77.03, 76.82, 45.49, 27.32 (Figures S2-1 to S2-13). ESI-MS: [M+H]+ for 

C23H26N3O3S2 = 456.1407 (-0.7 ppm). Calculated [M+H]+ for C23H26N3O3S2 = 456.141010. 

Synthesis of 5-(dimethylamino)-N-(2-(methylthio)phenyl)naphthalene-1-sulfonamide (L3): 

To 4 mL dry pyridine were added amine 10 (0.338 g, 2.43 mmol, 1.0 eq.) and dansyl chloride 9 

(0.786 g, 2.91 mmol, 1.2 eq.). The reaction mixture was stirred at r.t for 48 h (until exhaustion of 10). 

TLC – DCM:PE=1:1, x2. Workup: the reaction mixture was diluted with 50 mL DCM and 

consequently washed with 2N HCl and water. The organic phase was dried over anhydr. Na2SO4 and 

evaporated in vacuo to dryness. The crude product was purified by column chromatography: 70 g 

silica; mobile phase DCM. After column product was washed with 3 mL hot petroleum ether, cooled 

down to room temperature, decanted and dried in vacuo affording 0.640 g (70%) of compound L3 as 

yellow powder. M.p. 101-102°C. 1H NMR (600 MHz, CDCl3) δ 8.50 (dt, J = 8.5, 1.1 Hz, 1H), 8.39 (dd, 

J = 8.7, 1.0 Hz, 1H), 8.29 (dd, J = 7.3, 1.3 Hz, 1H), 8.15 (s, 1H), 7.57 (dd, J = 8.7, 7.5 Hz, 1H), 7.51 – 7.44 

(m, 2H), 7.32 (dd, J = 7.7, 1.6 Hz, 1H), 7.16 (dd, J = 7.6, 0.9 Hz, 1H), 6.93 (td, J = 7.6, 1.3 Hz, 1H), 2.84 (s, 

6H), 2.03 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 151.95, 137.89, 134.18, 134.10, 130.99, 130.39, 129.84, 

129.47, 129.19, 128.55, 125.79, 124.35, 123.01, 118.69, 118.48, 115.27, 77.24, 77.02, 76.81, 45.38, 19.59 

(Figures S3-1 to S3-12). ESI-MS: [M+H]+ for C19H21N2O2S2 = 373.1050 (3 ppm). Calculated [M+H]+ for 

C19H21N2O2S2 = 373.103896. 

Synthesis of N-(2-((5-(dimethylamino)naphthalene)-1-sulfonamido)benzyl)thiophene-2-

sulfonamide (L4): 

To 10 mL dry pyridine were added intermediate 8 (0.300 g, 1.12 mmol, 1.0 eq.) and dansyl 

chloride 9 (0.362 g, 1.34 mmol, 1.2 eq.). The reaction mixture was gently refluxed at 115°C for 4 h 

(until exhaustion of 8). TLC – DCM:PE=1:1, x2. Workup: the reaction mixture was diluted with 70 mL 

DCM and consequently washed with aq. citric acid (x3) and water (x2). Organic phase was dried over 

anhydrous Na2SO4 and evaporated in vacuo to dryness. The crude product was purified by column 

chromatography: 70 g silica; mobile phase DCM:MTBE=100:1. After column chromatography, the 

product was washed with 3 mL hot petroleum ether, cooled down to r.t., decanted and dried in vacuo 
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to give 0.560 g (99%) of compound L4 as yellow powder. M.p. 83-84°C. 1H NMR (600 MHz, CDCl3) 

δ 8.52 (dt, J = 8.5, 1.2 Hz, 1H), 8.31 (dd, J = 8.7, 1.0 Hz, 1H), 8.09 (dd, J = 7.3, 1.3 Hz, 1H), 7.63 (s, 1H), 

7.62 (q, J = 1.4 Hz, 1H), 7.58 (dd, J = 8.7, 7.5 Hz, 1H), 7.43 (dd, J = 8.5, 7.3 Hz, 1H), 7.21 (s, 1H), 7.19 (dd, 

