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Abstract 

Arsenic is a toxic metalloid that occurs naturally in the Earth's crust. Its widespread distribution and mobility have led to extensive 
environmental contamination and adverse human health effects across numerous regions worldwide. Monitoring arsenic concentrations in 

ecosystems is crucial for mitigating potential hazards and minimizing human exposure. This research outlines the synthesis, characterization, 

and application of an innovative Schiff base Quinazoline ligand and its corresponding ternaryMn(II) complex for arsenic sensing. A manganese 
(II) coordination compound featuring a principal ligand denoted (WMS) and an auxiliary ligand Glycine (GLY) was synthesized and 

comprehensively characterized using analytical techniques such as FT-IR, UV-Vis, mass spectrometry, elemental analysis, and electrical 

conductance measurements. Thermal analysis (TGA) of the Manganese (II) complex corroborated well with the proposed formula derived from 
the analytical data. The molecular formula of the complex was determined to be [Mn(WMS)(Gly)H2O]·Cl·H2O, with the (WMS) ligand 

exhibiting tridentate chelation behavior by coordinating with the central Mn(II) ion through its two azomethine nitrogen atoms and one pyridine 

nitrogen. The (Gly) ligand bound to Mn (II) via deprotonated carboxylate oxygen and the (NH2) nitrogen, resulting in a distorted Octahedral 
geometry. In addition, Density Functional Theory (DFT) calculations are performed to determine the optimal structure of the Schiff base (WMS) 

and its Mn (II) complex. The HOMO-LUMO energy gaps, chemical hardness, and dipole moments of the (WMS) and its Manganese complex 

were also investigated. The study examined the biological roles of the (WMS) and its Mn (II) complex, specifically focusing on its antibacterial, 
antifungal, and anticancer properties. To understand the molecular interactions, we conducted molecular docking simulations to determine the 

potential binding orientations of the (WMS) and its Mn (II) complex with active sites on the receptor (3HB5). The docking analyses were 

conducted meticulously utilizing the MOE program, renowned for its robust, stiff molecular docking capabilities. Extensive characterization of 

the nano-sized Quinazoline Manganese complex involved dynamic light scattering (DLS), zeta potential analysis, x-ray diffraction (XRD), 

atomic force microscopy (AFM), BET surface area determination, and pore size analysis. The possible application of this nano-complex as a 
quartz crystal microbalance (QCM) sensor for detecting arsenic contamination in water was investigated. The sensor exhibited rapid response 

times (less than 2 minutes), excellent mechanical stability (confirmed by contact angle measurements), and consistent performance across 

varying pH and temperature conditions. This research highlights the synthesis of new arsenic-sensing material and its promising application in 
continuous environmental monitoring. Given the widespread prevalence of arsenic contamination, particularly in groundwater sources used for 

drinking and irrigation, developing sensitive and selective arsenic sensors is paramount for safeguarding public health and ecosystem integrity. 
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1. Introduction  

Arsenic, a ubiquitous metalloid, has emerged as a significant environmental concern, posing severe threats to human 

health and ecological systems worldwide. Its natural occurrence in the Earth's crust and anthropogenic activities have led to 

widespread contamination, particularly in groundwater sources used for drinking and irrigation [1,2]. The adverse effects of 

arsenic exposure range from acute toxicity to chronic diseases, including various cancers, cardiovascular disorders, and 

neurological deficits [3,4]. Consequently, developing sensitive and selective arsenic detection methods has become a priority 

for safeguarding public health and preserving ecosystem integrity [5, 6]. Schiff base complexes, derived from the condensation 

of primary amines and carbonyl compounds, have garnered substantial interest in various fields due to their remarkable 

structural diversity and potential applications [7-9]. These complexes, particularly those incorporating transition metals and 

mixed ligands, have demonstrated promising properties for sensing, catalysis, and biological activities [10, 11]. The rational 

design and synthesis of Schiff base complexes with tailored properties have opened new avenues for addressing critical 

environmental and health-related challenges. Incorporating transition metals into Schiff base complexes has yielded fascinating 

molecular architectures with unique electronic and structural features [12]. The judicious selection of metal ions and their 

coordination environments can modulate these complexes' physicochemical properties and reactivity, enabling various 

applications. Furthermore, incorporating mixed ligands, such as amino acids like glycine, can introduce additional 

functionalities and enhance the complexes' performance in specific applications [13]. Computational chemistry techniques, 
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particularly Density Functional Theory (DFT), have emerged as powerful tools for elucidating Schiff base complexes' structural, 

electronic, and reactivity properties [14-16]. DFT calculations provide valuable insights into these complexes' optimal 

geometries, charge distributions, and energy levels, facilitating the rational design of new materials [15, 16]. Mixed-ligand 

transition metal complexes, including those derived from Schiff bases, have demonstrated remarkable biological activities, such 

as antimicrobial, antifungal, and anticancer properties [17, 18]. The synergistic effects of the metal center, Schiff base ligand, 

and auxiliary ligands contribute to their potent bioactivities, making them attractive candidates for therapeutic applications [19, 

20]. Exploring the biological potential of these complexes can lead to the development of new and effective treatments for 

various diseases. Molecular docking simulations have emerged as a powerful computational technique for understanding the 

molecular interactions between potential drug candidates and their target receptors [21]. By predicting the binding orientations 

and affinities of Schiff base complexes with specific biological targets, molecular docking can provide valuable insights into 

their potential bioactivities and guide the design of more potent and selective compounds [22, 23]. Integrating Schiff base 

complexes with nanoparticles has gained significant attention due to nanomaterials' unique properties and enhanced 

performance [24, 25]. Nanoparticles exhibit a high surface-to-volume ratio, which can lead to improved reactivity, catalytic 

activity, and sensing capabilities [26, 27]. Additionally, the nanoscale size of these materials can facilitate their integration into 

various sensing platforms, enabling the development of miniaturized and highly sensitive detection systems [28]. The 

combination of Schiff base complexes and nanoparticles has shown promising results in various applications, including sensing, 

