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Abstract: A novel rhodamine-6G derivative RdN was synthesized by condensing rhoda-

mine glyoxal and 3-hydroxy-2-naphthoic hydrazide using a microwave irradiation-as-

sisted reaction. Colorimetric and photophysical studies have demonstrated that the mol-

ecule produced can selectively sense Pb2+ and Cu2+ ions in a solution of CH3CN/H2O (9:1, 

v/v). The spirolactam ring of RdN opens upon complexation with the cations, forming a 

highly fluorescent complex and a visible color change in the solution. The compound RdN 

was further studied with the help of computational methods such as the Density Func-

tional Theory (DFT) method and time-dependent density theory (TD-DFT) calculations to 

study the binding interactions and properties of the molecule. DFT calculations and job 

plot data supported the 2:1 complex formation between RdN and Pb2+/Cu2+. The limit of 

detection for Pb2+ was determined to be 0.112 µM and 0.130 µM for Cu2+. The probe RdN 

was applied to the image of Pb2+ and Cu2+ ions in living cells and is safe for biomedical 

applications. It is used to monitor Pb2+ in environmental water samples. 

Keywords: microwave-assisted synthesis; rhodamine 6G; colorimetric; fluorescence; 

probe; computational; bioimaging 

 

1. Introduction 

Due to the importance and toxicity of heavy metal to living organisms, there is a 

great demand for developing sensors for sensing and quantifying heavy metal ions in 

biological and environmental samples [1]. Lead is considered a hazardous metal ion; even 

deficient concentrations of Pb2+ exposure is irreversible and can cause a long-lasting dan-

ger to human health [2–5]. The U.S. Environmental Protection Agency sets the maximum 

contamination level for lead in drinking water at 15 µgL−1 [6]. Conversely, copper is an 

essential element in humans and is available at low levels in various tissues and cells, with 

higher amounts in the liver [7]. Excess copper ions in the cytoplasm can cause Alzheimer’s 

[7] and Parkinson’s disease [8]. Therefore, simple and cost-effective lead and copper ions 

detection methods in environmental and biological samples are essential. Fluorescent 

sensing is preferable to other methods because of its sensitivity and simplicity [8]. Several 

probes for Pb2+ [1–5] and Cu2+ [7–10] ions were investigated; however, problems and chal-

lenges exist. Most limitations include target ions’ selectivity, sensitivity, water solubility, 

and tedious synthetic procedures. 
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The rhodamine framework is ideal for building fluorescent probes due to its fluores-

cence on/off mechanism, which controls the interconversion between the non-fluorescent 

spirolactam and the ring-opened fluorescent tautomer. This structural change has been 

widely applicable for many years and used as a recognition mode to construct colorimet-

ric and fluorescent probes [14–19]. Fluorescence turn-on probes for Pb2+ based on rhoda-

mine derivatives in living cells are still a very active and significant challenge now and in 

the future. Many investigators are still searching for simple, more stable, convenient, and 

effective rhodamine derivatives. 

Considering these, this paper synthesized a 3-hydroxy-2-naphthoic hydrazide-mod-

ified rhodamine 6G derivative, RdN. It is a highly Pb2+ and Cu2+ selective and sensitive 

colorimetric and fluorescent probe in aqueous solution and living cells. The synthesis 

route of the proposed compound RdN is shown in Scheme 1. 

 

Scheme 1. Microwave irradiation-assisted synthesis of RdN. 

2. Results and Discussion 

2.1. Photophysical Studies 

The detection ability of RdN was investigated by UV/Vis’s absorption and fluores-

cence spectroscopy. The optical properties of RdN towards different cations were exam-

ined in the absence and presence of various metal ions such as Na+, K+, Mg2+, Ca2+, Fe3+, 

Ni2+, Cu2+, Cd2+, Pb2+, Al3+, Cr3+, and Zn2+ in CH3CN/H2O solution (9/1 v/v, Tris-HCl buffer, 

pH = 7.2). The metal ion detection studies showed that RdN is very sensitive and selective 

towards Pb2+ and interference from Cu2+. As shown in Figure 1a, the rhodamine-based 

sensor demonstrates a characteristic peak of the spirolactum ring-opened amide form at 