J = 7.7, 0.9 Hz, 1H), 7.17 (dd, J = 7.5, 1.7 Hz, 1H), 7.11 (dd, J = 4.9, 3.9 Hz, 1H), 7.04 (td, J = 7.5, 1.4 Hz, 

1H), 6.99 (td, J = 7.7, 1.7 Hz, 1H), 6.72 (dd, J = 8.0, 1.4 Hz, 1H), 5.26 (t, J = 6.6 Hz, 1H), 4.07 (d, J = 6.6 

Hz, 2H), 2.89 (s, 6H). 13C NMR (151 MHz, CDCl3) δ 152.07, 140.08, 134.79, 133.86, 132.59, 132.33, 

131.00, 130.95, 130.72, 130.61, 129.70, 129.53, 129.17, 128.89, 127.61, 126.65, 124.69, 123.12, 118.50, 

115.33, 77.23, 77.02, 76.81, 45.41, 44.27 (Figures S4-1 to S4-13). ESI-MS: [M+H]+ for C23H24N3O4S3= 

502.0938 (2.9 ppm). Calculated [M+H]+ for C23H24N3O4S3 = 502.092346. 

Synthesis of 5-(dimethylamino)-N-(2-(3-methylthioureido)benzyl)naphthalene-1-sulfonamide 

(L5): 

A solution of 12 (0.410 g, 1.15 mmol, 1.0 eq.) and methyl isothiocyanate (0.168 g, 2.30 mmol, 2.0 

eq.) in 10 mL dry MeOH was gently refluxed for 8 h (until exhaustion of 12). TLC – DCM:MTBE=20:1, 

x2. Workup: the solvent was evaporated to dryness and the rest was purified using column 

chromatography: 60 g silica; mobile phase DCM:MTBE=20:1. After the column purification, the 

product was washed with 3 mL hot petroleum ether, cooled down to room temperature, decanted 

and dried in vacuo furnishing 0.400 g (81%) of compound L5 as yellow powder. M.p. 99-100°C. 1H 

NMR (600 MHz, DMSO) δ 8.72 (s, 1H), 8.47 (dt, J = 8.5, 1.0 Hz, 1H), 8.36 (dt, J = 8.7, 0.9 Hz, 1H), 8.12 

(dd, J = 7.3, 1.3 Hz, 1H), 7.95 (s, 1H), 7.58 (dd, J = 8.6, 7.4 Hz, 2H), 7.27 (dd, J = 7.5, 0.9 Hz, 2H), 7.19 

(td, J = 7.6, 1.6 Hz, 1H), 7.12 (dd, J = 7.9, 1.4 Hz, 1H), 7.08 (td, J = 7.5, 1.4 Hz, 1H), 4.05 (s, 2H), 2.86 (d, 

J = 2.4 Hz, 9H). 13C NMR (151 MHz, DMSO) δ 182.37, 151.13, 135.94, 134.24, 128.98, 128.96, 128.88, 

128.04, 127.76, 127.52, 127.34, 127.13, 125.85, 122.95, 118.79, 114.75, 44.63, 41.98, 30.70 (Figures S5-1 to 

S5-13). ESI-MS: [M+H]+ for C21H25N4O2S2= 429.1425 (2.7 ppm). Calculated [M+H]+ for C21H25N4O2S2= 

429.141344. 

Synthesis of 2-((5-(dimethylamino)naphthalene)-1-sulfonamido)-N-(thiophen-2-

ylmethyl)benzamide (L6): 

To 5 mL dry pyridine was added intermediate 5 (0.250 g, 1.08 mmol, 1.0 eq.) and dansyl chloride 

9 (0.348 g, 1.29 mmol, 1.2 eq.). The reaction mixture was stirred at r.t for 48 h (until exhaustion of 5). 