catalysis, and biomedical fields [29, 30]. Integrating nano-sized Schiff base complexes with quartz crystal microbalance (QCM) 

sensors has shown promising results for detecting various analytes, including arsenic [31, 32]. QCM sensors offer high 

sensitivity, rapid response times, and the ability to operate in real-time, making them ideal for continuous environmental 

monitoring [33, 34]. Incorporating nano-complexes with tailored properties can enhance the selectivity and sensitivity of these 

sensors, enabling accurate detection of arsenic contamination in water sources [34]. This study presents the synthesis, 

characterization, and application of an innovative Schiff base quinazoline ligand and its corresponding ternary Mn(II) complex 

for arsenic sensing. The complex, featuring a mixed-ligand system comprising the principal ligand (WMS) and the auxiliary 

ligand glycine (Gly), was comprehensively characterized using various analytical techniques. Density Functional Theory (DFT) 

calculations were performed to elucidate the complex's optimal structure, electronic properties, and chemical reactivity. 

Furthermore, the biological activities of the complex, including antibacterial, antifungal, and anticancer properties, were 

evaluated, highlighting its potential therapeutic applications. Molecular docking simulations were conducted to gain insights 

into the binding interactions between the Schiff base complex and a specific biological target receptor (3HB5) [35, 36]. The 

integration of the nano-sized quinazoline manganese complex with a quartz crystal microbalance (QCM) sensor was explored 

for the selective detection of arsenic contamination in water sources. The sensor exhibited rapid response times, excellent 

mechanical stability, and consistent performance across varying environmental conditions, showcasing its potential for 

continuous environmental monitoring. By combining experimental and computational approaches, this study aims to contribute 

to developing sensitive and selective arsenic sensing materials while exploring their biological activities and potential 

therapeutic applications. Addressing the global challenge of arsenic contamination through innovative materials and sensing 

technologies is crucial for safeguarding public health and preserving the integrity of our ecosystems. 

 

2. Experimental part. 

2.1. Experimental Procedures and Methodology. 

 

In this research, chemicals of high purity were utilized, including 4-hydrazineylquinazoline 98% and (E)-1-(2-(p-

tolyl)hydrazineylidene)propan-2-one 99% (sourced from Merck), glycine ≥99% and Manganese(II) chloride tetrahydrate ≥99% 

(MnCl2.4H2O) (procured from BDH). Absolute Ethanol (Ethyl alcohol 99,9%), an organic solvent of spectroscopic purity, was 

sourced from BDH. For all preparations, bidistilled water obtained from glass equipment was consistently used. The human 

tumor cell line, MCF-7, stored in liquid nitrogen at -180°C, was obtained from the American Type Culture Collection. 

Cultivation and maintenance of the MCF-7 tumor cell line were conducted at the National Cancer Institute in Cairo, Egypt, 

through serial sub-culturing. 

 

2.1.1. Solutions 

Reservoir solutions containing the Schiff base ligand (WMS), glycine, and their corresponding metal complex, each 

formulated at a specific concentration of 1 X 10−3 M, were created by precisely dissolving the appropriate weight in ethanol for 

Schiff base ligand (WMS), glycine (Gly), and Mn (II) complex. The conductivity of the 1 X 10−3 M metal complex solution 

was then measured. Subsequently, solutions of the (WMS) and its ternary Mn (II)complex were diluted to a concentration of 1 

X 10−4 M, utilizing precise dilution techniques from the initially prepared reservoir solutions for UV–Vis spectra measurement. 

 

2.2. Instrumentation 

Various analytical instruments and techniques were employed to characterize materials and investigate their 

properties. The CHNS-932 elemental analyzer was utilized to determine the carbon, hydrogen, and nitrogen content. Melting 

points were assessed using the triforce XMTD-3000 apparatus. Fourier transform infrared (FT-IR) spectra were generated using 

a Perkin-Elmer 1650 spectrometer with KBr disks. The molar conductance of complex solutions in DMSO was measured using 

a Jenway 4010 conductivity meter. Mass spectra were obtained via electron ionization at 70 eV on an MS-5988 mass 

spectrometer. UV-Vis absorption spectra were recorded using a Perkin-Elmer spectrophotometer. Antimicrobial studies were 

conducted at the Microanalytical Center, while cytotoxicity testing occurred at the National Cancer Institute and Cairo 

University. To characterize the nano-sized quinazoline manganese complex, particle size and surface charge were analyzed 

using a Nano Sight NS500. After sample degassing, BET surface area and pore volume were determined with a Nova Touch 
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4L surface area and pore volume analyzer. High-resolution AFM with an Oxford Jupiter XR was used to examine morphology. 

The nano-sized complex underwent sonication before AFM imaging. Thin films were synthesized via spin coating with a 

Laurell-650Sz coater under vacuum, and AFM was employed to image the films and measure roughness using a gold-tipped 

probe. Wettability was assessed using the sessile drop method with a Biolin Scientific T200 contact angle analyzer. QCM Nano 

sensors were fabricated by attaching the nano-sized quinazoline manganese complex to gold electrode quartz chips, with gold 

cleaning and baseline measurements taken before nanoparticle immobilization (Fig 1). The nano-sized quinazoline manganese 

complex has flowed over the sensors at a controlled rate. 

 

2.3. Synthesis of Quinazoline Manganese Complex and its Nano Form 

It built upon previous work synthesizing new quinazoline Schiff base (Scheme 1) [11, 37]. For synthesizing the mixed 

ligand quinazoline manganese complex, the synthesized quinazoline Schiff base ligand (WMS), the principal ligand, was 

formulated by dissolving (0.314 mmol, 0.10 g) in 40 mL of heated absolute ethanol. The secondary ligand amino acid glycine 

(Gly) (0.314 mmol, 0.02 g) was solubilized in 10 mL of heated distilled water. The chelate was formed by combining the hot 

solution of the principal quinazoline ligand (WMS) in absolute ethanol with the secondary glycine ligand in distilled water. A 

hot ethanolic solution (20 mL) of the metal salt MnCl2.4H2O (0.314 mmol) was gradually added dropwise. The resultant solution 

underwent reflux for Five hours, forming a precipitate representing the mixed ligand complex. This precipitate was collected 

by filtration and further purified through multiple washes using a combination of ethanol and water. Subsequently, it was 

desiccated under vacuum using anhydrous CaCl2. Additionally, the synthesized quinazoline manganese/glycine complex 

underwent 10 minutes of ultrasonic probe treatment to convert it to the nanoscale form, resulting in a distinct color change 

(Change from dark brown to reddish brown) [11, 31, 33]. Scheme 1 illustrates the structure and formation reaction of the mixed 

ligand complex. 