530 nm with a shoulder at 490 nm. The new absorption band increases gradually and is 

saturated at two equivalents of Pb2+ ions, as shown in Figure 1b. However, probe RdN 

exhibited distinguishable naked-eye sensing properties toward Pb2+ and Cu2+. The optical 

photographs under 350 UV light indicated a noticeable fluorescence emission change, as 

shown in Figure 2. 
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Figure 1. (a) UV-Vis absorption spectra of RdN (10µM) with various cations. (b) UV-Vis absorption 

titration of RdN (10µM) with Pb2+ (0–20µM) in acetonitrile-water (9:1 v/v) buffer solution. 

 

Figure 2. The visual color of sensor RdN (a) and the fluorescence under UV illumination after add-

ing various metal ions (b). 

 

Figure 3. (a) Job’s plot analysis of RdN versus Pb2+ at a total concentration of 10µM. (b) Job’s plot 

analysis of RdN versus Cu2+ at a total concentration of 10µM. 

The fluorescence changes of RdN were investigated in the same CH3CN/H2O solu-

tion upon adding various metal ions. As shown in Figure 4a, the sensor RdN alone is non-
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fluorescent when excited at 490 nm. The study revealed that the interaction of Pb2+ and 

Cu2+ induced a significant fluorescent enhancement at 560 nm. The change in fluorescence 

intensity is attributed to the ring-opened spirolactam amide form of RdN that binds with 

the ions. The fluorescence titration of RdN was carried out with the subsequent addition 

of Pb2+, and a steady increase in emission intensity was observed at 560 nm, as illustrated 

in Figure 4b. The unique selectivity of RdN to Pb2+ may be due to the combination of the 

size effect and the Hard-Soft principle [15]. Based on the 3δ/S (δ: standard deviation; S: 

slope) formula, the detection limits of RdN for Pb2+ and Cu2+ were determined to be 0.112 

µM and 0.130 µM, respectively, from the titration plot of the absorbance. The standard 

deviation was determined by measuring the blank solution 10 times (n = 10). These results 

signified that RdN could operate as a “turn-on” type fluorescent sensor for both metal 

ions. The results are compared with reported literature in Table 1. The effect of pH on the 

fluorescence of RdN was investigated in a pH range of 3 to 11. For free RdN at pH < 5, as 

shown in Figure 5a, the open ring of spirolactum became protonated, which caused an 

evident change in color and an increase in fluorescence intensity. Therefore, all measure-

ments were performed in a buffer solution with a pH of 7 to maintain the sensor in ring-

closed form. The addition of various anions (CH3COO−, N3−, HSO4−, CN−, S−2, ClO3−, NO2−, 

CO32−, F−, Cl−, and Br) to the RdN-Pb2+ (1:1) solution, of which cyanide (CN−) alone 

quenches the fluorescence intensity. The results strongly support the idea that RdN-Pb2+ 

binds CN− ions with high selectivity, and the process demonstrates reversibility of the 

sensor, as shown in Figure 5b. The proposed binding mechanism of the sensor with Pb2+ 

with and without CN− is shown in Scheme 2. 

The fluorescence lifetime of the sensor RdN with Pb2+ was examined to confirm the 

sensor’s photophysical properties. The binding of Pb2+ in the sensor RdN had a significant 

impact on the lifetime of the rhodamine derivative. The experiment showed second expo-

nential characteristics in the free RdN and RdN-Pb2+ complexes. As shown in Figure S1, 

the RdN-Pb2+ complex had the highest longevity compared to the free rhodamine deriva-

tive RdN. Lead (II) ions influence a rhodamine-based molecule’s time in the ground and 

excited states before emitting a photon. 

 

Figure 4. (a) Fluorescence spectra of RdN (5µM) with cations (λexc: 490 nm). (b) Fluorescence emis-

sion titration of RdN with Pb2+ (0–15µM) acetonitrile-water (9:1 v/v) solution. 