TLC – DCM, x2. Workup: the reaction mixture was diluted with 70 mL DCM and consequently 

washed with 2N HCl (x1) and water (x2). The organic phase was dried over anhydr. Na2SO4 and 

evaporated in vacuo to dryness. The crude product was purified by column chromatography: 70 g 

silica; phase DCM:MTBE=100:1. After column product was washed with 3 ml hot PE, cooled, 

decanted, and dried in vacuo yielding 0.350 g (70%) of compound L6 as yellow powder. M.p. 210-

211°C. 1H NMR (600 MHz, CDCl3) δ 11.18 (s, 1H), 8.48 (dt, J = 8.5, 1.2 Hz, 1H), 8.38 (d, J = 8.7 Hz, 1H), 

8.26 (dd, J = 7.3, 1.3 Hz, 1H), 7.60 (dd, J = 8.4, 1.1 Hz, 1H), 7.55 (dd, J = 8.7, 7.6 Hz, 1H), 7.44 (dd, J = 8.5, 

7.3 Hz, 1H), 7.29 (ddd, J = 8.6, 7.4, 1.5 Hz, 1H), 7.26 – 7.21 (m, 2H), 7.14 (d, J = 7.3 Hz, 1H), 6.96 (d, J = 

3.4 Hz, 2H), 6.90 (td, J = 7.6, 1.1 Hz, 1H), 6.20 (t, J = 5.4 Hz, 1H), 4.55 (d, J = 5.5 Hz, 2H), 2.84 (s, 6H). 

13C NMR (151 MHz, CDCl3) δ 167.89, 151.70, 139.60, 138.91, 134.63, 132.66, 130.69, 130.08, 129.76, 

129.54, 128.37, 127.04, 126.63, 126.58, 125.63, 122.97, 122.83, 120.37, 119.94, 119.18, 115.25, 77.23, 77.02, 

76.81, 45.41, 38.57 (Figures S6-1 to S6-16). ESI-MS: [M+H]+ for C24H24N3O3S2= 466.1253 (-0.1 ppm). 

Calculated [M+H]+ for C24H24N3O3S2 = 466.125360. 

2.2.. Spectrophotometric and spectrofluorometric measurements 

The spectroscopic characterizations and titrations were performed using stock solutions of the 

compounds (ca. 10−3 M), prepared by dissolving the appropriate amounts of each compound L1-L6 

in acetonitrile, chloroform, dimethyl sulfoxide, tetrahydrofuran, and ethanol. The studied solutions 

were prepared by appropriate dilution of the stock solutions up to 10−5–10−6. Titrations of compounds 

L1-L6 were carried out in acetonitrile by the addition of microliter amounts of standard metal 

solutions of Zn2+, Ag+, Hg2+ and Cu2+ in acetonitrile and HCl and NH3 in H2O. The complexation 

constants for the interaction of ligands L1 to L6 in the presence of Hg2+ and Cu2+ metal ions were 

calculated using the HypSpec software [10]. 
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Luminescence quantum yield of compounds L1-L6 was measured using a solution of Acridine 

Yellow [φ = 0.37] [11,12] in ethanol as standard. All measurements were performed at 298 K.  

2.3.. Dye doped PMMA Polymeric films 

The doped polymer films were obtained at room temperature by dissolving 100 mg of PMMA 

in 5 mL of chloroform, followed by the addition of 1 mg of each compound L1-L6, previously 

dissolved in 1 mL of chloroform. The polymer films were obtained after slow evaporation at room 

temperature (24 h). 

2.4. Acidity Assays 

The reactivity and resistance of the dye-doped polymers to HCl and vapours were tested by 

dipping the polymer in a 2-12 M gradient and into vapours of concentrated HCl. The reproducibility 

of the dye-doped polymers was proved by continuous emersion of the polymers in HCl and ammonia 

for ten cycles. The changes in the polymers were spectroscopically analyzed. 

3. Results and Discussion 

3.1. Synthesis 

A series of six dansyl derivatives L1-L6 were prepared (Schemes 1–3), and their photophysical 

properties were examined in current investigation. According to databases, five of them are new. 

Only compound L1 was obtained earlier, in a publication concerning the development of new method 

for the synthesis of sulfonamides from benzylic alcohols [13]. However, the photophysical properties 

of this compound were not subjected to further studies. 