Scheme 1. Synthesis and Structural Representation of the Quinazoline Schiff Base Ligand (WMS) and Its Mixed Ligand 

Manganese Complex with Glycine 

2.4. Computational Studies 

Density functional theory (DFT) calculations [38] were performed on the quinazoline ligand (WMS) and its 

manganese (II) complex using the DMOL3 program [39, 40] within the Materials Studio software [39, 40]. This implements 

large-scale DFT with double numerical plus polarization (DNP) basis sets, which are more accurate than equivalent-sized 6-

31G Gaussian basis sets [41-43]. The geometries were optimized without symmetry restrictions using the GGA-RPBE 

functional, which provides good correlation performance [44]. Key quantum chemical parameters were computed, such as the 

highest occupied molecular orbital energy (EHOMO), lowest unoccupied molecular orbital energy (ELUMO), and the HOMO-

LUMO energy gap (ΔE). These calculations provided insights into the electronic properties and chemical reactivity of the 

quinazoline ligand (WMS) and its manganese (II) complex. 

 

2.5. Biological Evaluation 

2.5.1. Antimicrobial Activity Assessment 

2.5.1.1. Antimicrobial Susceptibility Testing: 

The antimicrobial potential of the synthesized quinazoline ligand (WMS) and its manganese (II) complex was 

investigated using the agar well diffusion method [45]. The compounds were evaluated for their antibacterial activity against 

Gram-positive bacteria, including Staphylococcus aureus (ATCC:13565), and Streptococcus mutans (ATCC:25175), as well as 

Gram-negative bacteria, such as Escherichia coli (ATCC:10536), and Klebsiella pneumonia (ATCC:10031). The antifungal 

activity was assessed against Candida albicans and Aspergillus niger using Sabouraud dextrose agar medium. Ampicillin and 

gentamicin were employed as reference antibacterial agents for Gram-positive and Gram-negative bacteria, respectively, while 

nystatin served as the standard antifungal drug [46]. Dimethyl sulfoxide (DMSO) was used as the solvent control. The 

compounds were tested at a 15 mg/mL concentration against bacterial and fungal strains. This experimental setup facilitated the 

evaluation of the antimicrobial efficacy of the quinazoline ligand and its manganese complex against a diverse range of clinically 

relevant microorganisms, encompassing Gram-positive and Gram-negative bacteria, as well as fungal species, including 

standard antimicrobial drugs, allowing for comparative analysis of the compounds' activities related. 
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2.5.1.2. Antimicrobial Susceptibility Testing Procedure: 

The assessment of the antimicrobial potential of the quinazoline ligand (WMS) and its manganese (II) complex 

followed a standardized methodology. Sterilized media were aseptically poured into sterile Petri dishes and allowed to solidify 

at ambient temperature. Microbial suspensions were carefully prepared in sterile saline solution, with the turbidity adjusted to 

match the McFarland 0.5 standard, corresponding to a concentration of 1.5 x 105 CFU/mL. The turbidity was precisely calibrated 

to an optical density of 0.13 at a wavelength of 625 nm using a spectrophotometer [47]. Within 15 minutes of adjusting the 

turbidity, a sterile cotton swab was immersed in the standardized suspension and gently streaked onto the dried agar surface to 

create a uniform lawn of inoculum. The plates were subsequently allowed to dry for 15 minutes with the lid in place to ensure 

proper adherence to the inoculum. Wells with a diameter of 6 mm were then aseptically punched into the solidified media using 

a sterile borer [48]. Using a micropipette, 100 μL of the solution containing the test compound was carefully dispensed into 

each well. The plates were incubated at 37°C for 24 hours to evaluate antibacterial activity. To ensure reproducibility, the 

experiment was conducted in triplicate. After incubation, the inhibition zones around the wells were measured using a millimeter 

scale, indicating the antimicrobial efficacy against the tested microorganisms. 

 

2.6. Evaluation of Anticancer Activity 

The cytotoxic potential of the quinazoline ligand (WMS) and its manganese (II) complex was evaluated against breast 

cancer cells using the Sulforhodamine B (SRB) assay [50]. MCF7 cells, a widely used breast cancer cell line, were exposed to 

varying concentrations of the compounds ranging from 31.25 to 1000 μg/mL for 24 hours to allow cellular attachment. 

Following the initial incubation, the treated cells were cultured for 48 hours at 37°C in a humidified 5% CO2 atmosphere. 

Subsequently, the cells underwent fixing and staining with the Sulforhodamine B (SRB) protein-binding dye. After removing 

the excess stain and solubilizing the bound stain, the optical density was quantified at 564 nm using a microplate reader with 

automatic background correction. Mean values were computed for each concentration, and dose-response curves correlated 

compound concentration with cell viability. Untreated MCF7 cells were the negative control, while cisplatin-treated cells 

provided the positive control. The cytotoxic effect was assessed by relating surviving cell fraction to drug concentration, 

generating survival curves [51, 52]. Cell survival percentage was determined using the formula: 

Cell survival (%) = (Mean OD of treated cells / Mean OD of untreated cells) x 100 

The IC50 values, the concentrations required to inhibit 50% cell growth, were determined for the quinazoline ligand and 

manganese complex. Cytotoxicity experiments were performed in triplicate against MCF7 cells to ensure reproducibility. 