Inorganics 2024, 12, x FOR PEER REVIEW 5 of 16 
 

 

 

Figure 5. (a) Effect of pH on fluorescence intensity of sensor RdN (10µM) (b) Fluorescence spectra 

of RdN-Pb2+ complex (1:1) in the presence of various anions (Cl−, Br−, F−, CH3COO−, HSO4−, CN−, 

ClO3−, NO2−, S−2, N3−, CO32−). 

 

Scheme 2. The 1:2 binding stoichiometry of lead/copper ions and reversibility of CN- on RdN-cation 

complex. 

Table 1. Analytical performance of the probe RdN compared to other previously published Pb2+ 

probes. (HEPES:4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) 

Sensor Media Reversible LOD (µM) Detected cation Refs. 

Rhodamine B CH3Cl: THF Yes - Pb2+ [16] 

Rhodamine B EtOH:HEPES  No 0.86 Pb2+/Al3+ [17] 

Rhodamine 6G HEPES No 0.0027 Pb2+ [18] 

Rhodamine 6G C2H5OH: H2O Yes 0.016 Pb2+/Hg2+/Cd2+ [19] 

Imidazoquinazoline CH3CN: H2O Yes 0.69 Pb2+Fe3+ [20] 

Coumarin CH3CN: HEPES No 0.50 Pb2+ [21] 
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This work 

2.2. Sensing Mechanism 

The sensor RdN solution transitioned from colorless to yellow and pink interaction 

with Pb2+ and Cu2+. This phenomenon is due to the characteristic spirocyclic opening of 

the rhodamine 6G derivative, which results in the coordination of Pb2+ and Cu2+ ions. We 

conducted an analysis using a jobs plot through absorbance measurements to ascertain 

the binding mode between sensor RdN and Pb2+, as well as Cu2+. The highest absorbance 

at 530 nm was recorded when the mole fraction of Pb2+ and Cu2+ was close to 0.3, as shown 

in Figures 3a and 3b. The results suggest that Pb2+ and Cu2+ bind to RdN in a 1:2 stoichi-

ometry. FTIR analysis further confirmed the sensor’s complex formation with Pb2+ and 

Cu2+. In a sensor, the imine bond, -C=N-, stretching frequency, and C=O starching fre-

quency appeared at 1640 cm−1 and 1725 cm−1, respectively. After interacting with Pb2+ and 

Cu2+ions to the receptor RdN, these peaks diminished due to the metal ions’ direct binding 

to the carbonyl oxygen of the rhodamine group and imine bond nitrogen, as shown in 

Figure 6. The theoretical studies of the sensor and metal ion binding also confirm the co-

ordination of Pb2+ and Cu2+ to the receptor. 

 

Figure 6. FTIR spectra of free RdN and in the presence of Pb2+ and Cu2+ ions. 

2.3. Environmental Analysis 
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Environmental samples, such as lake, river, pond, and municipal tap water, were 

used to assess the applicability of RdN for determining Pb2+. River and tap water were 

collected from the Morgan State University campus, and pond and lake water were col-

lected from Hillcrest Park Pond and Lake Roland. The samples were filtered and spiked 

with a standard solution of Pb2+ at concentrations of 3 µM and 6 µM to be analyzed by 

UV/Vis’s spectroscopy. The quantified concentrations for the tap water were 2.991 µM 

and 5.985 µM; river water 2.986 µM and 6.021 µM; lake water 3.021 µM and 5.986 µM; 

and pond water samples 2.987 µM and 5.988 µM. The percentage of spiked Pb2+ recovered 

from the water sample ranged from 99.5% to 100.7%, with a relative standard deviation 

(RSD) of less than 1.00%, as indicated in Table 2. These remarkable recoveries and RSD 

demonstrate the successful detection of the spiked Pb2+ ions by the sensor RdN. The re-

sults confirm the sensor RdN’s capability in determining Pb2+ in environmental water 

samples. 

Table 2. Lead (Pb2+) determination in environmental water samples. 