The synthesis of four intermediates 4, 5 and 8 from commercially available reagents was 

performed (Scheme 1). These intermediate products were obtained quantitatively and used in the 

next steps for the synthesis of the target compounds. Compound 4 was prepared under basic 

conditions, through a reaction between anthranilic acid (1) and thiomorpholine in the presence of 

coupling reagent TBTU. Amide 5 was prepared in a similar manner from 1 and amine 3. Amide 8 

was obtained also by selective acylation of diamine 6 with sulfochloride 7 (Scheme 3). The coupling 

reactions occur selectively towards the aliphatic amino group, which is not unusual [14]. Thus, due 

to stronger nucleophilicity of aliphatic amino groups in reagents 2, 3 and 6 there is no need for 

protection of the aromatic groups of 1 and 6. Amides 4, 5 and 8 were observed as single-step reaction 

products. 

 

Scheme 1. Synthetic approach to the preparation of intermediates 4, 5 and 8. 
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Intriguingly, the preparation and structural characterization of 4 [15] and 5 [14,16–19] was 

already described in some studies. However, different synthetic methods were employed – 

aminolysis of isatoic anhydride with amines 2 and 3, respectively. The preparation of intermediate 

12 starting from commercially available dansyl chloride (9) and diamine 6 (Scheme 3) was performed 

by implementation of an existing protocol [20]. 
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Scheme 2. Synthetic approach to the preparation of the target compounds L1-L4 and L6. 

The synthesis of amide L1 (Scheme 2) was accomplished by one step acylation of amine 3 with 

9 in the presence of DIPEA. Other target compounds (L2-L4 and L6) were prepared by acylation of 

the above-mentioned intermediates (4, 5 and 8) or the commercially available amine 10 with dansyl 

chloride (9) in dry pyridine. The reaction outcome was monitored using TLC until starting reagents 

exhausted. Compound L5 was prepared by addition of methyl isothiocyanate to intermediate 12 in 

refluxing methanol (Scheme 3), as Ambati et al. described for similar compounds [21]. All target 

compounds L1-L6 were obtained quantitatevely. Due to steric hindrance (as in the case of compound 

L2) or possible tautomerism (in the case of L5), NMR spectra of both compounds at room temperature 

were not enough informative. Thus, they were performed at 353 K aiming to obtain narrow signals. 

 

Scheme 3. Synthesis of intermediate 12 and target compound L5. 

3.2. Photophysical studies 

The absorption and emission spectra of all six dansyl derivatives L1-L6 were studied in five 

different solvents, namely, DMSO, CH3CN, EtOH, THF and CHCl3 at 298 K (Figures S8–S13). 

Additionally, the emission solid state spectra were also obtained for these derivatives. The main 

results are summarized in Figure 1 and Table 1. 

Table 1. Spectroscopic polarity parameters, physical properties of the different solvents. εr: relative 

permittivity; η: refractive index; α: the solvent’s HBD acidity; β: the solvent´s HBA basicity; π*: the 

solvent´s dipolarity/polarizability. 

Solvent εr α β π* η 

DMSO 47.24 0 0.76 1.00 1.47 

CH3CN 35.94 0.19 0.40 0.66 1.34 

EtOH 24.30 0.86 0.75 0.54 1.36 

THF 7.58 0 0.55 0.58 1.40 

CHCl3 4.89 0.20 0.10 0.69 1.44 

Selecting acetonitrile as a representative solvent, all compounds exhibited an absorption band 

at 341 nm, 345 nm, 320 nm, 345 nm, 337 nm, 333 nm, from L1 to L6, characteristic of the π - π* transition 

of the dansyl chromophores. These compounds appear colorless to the naked eye. However, upon 

emission, they display a pronounced yellow emission, with maximum bands at 519, 528, 535, 530, 520 

and 528 nm, from L1 to L6, respectively. Specifically, L2, L3, L4 and L6, which have a benzene unit 

directly attached to the dansyl unit, do not exhibit significant changes were observed in the excited 

state, with maximum emission value ca. 528-530 nm. The same was not verified in the ground-state 

where the increase of donor atoms and side chain length promotes a red shift in the maximum bands, 

ranging from 320 nm to 345 nm. In contrast, L1 and L5, which have a spacer between the dansyl 

chromophores, showed a blue shift of ca. 10 nm in the emission bands (ca. 519-520 nm), but no 

significant changes in the absorption. 