 

2.7. Molecular Docking Study 

Molecular docking analysis was performed using the MOE 2015 software package to investigate the interaction 

between the quinazoline manganese (II) complex and a cancer-relevant target macromolecule. The three-dimensional structure 

of the target protein was obtained from the Protein Data Bank (PDB) website (PDB:3HB5) [35, 36]. The optimal structure of 

these compounds was generated using Material Studio software with the (DNP) basis sets, followed by docking of the complex 

to the target receptor. Additionally, MOE software analyzed the interaction between the protein and the quinazoline ligand 

(WMS) and its manganese complex. 

 

2.8. Establishing of QCM-Based Nano Quinazoline Manganese Complex Sensor 

The study utilized a QCM sensor consisting of an AT-cut quartz crystal chip with a 12 mm gold electrode resonating 

at 5 MHz (Q-Sense, Shenzhen, China) [52]. Before immobilizing the nanomaterial, the gold sensor underwent a thorough 

cleaning process. It was immersed in a solution containing aqueous ammonia, H2O2, and double-distilled water in a 5:1:1 

volumetric ratio. The cleaning solution was maintained at 75°C, and the gold sensor was submerged for 10 minutes. After 

cleaning, the sensor was rinsed with double-distilled water and ethanol and then air-dried at ambient temperature. The 

dehydrated quartz crystal was carefully placed into the Q-Sense device. A stream of double-distilled water initially flowed over 

the electrode to establish a background electrolyte. This step allowed for baseline readings before introducing the nano-sized 

quinazoline manganese complex. The double-distilled water was continuously poured into the QCM module until the QCM 

signal stabilized; at this point, the signal value was set to zero. Following the baseline measurement, a solution was prepared by 

combining 2 mL of 1 ppm nano-sized quinazoline manganese complex with 10 mL of double-distilled water. This mixture was 

then injected into the gold sensor at a flow rate of 0.4 mL/min [52-55]. 

 

2.8.1. QCM Monitoring of Arsenic Ions 

Quartz crystal microbalance (QCM) experiments were conducted using a commercial QCM system to monitor the 

binding of arsenic ions to the nano-sized quinazoline manganese complex sensors (Fig 1). The measurements involved injecting 

1 ppm arsenic solutions over the sensor-coated QCM chips at controlled temperatures (20°C, 25°C, and 30°C) [56, 57] and pH 

values (3.5, 7, and 11) [58]. The arsenic solution was repeatedly injected until the sensor response stabilized, indicating that 

binding equilibrium was reached. After a set time, double-distilled water was flushed through the QCM module to remove any 

unbound arsenic and regenerate the sensor surface for subsequent measurements. This process provided insights into the 

interaction between the nano-complex sensors and arsenic ions under different environmental conditions. 
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Fig 1. QCM Monitoring Setup for Arsenic Ion Binding to Nano-Sized Quinazoline Manganese Complex Sensors 

 

3. Results and Discussion 

3.1.1 Characterization of Quinazoline Manganese/Glycine Complex 

The quinazoline manganese/glycine complex has a distinct chemical composition and notable biological properties. 

It is air-stable and soluble in polar organic solvents like dimethylformamide (DMF) and dimethyl sulfoxide (DMSO), but 

insoluble in water and ethanol. Elemental analysis confirms the 1:1:1 metal (Mn (II)) to ligand (WMS) to ligand (Gly) (Mn: 

WMS: Gly) ratio. The elemental analysis results for the quinazoline manganese/glycine complex (C20H26ClMnN7O4) are as 

follows: The calculated values were 46.25% for carbon (C), 5.01% for hydrogen (H), 18.90% for nitrogen (N), 6.83% for 

chlorine (Cl), and 10.58% for manganese (Mn). The experimentally found values were 46.08% for carbon, 4.88% for hydrogen, 

18.77% for nitrogen, 6.72% for chlorine, and 10.46% for manganese. Conductivity assessments in dimethyl sulfoxide (DMSO) 

at a concentration of 10-3 M and a temperature of 25 °C indicated a molar conductivity value of 17 Ω-1 mol-1 cm-2, indicating 

the electrolytic nature of quinazoline manganese/glycine complex. The coordination of the hybrid ligands to the manganese 

center can be elucidated by comparing the infrared spectra of the parent quinazoline ligand and quinazoline manganese/glycine 

complex (Fig 2) (Table 1). The IR spectrum of (WMS) shows significant peaks at 1605 and 1545 cm-1, attributed to the 

azomethine (C=N) and pyridine (C=N) groups, respectively (Fig 2A) [59-61]. In the metal complex (Fig 2B), these peaks shifted 

to higher wavenumbers of 1610 and 1560 cm-1 [62, 63]. A broad band at 3437 cm-1 is associated with the ν(N-H) stretching 

vibration of coordinated water molecules [64, 65]. This shift strongly implies coordination involving the (C=N) groups. Two 

bands at 1421 and 1336 cm-1 correspond to the asymmetric and symmetric (COO-) vibrations, indicating glycine's carboxylate 

group's involvement in metal coordination [66-68]. Furthermore, non-ligand bands at 460 and 506 cm-1 are assigned to υ(M-N) 

and υ(M-O), respectively [69, 70]. These observations suggest the quinazoline ligand (WMS) acts as a neutral tridentate 

coordinating through two azomethine nitrogens and the pyridine nitrogen, while glycine coordinates as a uninegative bidentate 

ligand via NH2 and COO- groups. Based on this data, the proposed formula for the manganese complex is 

[Mn(WMS)(Gly)H2O]·Cl·H2O.  In the DFT calculation, the unique bands of the Quinazoline Manganese/Glycine Complex 

were compared with the experimental data, revealing significant peaks at 1629, 1575, 1466, 1360, 537, and 475 cm⁻¹. These 

peaks correspond to the azomethine (C=N), pyridine (C=N), asymmetric (COO⁻), symmetric (COO⁻), υ(M-N), and υ(M-O) 

vibrations, respectively. The experimental and theoretical IR data are in alignment, as shown in Fig 3. In the UV-Vis spectrum, 

the manganese complex exhibited π-π* conjugated system peaks at 279 and 316 nm, an n-π* transition at 347 nm, and a charge 

transfer band at 387 nm [71-73]. ESI-MS confirmed the manganese complex at m/z = 465 [M+1]+, matching the calculated m/z 

of 464.39. The (WMS) and (Gly) ligand moieties were observed at 318.78 and 74.20 m/z, respectively, indicating complexation 