Water sample Spiked (µM) Found (x ̅a ±SDb) (µM) Recovery (%) RSD* (%), n = 3 

Tap water 3.0 2.991 ± 0.006 99.7 0.20 

  6.0 5.985 ± 0.009 99.8 0.15 

River water  3.0   2.986 ± 0.008 99.5 0.27 

  6.0 6.021 ± 0.008 100.4 0.13 

Lake water 3.0   3.021 ± 0.004 100.7 0.13 

  6.0 5.986 ± 0.009 99.8 0.15 

Pond water 3.0   2.987 ± 0.075 99.6 2.51 

  6.0 5.988 ± 0.078 99.8 1.30 

a Mean of three individual measurements. b SD: standard deviation. * RSD: relative standard devi-

ation. 

2.4. Time-Dependent Density Functional Theory (TD-DFT) Investigation 

To understand better the coordination geometry of the interaction of the sensor with 

Pb+2, forming bis-(RdN)2Pb+2 complex, and said sensor with Cu+2, forming bis-(RdN)2Cu+2 

complex, Density-Functional Theory (DFT) method and time-dependent density func-

tional theory (TD-DFT) calculations were performed on these species in the gas phase and 

both simulated water and acetonitrile media using a conductor-like polarizable contin-

uum model (CPCM). Spartan ’20 and ’24 software packages provided Cartesian coordi-

nates to obtain Gaussian 09W and Gauss View 06 optimized structures for the above spe-

cies. For both Spartan and Gaussian calculations, the same level of theory, B3LYP func-

tional and basis set LanL2DZ, was employed. Vertical electronic absorptions and emission 

data obtained from this investigation provided excellent theoretical insight and support 

for the empirical results of the interactions of both Pb+2 and Cu+2 with sensor RdN. 

Sensor RdN can exist as two distinct equilibrium conformers, RdN I and RdN II 

(Scheme 3). Frequency calculations and free energy determination of both were carried 

out in all three media above to determine which equilibrium conformer is of minimum 

energy. Conformer RdN II was found to be the more stable of the two in all three media, 

owing to the presence of a stabilizing intramolecular hydrogen bond between the amide 

oxygen and the ortho-hydroxy hydrogen in the 3-hydroxy-2-naphthoic acid moiety. In 

RdN I, these two groups with anti-orientation are too far apart to interact and thus cannot 

form a stabilizing intramolecular hydrogen bond. Calculated Gaussian Standard Energies 

of Formation (E) for the two conformers revealed RdN II, in the gas phase, to be more 

stable than RdN I by 27.09 kJ/mol; in simulated water, RdN II by 6.11 kJ/mol; and in sim-

ulated acetonitrile RdN II by 4.01 kJ/mol, corresponding to equilibrium concentrations for 

RdN II of 100%, 92% and 84%, in these three media, respectfully. 
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Scheme 3. Optimized Equilibrium conformers RdN I and RdN II of Sensor RdN in the gas state 

and simulated water and acetonitrile. 

In the gas phase, the frontier molecular orbital energy gap (∆E) for RdN II is 2.93 eV 

(HOMO = −5.32 eV and LUMO = −2.39 eV). HOMO of RdN II is found along the ethereal 

anthracene moiety of rhodamine glyoxal, while LUMO includes the 3-hydroxy-2-naph-

thoic acid amide, two conjugated imino groups, and the aromatic spirolactam ring moie-

ties. Upon formation of bis- (RdN II)2Pb+2 complex from 2RdN II and Pb+2 in this same 

medium, the frontier molecular orbital energy gap decreased from 2.93 eV for RdN II to 

2.11 eV for said complex (HOMO = −9.05 eV and LUMO = −6.94 eV). The HOMO of said 

complex is located over one of the two xanthene moieties, including most of both attached 

diethyl amino groups. LUMO is centered about Pb+2 in the five-membered heterocyclic 

ring, which extends to one of the naphthoic acid hydrazide moieties, as shown in Figure 

7.
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Figure 7. Optimized Structures and Frontier Molecular Orbitals of RdN II and bis-(RdN II)2 Pb+2 

complex in Gas State. 