For solid-state emissions, L4 and L5 produced emission bands at a longer wavelength (ca. 500-

505 nm) than the other compounds (ca. 478-486 nm), probably due to their higher number of donor 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 December 2023                   doi:10.20944/preprints202312.1441.v1

https://doi.org/10.20944/preprints202312.1441.v1


 10 

 

atoms. L1 and L5 demonstrate the highest fluorescence quantum yield (φ =ca. 35-36%), suggesting 

that the introduction of a spacer might stabilize these molecules in their excited state. 

An intriguing observation was the solvatochromic effect in various solvents. As solvent polarity 

increased, a change in emission color from yellow to green was noted. This change was due to a red 

shift in the maximum emission bands, varying from 496 to 522 nm for L1, 499 nm to 540 nm for L2, 

503 to 536 nm for L3, 504 to 533 nm for L4, 500 nm to 524 nm to L4 and 497 nm to 537 nm for L6, 

respectively. In the absorption no significant correlation is identified. 

 

Figure 1. (A) Chemical structures of dansyl-derivatives L1-L6. (B) Images of L1-L6 under a UV light 

lamp. Polarity decreasing from DMSO to CHCl3. 

Based on previous studies from our group it is evident that solvents with greater polarity 

significantly influence the stability of molecules. From the observed shifts, all compounds display a 

pronounced positive solvatochromic effect, suggesting enhanced stabilization of their excited state in 

highly polar solvents. This behavior provides an opportunity to stimulate the properties of the 

compound’s microenvironment, offering potential applications in determining the local polarity in 

membranes, proteins, DNA [22]. Furthermore, this phenomenon can be valuable in understanding 

the characteristics of ionic liquids or mixed solvents and hold importance in the textile industry [23].  

Table 2. Photophysical characterization data of dansyl derivatives L1-L6 in the different solvents. 

Cpd. Solv. 
λabs 

[nm] 

λem 

[nm] 

ε 

[103 cm-1 M-1] 

Stokes shift 

[cm-1] 

λem.solid 

nm] 

Φ 

(%) 

Brightness (ε X ϕ) 

[cm-1 M-1] 
t[ns] 

L1 

DMSO 337 522 5.765 54054 

484 

22 1291 17 

CH3CN 341 519 5.531 56179 35 1941 10 

EtOH 335 516 4.873 55248 31 1506 13 

THF 334 498 4.969 60975 21 1048 12 

CHCl3 345 496 4.721 66225 35 1671 14 
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L2 

DMSO 353 540 5.950 53475 

478 

11 666 13 

CH3CN 345 528 5.519 54644 29 1606 12 

EtOH 346 520 4.983 57471 38 1913 13 

THF 334 504 5.201 58823 39 200 13 

CHCl3 345 499 5.204 64935 37 1951 15 

L3 

DMSO 340 536 5.397 51020 

486 

10 550 13 

CH3CN 320 535 5.454 46511 28 1538 11 

EtOH 340 531 5.052 52356 32 1596 11 

THF 339 511 4.921 58139 32 1555 13 

CHCl3 346 503 4.057 63694 32 1282 15 

L4 

DMSO 343 533 4.254 52631 

505 

21 914 15 

CH3CN 345 530 4.471 54054 27 1211 10 

EtOH 345 522 3.780 56497 17 646 13 

THF 343 502 4.653 62893 27 1261 13 

CHCl3 345 504 4.482 62893 29 1313 15 

L5 

DMSO 339 524 4.640 54054 

500 

30 1378 17 

CH3CN 337 520 5.674 54644 36 2048 11 

EtOH 338 515 3.968 56497 22 877 13 

THF 337 497 4.940 62500 26 1304 13 

CHCl3 343 500 0.3593 63694 34 1210 15 

L6 

DMSO 347 537 4.279 52631 

486 

17 740 14 

CH3CN 333 528 4.817 51282 28 1354 11 

EtOH 329 525 7.164 51020 17 1189 13 

THF 341 501 4.370 62500 29 1280 13 

CHCl3 341 497 4.782 64102 34 1616 14 

To quantitatively understand the interactions between solute and solvent, a multiparametric fit 