(Table 2). The molecular ions confirm the 1:1:1 Mn (II): (WMS): (Gly) stoichiometry. Thermal analysis of 

[Mn(WMS)(Gly)H2O]·Cl·H2O showed four decomposition steps. The first step from 35-105°C (peak at 85°C) corresponded 

to the loss of hydrated water molecules, with a 3.05% mass loss (calc. 3.46%). The second step from 105-295°C (peak at 245°C) 

involved loss of C7H10NOCl, with a 29.99% mass loss (calc. 30.76%). The third step from 295-445°C (peak at 310°C) indicated 

the loss of C2H4NO, with a 10.49% mass loss (calc. 11.19%). The final step from 445-800°C (peak at 560°C) was related to 

the loss of C11H10N5, with a 40.53% mass loss (calc. 40.90%). Manganese oxide (MnO) remained as the residue after complete 

decomposition. The antimicrobial activity of the Schiff base ligand (WMS) and its manganese (II) complex, 

[Mn(WMS)(Gly)H2O]·Cl·H2O, In addition, we investigated the antibacterial and antifungal properties of the manganese(II) 

Schiff base complex [Mn(WMS)(Gly)H2O]·Cl·H2O and the free Schiff base ligand (WMS) using the disc diffusion method 

[74]. The study conducted experiments on different bacterial organisms, including Gram-positive bacteria such as Streptococcus 

mutans and Staphylococcus aureus, Gram-negative bacteria such as Escherichia coli and Klebsiella pneumonia, as well as 

fungal strains like Candida albicans and Aspergillus niger (Table 3). The results unequivocally highlighted the remarkable 

effectiveness of the manganese (II) complex against Staphylococcus aureus, exhibiting an inhibition zone of 14.3 ± 0.5 mm, 
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while the free Schiff base ligand showed no activity against this bacterium. Against Klebsiella pneumonia, the manganese (II) 

complex demonstrated an inhibition zone of 27 ± 0.5 mm, comparable to the standard drug gentamicin (25 ± 0.5 mm), whereas 

the free ligand was inactive. For Escherichia coli, the manganese (II) complex displayed moderate activity with an inhibition 

zone of 13.9 ± 1.0 mm, lower than gentamicin (19.8 ± 0.5 mm), while the free ligand showed no activity. Against Streptococcus 

mutans, both the manganese (II) complex (10.9 ± 0.5 mm) and the free Schiff base ligand (17.4 ± 1.0 mm) exhibited inhibition 

zones, with the free ligand exhibiting higher activity than the complex and the standard drug ampicillin (28 ± 0.5 mm). 

Furthermore, the free Schiff base ligand exhibited high antifungal action against Candida albicans (12.3 ± 0.5 mm), 

outperforming the manganese (II) complex (15.3 ± 0.5 mm) and the standard drug nystatin (21 ± 0.5 mm). Against Aspergillus 

niger, both the manganese (II) complex (14.6 ± 0.5 mm) and the free Schiff base ligand (16 ± 0.5 mm) demonstrated moderate 

antifungal activity, lower than the standard drug nystatin (29 ± 0.5 mm) (Table 3). the anticancer activity of the Schiff base 

ligand (WMS) and its manganese (II) complex, [Mn(WMS)(Gly)H2O]·Cl·H2O, against the breast cancer cell line MCF7 [75]. 

The activity is expressed as the surviving fraction of cancer cells at different concentrations (12.5, 25, 50, and 100 μg/mL), and 

the IC50 value, which represents the concentration required to inhibit 50% of cell growth, is also provided. The data (Table 4) 

shows that the manganese (II) complex exhibits significantly higher anticancer activity than the free Schiff base ligand. The 

manganese (II) complex demonstrates a lower surviving fraction of MCF7 cells at all tested concentrations, indicating greater 

cytotoxicity and growth inhibition. Specifically, at the highest concentration of 100 μg/mL, the surviving fraction of MCF7 

cells treated with the manganese (II) complex is only 16%, while the surviving fraction for the free ligand is 39.5%. This trend 

is consistent across all concentrations, with the complex consistently showing lower surviving fractions than the free ligand. 

The enhanced anticancer activity of the manganese (II) complex is further supported by its lower IC50 value of 12 μg/mL, 

compared to the free ligand's IC50 of 44.5 μg/mL. This indicates that the complex requires a significantly lower concentration 

to achieve 50% cell growth inhibition, making it a more potent anticancer agent against the MCF7 breast cancer cell line. The 

improved anticancer activity of the manganese (II) complex can be attributed to several factors related to the complexation of 

the Schiff base ligand with the manganese (II) ion. Complexation can enhance the lipophilicity and cellular uptake of the 

compound, facilitating its entry into cancer cells and increasing bioavailability [76,77]. Additionally, the presence of the metal 

ion can induce the generation of reactive oxygen species (ROS), which can damage cellular components and trigger apoptosis 

(programmed cell death) in cancer cells. 

 

Fig 2. Comparative Infrared Spectra of the Parent Quinazoline Ligand and the Quinazoline Manganese/Glycine Complex. 
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(A) 

 

(B) 

Fig 3. Comparison of Experimental (A) and Theoretical (B) IR Spectra of the Quinazoline Manganese/Glycine Complex 
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Table 1. The most significant infrared (IR) spectral bands of the isolated Schiff base ligand ternary Manganese Complex are as follows. 