In simulated water, the energy gap (∆E) for RdN II is 2.71 eV (HOMO = −5.39 eV and 

LUMO = −2.68 eV), and both the locations of HOMO and LUMO are unchanged from 

those observed in vacuum. The corresponding LUMO-HOMO energy gap (∆E) for bis-

(RdN II)2Pb+2 complex in simulated water is 2.35 eV, a decrease of 0.36 eV in energy from 

the sensor to complex (HOMO = −5.91 eV and LUMO = −3.56 eV). Both HOMO and LUMO 

of bis-(RdN II)2 Pb+2 complex in simulated water mirror those in the gas phase. In simu-

lated acetonitrile, the frontier energy gap (∆E) for RdN II is 2.72 eV (HOMO = −5.39 eV 

and LUMO = −2.67 eV), roughly the same frontier energy gap as in simulated water (∆E = 

2.71 eV). Both HOMO and LUMO of RdN II in simulated acetonitrile mirror the energy 

distribution of their counterparts in simulated water. Upon formation of bis-(RdN II)2Pb+2 

complex from 2 RdN II and Pb+2 in CH3CN, the energy gap (∆E) decreased by 0.36 eV, 

from 2.72 eV for sensor to 2.36 eV for complex (HOMO = 5.97 eV and LUMO = 3.62 eV). 

Also, both HOMO and LUMO of bis-(RdN II)2 Pb+2 complex in simulated CH3CN mirror 

those observed in both the gas phase and simulated water, as shown in Figure 8. 

 

Figure 8. Optimized Structures and Frontier Molecular Orbitals of RdN II, bis-(RdN II)2Pb+2 com-

plex in simulated water medium, and bis-(RdN II)2 Pb+2 complex in simulated CH3CN medium. 

On formation of bis-(RdN II)2Cu+2 complex from 2RdN II and Cu+2 in the gas phase, 

the frontier energy gap (∆E) decreased from −2.93 eV for said sensor (HOMO = −5.32 eV 

and LUMO = −6.32 eV) to −2.39 eV for said complex (HOMO = −8.71 eV and LUMO = −6.32 

eV). HOMO of bis-(RdN II)2Cu+2 is located exclusively about the naphthalene ring of one 

of the two 3-hydroxy-2-naphthoic acid hydrazide moieties. LUMO is found along one of 

the rhodamine's glyoxal moieties and does not include the attached ethyl groups of the 

two amino groups, as shown in Figure 9. On formation of bis-(RdN II)2Cu+2 complex from 

2RdN II and Cu+2 in the simulated water, the frontier energy gap (∆E) decreased from 2.71 

eV for said sensor (HOMO =  −2.68 eV and LUMO = −5.39 eV as presented earlier) to 2.64 

eV for bis-(RdN II)2Cu+2 complex (HOMO = −5.88 eV and LUMO = −3.24 eV). HOMO of 

bis-(RdN II)2Cu+2 is found exclusively along one of the two rhodamine glyoxal moieties. 

Still, it does not include the ring oxygen, while LUMO includes the spirocyclic rings and 

extends outward into the two hydrazide moieties but does not include Cu+2. In simulated 

acetonitrile, the energy gap dropped from 2.72 eV for said sensor to 2.69 eV for complex 
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(HOMO = −5.90 eV and LUMO = −3.21 eV); Both HOMO and LUMO of bis-(RdN II)2 Cu+2 

complex observed in simulated CH3CN mirror the exact positions of the frontier molecu-

lar orbitals found in simulated water, as shown in Figure 10. 

 

Figure 9. Optimized Structures and Frontier Molecular Orbitals of bis-(RdN)2Cu+2 in the Gas State. 

 

Figure 10. Optimized Structures and Frontier Molecular Orbitals of RdN II, bis-(RdN II)2 Cu+2 com-

plex in simulated water medium, and RdN II, bis-(RdN II)2 Cu+2 complex in simulated CH3CN 

medium. 