using the Kamlet-Taft equation was carried out (Equation 1). This equation enabled the 

determination of certain solute-dependent parameters which relate to solvent properties such as 

hydrogen bond donating (HBD) acidity (α), hydrogen bond accepting (HBA) basicity (β), and the 

solvent's dipolarity/polarizability (π∗). 
 = ଴ +  𝑎𝛼 + 𝑏𝛽 + 𝑝𝜋∗ (1)

here ଴ is the value of emission in a reference solvent. (see Table 1) [23]. 

Table 3 shows the fitted parameters (υ0, a, b and p), the slope and correlation coefficients based 

on the fitting linear plots of υexp. versus υcalc. 

Table 3. υ0, a, b and p-values, in cm−1, slope and correlation coefficients obtained from Kamlet–Taft 

multiparametric fitting of the emission data. 

 υ0 a b p Slope R2 

L1 33032 -533 -4770 -17808 1.00 1 

L2 35386 -350 -5804 -21300 1.00 1 

L3 35354 -432 -6116 -21414 1.00 1 

L4 35581 -638 -5444 -21838 1.00 1 

L5 32841 -629 -4363 -17796 1.00 1 

L6 36665 -672 -6248 -22877 1.00 1 

Analysis of the results in Table 3, clearly evidences that the solvatochromic effect is essential due 

to higher sensitivity to H-bond acceptor (or electron donor) strength of the solvents, as can be 

observed in the b values, with one-order of magnitude higher than a, respectively. However, the 

values indicate an even stronger influence of the solvent’s dipolarity/polarizability with p values with 

one and two orders of magnitude higher than a. Thus, electronic interactions (polarity and 
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polarizability) and hydrogen bond accepting behavior of the solvent play a dominant role compared 

to its hydrogen bond donating character. 

3.3. Metal sensing ability  

The sensorial ability of dansyl derivatives L1-L6 towards Zn2+, Cu2+, Hg2+, Ag+ metal ions in 

acetonitrile, was evaluated by titrating the free ligand with small amounts of the metal ions. The 

absorption and emission spectra were collected at 298 K until reaching a plateau. From all studied 

metal ions, all dansyl derivatives showed to only sense Cu2+ and Hg2+ metal ions, as already verified 

in our previous studies [5,6]. The spectral behavior was quite similar between ligands, thus as a 

representative example the dansyl derivatives L1 and L5 were selected. L5 despite less intensive also 

revealed sensibility to Ag+ metal ions. Titrations with the other ligands are presented in 

Supplementary Material (Figures S14–S18). Figure 2 shows the absorption and emission spectral 

changes of L1 upon coordination with Cu2+ metal ions, in acetonitrile. When increasing of Cu2+ and 

Hg2+ concentration similar spectral behavior in the absorption is noticed, resulting on a decrease in 

the absorption at 341 nm from both, and an increase in the absorbance at 298 nm and 287 nm for Cu2+ 

and Hg2+, respectively. The emission spectra a fast decrease in the emission intensity at 519 nm is 

detected in both cases. Cu2+ metal ions, as a paramagnetic transition metal ion has unfilled d orbital 

shells. This characteristic makes it particularly susceptible to the chelation enhancement of quenching 

(CHEQ effect). The causing mechanisms driving this effect can be electron transfer or energy transfer. 

 

Figure 2. Spectrophotometric and spectrofluorometric titrations of dansyl derivative L1 with 

increased additions of Cu2+ (A, B), and Hg2+ (C, D) in CH3CN. The inset represents the absorption (A, 

C) and emission (B-D) as a function of [Cu2+]/[L1] and [Hg2+]/[L1], respectively. [L1] = 20 µM, λexcL1=341 

nm, T = 298 K). 
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Conversely, Hg2+ presents a unique case. While it is a diamagnetic metal with a filled d10 

configuration, its quenching behaviour is not analogous to typical diamagnetic ions. The primary 

reason could be Spin-Orbit coupling due to its large atomic number, causing more predominant non-

radiative deactivation pathways, which can also be induced by the formation of heavy atom 

complexes [24–26].  