Compound υ(C=N) 
υ(C=N) 

Pyridine ring 

υ(COO)Asymmetric 

glycine 

υ(COO)symmetric 

glycine 
υ(M-O) υ(M-N ) 

Schiff base ligand (WMS) 1605 sh 1545 sh -------- -------- --------- ------- 

[Mn(WMS)(Gly)H2O]·Cl·H2O 1610 m 1560 sh 1421 sh 1336 sh 506 m 460 w 

 

Table 2. ESI-MS Data for the Quinazoline Manganese/Glycine Complex and Its Ligand (WMS) Moieties. 

 

 

 

Table 3. Antibacterial and Antifungal Activity of the Manganese (II) Schiff Base Complex [Mn(WMS)(Gly)H2O]·Cl·H2O and Free Schiff 

Base Ligand (WMS). 

 

 

Compound 

 

m/z value 
Interpretation 

Calculated Found 

Schiff base ligand (WMS) 318.38 318.78 [M]+ 

Glycine (Gly) 75.07 74.20 [M]+ 

[Mn(WMS)(Gly)H2O]·Cl·H2O 464.39 465 [M+1]+ 

Sample 

 

Microorganism 

 

 SCHIFF BASE 

LIGAND (WMS) 

(1) 

[Mn(WMS)(Gly)H2O]·Cl·H2O 

 

Standard drug 

Gram-negative bacterial  Gentamicin 

Escherichia coli 

(ATCC: 10536) 

13.9±1.0 19.8±0.5 27 ±0.5 

Klebsiella Pneumonia 

(ATCC: 10031) 

NA 24.0±1.0 25 ±0.5 

Gram-positive bacteria  Ampicillin 

Staphylococcus Aureus 

(ATCC: 13565) 

NA 14.3±0.5 20 ±0.1 

Streptococcus mutans 

(ATCC: 25175) 

10.9±0.5 17.4±1.0 28 ±0.5 

Fungi  Nystatin 

Candida Albicans 

(ATCC: 10231) 

15.3±0.5 12.3±0.5 21 ±0.5 

Aspergillus Nigar 

(ATCC: 16404) 

14.6±0.5 16±0.5 29±0.5 



  QUINAZOLINE-GLYCINE MANGANESE(II) NANO-COMPLEX FOR ARSENIC SENSING VIA  .. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, No.2, (2025) 

 

229 

TABLE 4. Anticancer Activity of the Schiff Base Ligand (WMS) and Its Manganese (II) Complex [Mn(WMS)(Gly)H2O].Cl.H2O Against 

MCF7 Breast Cancer Cell Line. 

 

3.1.2. Computational Investigations 

Density Functional Theory (DFT) was employed to optimize the geometry of the quinazoline ligand (WMS) and its 

manganese (II) complex. The fully optimized geometries and atomic numbering are depicted in Table 5. Analysis of the 

calculated bond lengths and angles (refer to Table 6) revealed a distorted octahedral geometry around the Mn (II) ion [78, 79]. 

Detailed data, including bond lengths and angles, are provided in Supplementary Table 1. The Mn (II) complex exhibited subtle 

elongations in certain bond lengths such as N(7)-N(8), N(8)-C(9), C(10)-N(11), N(11)-N(12), C(15)-N(14), and N(14)-C(13) 

[80]due to coordination of WMS via its two azomethine nitrogens and pyridine nitrogen. Global reactivity descriptors, including 

the HOMO-LUMO energy gap (ΔE), ionization potential (I), electron affinity (A), chemical potentials (μ), absolute 

electronegativity (χ), absolute hardness (η), global softness (S), global electrophilicity (ω), and additional electronic charge 

(ΔNmax) [81, 82] were computed for both WMS and its Mn(II) complex using consistent computational methods, with detailed 

results in Table 6. These properties were calculated using formulas: absolute hardness η = (I - A)/2 = (ELUMO - EHOMO)/2, global 

softness S = 1/2η, chemical potential μ = -(I + A)/2, electronegativity χ = (I + A)/2 = (ELUMO + EHOMO)/2, HOMO-LUMO gap 

ΔE = ELUMO - EHOMO, absolute softness σ = 1/η, and ΔNmax = -I/η. A reduced energy gap suggests charge transfer interactions 

influencing biological activity. The gap indicates chemical reactivity, with a narrower frontier orbital gap corresponding to 

higher reactivity ("soft" molecule). It also serves as a stability index for structural and conformational barriers. For (WMS), the 

gap was 2.053 eV, while for its Mn(II) complex, it was 0.723 eV, with a higher gap indicating greater stability. The chemical 

potential (μ) was negative, while the electrophilicity index (ω) was positive, suggesting WMS likely acts as an electron donor 

to the metal ions [83, 84]. 

Table 5. Optimized geometry visualization of the studied (WMS) and its Manganese (II) Complex [Mn(WMS)(Gly)H2O]·Cl·H2O. 

Optimized geometry visualization of the studied (WMS) and its Ternary Mn (Ⅱ) Complex 

Compound optimized structure 3D-HOMO 3D-LUMO 
ΔE 

(eV) 

 (WMS) 

 

 
  

 

EHOMO =-4.177 eV ELUMO = -2.124 eV 2.053 

[Mn(WMS)(Gly)H2O]·Cl·H2O 

 

  

 

EHOMO = -6.873 eV ELUMO = -6.150 eV 0.723 

 

 

Compounds 

Conc. (μg/mL) 

 

IC50 (μg/mL) 

12.5 25 50 100 

Surviving fraction (MCF7) 

Schiff base ligand (WMS) 92 72 44 39.5 44.5 

[Mn(WMS)(Gly)H2O]·Cl·H2O 48 42 23.5 16 12 
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TABLE. 6. Optimized and Quantum Chemical Parameters for (WMS) and its Manganese (II) Complex [Mn(WMS)(Gly)H2O]·Cl·H2O: A 

Comparative Analysis 

 

 

3.1.3. Docking study 

              The Schiff base ligand and its Mn (II) complex were subjected to computational molecular docking analysis using the 

Molecular Operating Environment (MOE, version 2015.10) software [85, 86]. This analysis was performed to (PDB ID: 3HB5) 

as the receptor [35, 36]. All structural optimizations were conducted within MOE until reaching a root mean square deviation 

(RMSD) gradient of 0.05 kcal mol−1 Å−1 using the MMFF94x force field, and the partial charges were automatically assigned. 