2.5. Cytotoxicity Assay 

The cytotoxicity of sensor RdN in living cells was evaluated using Methyl Thiazolyl 

Tetrazolium (MTT) assay [31]. CAD cells were seeded in triplicate in 96-well culture 
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clusters with a density of 100 µL per well at 5.0 × 104 cells/mL and incubated under the 

required conditions. A concentration gradient ranging from 125 to 4000 µg/L was used to 

prepare RdN (10 mM in DMSO) solutions, which were then washed with phosphate-buff-

ered saline. The cells were incubated for 4 h with 5.0 mg/mL MTT solution. Subsequently, 

100 µL of detergent solution was introduced into each well to dissolve the crystals formed, 

followed by measuring the absorbance at 570 nm. The cytotoxicity of RdN in CAD cells 

after 24 h was measured and presented in Figure 11. In the experiment, the toxicity of RdN 

in CAD cells was shown to be less than 15% at a dosage of 1000 µg/L. This concentration 

is significantly greater than the threshold of µmol/L Pb2+, which is considered harmful in 

biological systems [31]. Therefore, the results indicate that incubating CAD cells with RdN 

for 24 h has a minimal harmful impact. 

2.6. Cellular Imaging 

The fluorescence imaging analysis is conducted in CAD cells to examine the potential 

use of compound RdN in biological samples. After the cells were seeded on eight well-

covered glass chamber slides (ibid USA, Inc. Fitchburg, Wisconsin), they were allowed to 

adhere overnight before being imaged. The CAD cells were washed with buffer solution 

and then incubated with RdN-containing medium at a concentration of 10 µM for 30 min 

at 37o C. Then, they were supplemented with Pb2+ at a concentration of 10 µM for an 

additional 30 min. After being washed with PBS buffer, the intracellular region emits a 

significant fluorescence, as illustrated in Figure 12, and Figure 13 shows the same phe-

nomenon for Cu2+. These results indicate that the probe RdN penetrates the cell membrane 

and can be used for in vivo imaging of Pb2+ and Cu2+ in living cells. 

 

Figure 11. The compound RdN cytotoxicity study on CAD cells in 24 h. 
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Figure 12. Confocal laser scanning for bright field and fluorescence imaging in Cath-a-differentiated 

cells (a) Cath-a-differentiated cells were incubated with RdN (10 µM) for 30 min at 37 °C. (b) The 

bright-field image of cells is shown in panel a. (c) Fluorescent images of cells with 10 µM RdN and 

further incubated with Pb2+ (10 µM) for 30 min at 37 °C. (d) an overlay image of (b, c). 
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Figure 13. Confocal laser scanning for bright field and fluorescence imaging in Cath-a-differenti-

ated cells (a) Cath-a-differentiated cells were incubated with RdN (10 µM) for 30 min at 37 °C. (b) 

The bright-field image of cells is shown in panel a. (c) Fluorescent images of cells with 10 µM RdN 

and incubated with Cu2+ (10 µM) for 30 min at 37 °C. (d) an overlay image of (b, c). 

3. Experimental Section 

3.1. Materials and Instrumentation 

All solvents and reagents were received from Sigma-Aldrich (St. Louis, MO, USA), 

including 3-hydroxy-2-naphthoic hydrazide, rhodamine 6 G, glyoxal, methanol, and ace-

tonitrile, and used without further purification. The salt solutions prepared nitrate 

[Al(NO3)3, Cr(NO3)3, Zn(NO3)2, Ni(NO3)2, NaNO3, Mg(NO3)2, Pb(NO3)2, Cd(NO3)2, KNO3] 

or chlorides [CuCl2, FeCl3, CaCl2], and tetrabutylammonium anion salts. The stock solu-

tion salt cations (1 × 10−3 M), anions (1 × 10−4 M), and compound RdN (1 × 10−3 M) were 

prepared in CH3CN/H2O. The target compounds were synthesized in a CEM microwave 

reactor (CEM Corporation, Mathews, NC, USA). 1H-NMR and 13C-NMR spectra were rec-

orded using a Bruker 400 MHz spectrometer (Billerica, MA, USA). DMSO-d6 and TMS 

were used as solvents and internal standards for NMR spectra analysis. A Bruker 12 T 

Solaris FT-ICR-MS (Billerica, MA, USA) was used to record high-resolution mass spec-

trometry (HR-MS). The fluorescence and absorption spectra were recorded using a Cary 

Eclipse fluorescence spectrophotometer and an Agilent Cary 60 UV/Vis spectrometer 

(Greenwood Pl, Savage, MD, USA). 