Figure 3 presents the absorption and emission titrations of L5 in response to the addition of Cu2+, 

Hg2+ and Ag+ metal ions. The spectral patterns observed are consistent with those seen for the other 

ligands, with a notable exception for Ag+ where a quenching in the emission intensity is also detected. 

In this case, no spectral changes were observed in the ground state. The observed emission quenching 

can be attributed probably to the photoinduced electron transfer effect induced by Ag+, which is 

consistent with the L5 structure where the number of nitrogen atoms is higher. 
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Figure 3. Spectrophotometric and spectrofluorometric titrations of dansyl derivative L5 with 

increased additions of Cu2+ (A, B), Hg2+ (C, D), and Ag+ (E, F) in CH3CN. The inset represents the 

absorption (A, C) and emission (B-D) as a function of [Cu2+]/[L1] and [Hg2+]/[L1], respectively. [L1] = 

20 µM, λexcL2=337 nm, T = 298 K). 

In order to provide more insights into the interactions between the dansyl derivatives L1-L6 with 

the tested metal ions and quantify the strength of these interactions, their stability constants were 

determined using the HypSpec program [10]. The summarized results are presented in Table 4.  

Table 4. Stability association constants and stoichiometry for the complexes formed from L1 to L6 

with Cu2+, Hg2+, Ag+ ions, in CH3CN. 

Compounds (L) Metal (M) Association constants (LogKass.) L:M 

L1 
Cu2+ 7.22±0.06 1:1 

Hg2+ 9.10±0.01 1:1 

L2 
Cu2+ 10.54±0.01 1:1 

Hg2+ 8.96±0.01 1:1 

L3 
Cu2+ 11.40±0.02 1:1 

Hg2+ 9.44±0.01 1:1 

L4 
Cu2+ 5.34±0.01 1:1 

Hg2+ 5.76±0.01 1:1 

L5 

Cu2+ 5.92±0.01 1:1 

Hg2+ 5.20±0.01 1:1 

Ag+ 5.30±0.01 1:1 

L6 
Cu2+ 7.15±0.02 1:1 

Hg2+ 5.67±0.01 1:1 

The stability constants indicate the formation of mononuclear species for Cu2+ and Hg2+ in the 

case of L1-L6 and also for Ag+ in the case of compound L5. Notably, L3 exhibits the highest stability 

constant among the derivatives with a value of LogKass. = 11.40±0.02 for its interaction with Hg2+. We 

can observe that compounds L1, L2, and L3 exhibit higher stability constants towards Cu2+ and Hg2+ 

than compounds L4, L5 and L6. These results are in agreement with other dansyl derivatives studied 

previously in our group, being Hg2+ or Cu2+ the higher values observed. 

The acid-base properties of all dansyl derivatives were also evaluated. While consistent results 

were observed across all compounds, Figure 4 specifically depicts the behavior of L1 when treated 

with HCl and ammonia. Detailed results for the other derivatives are available in the Supplementary 

Material (Figures S19-S22). The addition of acid produces a decrease in the absorption at 345 nm, as 

well as, in the emission intensity at 519 nm. Conversely, when ammonia is added, the opposite is 

observed with an increase in the absorption band at 345 nm, which is accompanied by a rise, ca. 60% 

in the emission intensity of L1. 

Having in mind these results, the acid-base responsive dansyl derivatives were introduced into 

PMMA polymers offering several applications, such as environmental. 
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Figure 4. Spectrophotometric and spectrofluorometric titrations of dansyl derivative L1 with 

increased additions of HCl (A, B), and ammonia in CH3CN. [L1] = 20 µM, λexcL1=345 nm, T = 298 K). 