The PDB entry 3HB5 provides valuable structural insights into the interactions of the human estrogen receptor alpha (ERα) 

with ligands, an important target for breast cancer therapy. It represents the crystal structure of the ligand-binding domain of 

ERα in complex with the agonist diethylstilbestrol (DES). ERα is a nuclear hormone receptor that regulates gene expression 

involved in cell growth, differentiation, and reproductive functions; its activity is closely linked to the development and 

progression of hormone-dependent breast cancers. Inhibiting or modulating this receptor can significantly impact the 

proliferation of cancer cells. The publication by Gangloff et al. (2001) describes the detailed structural analysis of the ERα-DES 

complex, providing insights into how the agonist binds within the receptor's ligand-binding pocket. This complex structure 

reveals the conformational changes and the stabilization of the receptor in its active form, which is crucial for understanding 

the molecular mechanisms underlying receptor activation and hormone signaling. Furthermore, the 3HB5 structure highlights 

the key interactions between ERα and DES, which can guide the design and development of new selective estrogen receptor 

modulators (SERMs) and antagonists for improved breast cancer treatments. By elucidating the binding modes and structural 

The calculated quantum chemical 

parameters 

 

(WMS) [Mn(WMS)(Gly)H2O]·Cl·H2O 

EHOMO (eV) -4.177eV -6.873 eV 

ELUMO (eV) -2.124eV  -6.150 eV 

ΔE (eV) 2.053 0.723 

χ(eV) 3.1505 6.5115 

η(eV) 1.0265 0.3615 

σ(eV)−1 0.974184121 2.766251729 

Pi (eV) -3.1505 -6.5115 

S (eV)−1 0.48709206 1.383125864 

ω(eV) 4.834705431 58.64402801 

ΔNmax 3.069167073 18.01244813 

 

Bond lengths (Å) 

 

 

(WMS) 

 

[Mn(WMS)(Gly)H2O]·Cl·H2O 

N(7)-N(8) 1.343 1.363 

N(8)-C(9) 1.305 1.363 

C(10)-N(11) 1.317 1.365 

N(11)-N(12) 1.355 1.391 

C(15)-N(14) 1.357 1.386 

N(14)-C(13) 1.332 1.360 

 

Bond angles (o ) 

 

 

(WMS) 

 

[Mn(WMS)(Gly)H2O]·Cl·H2O 

O(33)-Mn(25)-N(29)  -------------- 82.664 

O(33)-Mn(25)-O(26)  ------------- 88.357 

O(33)-Mn(25)-N(14)  ------------------- 93.88 

O(33)-Mn(25)-N(11)  --------------------- 170.808 

O(33)-Mn(25)-N(8)  ---------------- 108.338 

N(29)-Mn(25)-O(26)  ---------------- 55.702 

N(29)-Mn(25)-N(14)  ---------------- 131.998 

N(29)-Mn(25)-N(11)  ----------------- 105.502 

N(29)-Mn(25)-N(8)  ----------------- 87.701 

O(26)-Mn(25)-N(14)  ---------------- 76.403 

O(26)-Mn(25)-N(11)  ---------------- 92.806 

O(26)-Mn(25)-N(8)  ----------------- 138.034 

N(14)-Mn(25)-N(11)  ----------------- 77.56 

N(14)-Mn(25)-N(8)  -------------- 137.33 

N(11)-Mn(25)-N(8)  ---------------- 76.669 
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dynamics of ERα, this structure aids in the rational design of compounds that can either inhibit or modulate the receptor's 

activity, offering potential therapeutic strategies for managing estrogen receptor-positive breast cancers. Overall, the 3HB5 

structure is an important contribution to understanding ERα as a drug target and developing improved therapeutics for breast 

cancer therapy. In the realm of experimental observations, the (WMS) demonstrated a noteworthy IC50 value of 44.5 μg/ml 

when assessed against a breast cancer cell line. Furthermore, the quinazoline manganese (II) complex is denoted as 

[Mn(WMS)(Gly) H2O]·Cl·H2O, derived from the aforementioned ligand, exhibited enhanced anticancer efficacy, displaying 

reduced IC50 values of 12 μg/ml. To validate these findings, theoretical docking studies focused on the (PDB ID: 3HB5), a vital 

target for  Brest cancer therapy. Docking analysis outcomes using (PDB ID: 3HB5) indicated that both the (WMS) and its 

[Mn(WMS)(Gly)H2O]·Cl·H2Odisplayed notably low binding energies of - 1.3 and - 9.1 kcal mol−1, respectively. This implies 

heightened activity in the quinazoline manganese (II) complex compared to the original ligand (WMS), owing to the 

establishment of coordination bonds with the Manganese (II) metal ion. The results of docking simulations for ligand (WMS) 

and its Mn (II) complex are depicted through both two-dimensional (2D) and three-dimensional (3D) representations, as 

presented in Fig 4. Furthermore, Table 7 elucidates the binding energies associated with the Schiff base ligand (WMS) and its 

Mn (II) complex. 

 

Fig 4. Visual Representation of Breast Cancer Receptor (PDB: 3HB5) Interaction with (A) (WMS) Ligand and (B) its Mn (II) Complex: 
Comparative 2D & 3D Diagrams (isolated and inside pocket view). 