3.2. Cytotoxicity and Bioimaging in CAD Cells 

Cath-a-differentiated (CAD) cells were used in cytotoxicity and bioimaging studies. 

Dulbecco’s Modified Eagles Medium (DMEM), 10% fetal bovine serum (FBS), streptomy-

cin medium, and 1% penicillin G were used for cell culture [11,12]. Cell cultures are main-

tained at 37 °C in a humidified atmosphere containing 5.0% CO2 [11]. A Leica STELLARIS 

5 confocal microscope (Deerfield, Illinois, USA) and BioTek Synergy H1 plate reader were 

used for fluorescence imaging and optical density studies of cytotoxicity [13]. 

3.3. Microwave-Assisted Synthesis of RdN 

The rhodamine-based derivative is synthesized according to the literature [14]. A 

synthetic step for compound RdN is depicted in Scheme 1. Rhodamine Rd1 (100 mg, 0.219 

mmol), 3-hydroxy-2-naphthoic hydrazide (46 mg, 0.219 mmol), and 2 mL methanol were 

mixed in a 10 mL reaction vial and placed in the cavity of a CEM microwave reactor. The 

reaction mixture was run under pressure and irradiated at 100 °C for 30 min. Then, the 

resulting solid was filtered and washed three times with cold ethanol. The product, the 

yellow powder, was isolated to give an 87% yield. 1H-NMR (DMSO-d6), δ (ppm): 11. 87 

(1H, s), 10.95 (1H, s), 8.26 (1H, s, J = 7.5 Hz, N=C-H); 7.85 (4H, m), 7.72 (1H, J = 7.5 Hz, d), 

7.53 (3H, m), 7.49 (1H, 7.5 Hz, t), 7.26 (1H, s, J = 7.5 Hz, H-Ar), 6.99 (1H, d, H-Ar), 6.36 (2H, 

s), 6.19 (2H, s), 5.14 (3H, m), 3.40 (4H, q, NCH2CH3), 1.86 (6H, s, -CH3), 1.19 (6H, t, 

NCH2CH3). 13C-NMR (DMSO-d6), δ (ppm): 192.76, 164.23, 153.21, 151.52, 148.77, 147.68, 

134.30, 133.52, 130.44, 129.25, 127.90, 126.60, 124.23, 123.57, 108.31, 106.36, 97.99, 66.32, 

44.08, 12.84. HRMS (MALDI): m/z Calculated for C40H37N5O4:653.2870; Found: 653.2887 

3.4. Computational Studies 

The molecule’s ground-state geometries were optimized at the density functional 

theory (DFT) level using a hybrid B3LYP level of theory, a LanL2DZ basis set in the gas 

phase, water media, and simulated CH3CN using a conductor-like polarizable continuum 
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model (CPCM). All computations were carried out using Spartan ’20 and ’24 software 

packages. 

4. Conclusions 

A colorimetric and fluorescent rhodamine-based sensor was developed to detect Pb2+ 

and Cu2+ ions in aqueous solution. Within the CH3CN/H2O (9:1, v/v) tris-HCl buffer solu-

tion, it was noticed that the sensor exhibited a greater degree of selectivity towards Pb2+ 

and Cu2+ regardless of other metal ions. The opening of the spirolactam ring, which occurs 

because of Pb2+ and Cu2+ ions, is the most crucial factor in sensing both ions. According to 

Job’s plot analysis, the stoichiometry of Pb2+ and Cu2+ binding to sensor RdN was pro-

posed to be 1:2. The detection limit of Pb2+ and Cu2+ ions was calculated to be 0.112 µM 

and 0.130 µM µM, respectively. According to cytotoxicity and confocal fluorescence im-

aging, the probe RdN can detect Pb2+ and Cu2+ in living cells. AlsoMoreover, computa-

tional studies provided computational insights with respect to the properties of RdN, bis-

(RdN)2Pb2+, and bis-(RdN)2Cu2+. 
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