3.4. Low-cost dye-doped PMMA polymers: detection of acidic environments  

Incorporation of acid-base responsive dansyl derivatives into polymers can transform them into 

smart, adaptive materials with a broad range of potential applications in sensing, electronic, 

healthcare, among others. The creation of a polymer acid-base sensitive to environment can be crucial 

in applications where pH monitoring or sensing is essential. 

PMMA polymers doped with compounds L1-L6 were successfully synthetized. All doped 

polymers from L1 to L6, except for L5, showed to be sensitive to acid-base environment (see 

Supplementary Material: Figure S23). Figure 5 shows the results obtained for L1, as a representative 

case. As the first approach, the L1@PMMA polymer was immersed into a concentrated solution of 

HCl, and at each 5 minutes an emission spectrum was recorded. Afterwards, other polymer was 

submitted to HCl vapours, and the emission spectra taken at each 20 minutes. The doped polymers 

have all an initial strong blue emission, which was progressively decreasing in both acidic 

environments. It is interesting to note, that in solution in general all compounds have a green 

emission, but when incorporated into a PMMA such emission suffers a blue shift, emitting 

consequently a blue color. As previously seen these compounds are highly influenced by the 
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surrounding solvent molecules, affecting their electronic properties. In a solid polymer matrix, the 

local environment is different, the polymer is a more rigid structure causing changes in the molecular 

conformation or restricting the rotational and vibrations of the molecule, affecting the electronic 

transitions and thus its emission wavelength. 

 

Figure 5. (A) Emission spectra of successive immersion of L1 doped PMMA polymer film in a 

concentrated HCl solution (5m in 5min). (B) Emission spectra of exposure of L1 to HCl vapours (20m 

in 20m), T = 298 K. Images under a UV lamp (C) and emission spectra (D) of L1 immersion in the HCl 

concentrations from 0 to 12 M, λexcL1=345nm. 

In the second approach, the doped polymers were dipped in a 2-12 M gradient of HCl solutions 

(Figures 5 C,D and S24). By emission, it is possible to verify the doped polymer response at the lowest 

HCl concentration 2 M, with a reduction in the emission signal of ca. 25%. Visually under a UV lamp, 

a result is verified after 4 M, with a total absence of emission at 12 M. The reproducibility of the dye-

doped polymers was proved by continuous emersion of the polymers in HCl and ammonia for 

different cycles (See Supplementary Material: Figure S25). 

4. Conclusions 

The synthesis and characterization of six dansyl derivatives have led to the creation of 

innovative sensing materials when incorporated into PMMA polymers. These compounds exhibited 

a positive solvatochromic effect, causing a shift in emission colour from yellow to green as solvent 

polarity increased, accompanied by red-shifts of 30-40nm in emission maximum wavelength. The 

studies towards metal ions revealed the sensitivity of these compounds to Cu2+ and Hg2+, with 
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complete emission intensity quenching upon the addition of no more than 2 equivalents of each 

metal. The acid-sensing studies conducted showed that all six compounds, except L3, hold 

substantial potential for developing cost-effective systems to detect acidic environments. They 

displayed significant emission intensity quenching and recovery when titrated with HCl and NH3, 

respectively, in solution. In PMMA polymer matrices, gradual intensity reductions were observed 

after successive immersions in HCl and exposure to HCl vapours, and these systems exhibited good 

emission intensity reversibility after ten cycles, underscoring their reusability.  

Thus, these materials demonstrate a potent combination of solvatochromism, selective metal ion 

sensing, and acid-base responsiveness. Moreover, this work highlights the compounds' sensitivity to 

environmental changes, particularly in detecting metal ions and pH variations.  

The integration into polymers not only enhances the practical utility of the dansyl derivatives 

but also opens new avenues for their application in environmental monitoring and bioanalytical 

chemistry. Future work could explore further functionalization to enhance their sensitivity and 

selectivity, paving the way for more robust and versatile sensing platforms. 

Supplementary Materials: Supplementary material regarding compounds' physical and photophysical 

characterization, sensing ability towards metal ions, acid-base titrations, and sensorial ability of dye-doped 

polymers with acids and bases can be downloaded at the website of this paper posted on Preprints.org. 
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