Table 7. Results of docking interactions to 3HB5 bound to tubulin in cancer cell with ligand (WMS) and its Mn (II) complex 

Cancer cell 

Receptor 
Cpds Ligand moiety Receptor site Interaction 

Distance 

(Aο) 
E (kcal/mol) 

 

3HB5 

Ligand 

6-ring NE     ARG  37   (X) pi-cation 3.90 -1.3 

6-ring NH2    ARG  37   (X) pi-cation 4.41 -0.6 

Mn complex 

N    7 O      ASN  90   (X) H-donor 3.21 -1.9 

O    29 OG     SER  12   (X) H-donor 2.63 -9.1 

C    10 N      GLY  92   (X) H-acceptor 3.06 -2.6 

N    19 N      PHE  192  (X) H-acceptor 3.44 -1.1 

O    35 N      ILE  14   (X) H-acceptor 3.21 -1.3 

N    8 6-ring PHE  192  (X) H-pi 4.74 -0.9 
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3.2. Characterization of Nano-Quinazoline Manganese/Glycine Complex 

3.2.1. XRD 

Recent advances in powder X-ray diffraction (XRD) have enhanced the ability to investigate the physicochemical 

makeup of unknown materials. XRD remains a prevalent technique for determining unit cell dimensions and symmetry, 

providing qualitative, quantitative, and other analytical information [87, 88]. The translation symmetry and unit cell features 

can be deduced from the peak positions in the diffraction pattern. The size and shape of the unit cell can be elucidated by 

identifying several Bragg reflections. In this case, reflections at 2θ values of 19.695°, 21.176°, 28.558°, 

31.032°,31.884°,32.839°,33.728°, 35.833° and 36.158° correspond to the (100), (101), (111), (200), (112), (201), (002), (210), 

and (103) planes, respectively. By examining the allowed reflections for different cubic crystal structures, it becomes evident 

that these planes fit the criteria for a simple cubic (sc) lattice. The observed combination of Miller indices, including planes with 

mixed indices like (101), (112), (201), and (210), is characteristic of a cubic crystal structure. Therefore, based on the provided 

XRD data and the identified Miller indices (Fig 5), it can be concluded that the Schiff base quinazoline manganese/glycine 

complex exhibits a face-centered cubic (FCC) crystal structure. 

 

Fig 5. XRD Pattern of the Nano-Quinazoline Manganese/Glycine Complex Showing Bragg Reflections and Identified Miller Indices. 

 

3.2.2. Textural Characters (AFM) of Schiff Base Quinazoline Manganese/Glycine Complex 

The atomic force microscopy (AFM) images provide valuable insights into the surface morphology and textural 

characteristics of the Nano Schiff base quinazoline manganese/glycine complex [89]. The 3D perspective AFM image reveals 

a rough and uneven surface topography exhibiting a distinct pattern resembling waves or ripples, suggesting the presence of 

periodic structures or features. The height variations, represented by the color contrast, range from approximately 0 nm to 90 

nm [90]. The 2D AFM image displays a characteristic granular or grainy texture, with irregularly shaped domains or grains 

randomly distributed across the surface. These domains vary in size and shape, indicating surface heights or material 

composition variations. The observed surface roughness, periodic structures, granular texture, and heterogeneous domain 

distribution suggest that the Schiff base quinazoline manganese/glycine complex possesses a complex surface morphology 

influenced by the formation of distinct surface features, crystalline domains, or specific morphological characteristics during 

the synthesis or crystallization process. Analysis revealed the particles had a size of 89 nm (Fig 6).   

 

                                                    (A)                                                                                  (B)                                                 

Fig 6. (A) Two-dimensional AFM Visualization and (B) Three-dimensional AFM Image of the Nano Schiff base quinazoline 

manganese/glycine complex. 
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3.2.3. DLS and Zeta Potential 

 

The nanoparticle size distribution and colloidal stability of the synthesized nano-sized quinazoline manganese 

complex were evaluated using dynamic light scattering (DLS) analysis [91, 92]. The results revealed that the nano-sized 

quinazoline manganese complex had an average particle size of 32.67 nm (Fig 7A), exhibiting a uniform size distribution with 

a low polydispersity index. This low polydispersity indicates that the nano-quinazoline manganese suspension possesses 

remarkable colloidal stability and uniformity in particle size distribution [93].  Furthermore, the zeta potential measurement of 

the nano-sized quinazoline manganese complex was found to be -24.363 mV (Fig 7B). The zeta potential value is a crucial 

parameter reflecting the physicochemical stability of nanoparticles during storage and handling [92]. A higher absolute zeta 

potential value generally corresponds to greater overall system stability, as it indicates stronger repulsive forces between 

nanoparticles, preventing agglomeration [94]. The obtained narrow particle size distribution and moderately negative zeta 

potential suggest that the synthesized nano-quinazoline manganese complex possesses exceptional colloidal stability and 

uniform dispersion characteristics [95,96]. These properties are highly desirable for various nanoparticle applications, ensuring 

consistent performance and prolonged stability during storage and utilization. 

 

 
 

 

(A) 

 

 

 

 

 

(B) 
Fig 7. (A) Particle Size Distribution and (B) Zeta Potential Analysis of the Nano Schiff base quinazoline manganese/glycine complex 
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3.2.4. BET surface area and pore size.  

The BET (Brunauer-Emmett-Teller) method is widely used to determine nanomaterials' surface area and pore size 

distribution [97]. According to the data provided by analysis (Fig 8), the following information can be extracted: The multipoint 

BET surface area for the nano-sized quinazoline manganese complex sample is 46.1536 m²/g. The BET surface area provides 

a measure of the total accessible surface area of the material, which is a crucial parameter for applications involving adsorption, 

catalysis, and other surface-related processes [98-100]. The sample's average pore size (or average pore radius) is 7.4843 nm, 

as determined from the pore size distribution analysis. This value indicates that the material possesses mesopores, which are 

pores with diameters between 2 and 50 nm. Additionally, the report provides information on the pore volume and pore size 

distribution obtained from different methods, such as the BJH (Barrett-Joyner-Halenda) method and the DFT (Density 

Functional Theory) method. For instance, the BJH adsorption cumulative pore volume is 0.150075 cc/g, and the DFT method 

cumulative pore volume is 0.1581 cc/g. The presence of a significant BET surface area and mesoporous structure can be 

advantageous for applications involving adsorption or catalysis, as it provides a high surface area for interaction with the target 

species and facilitates accessibility to the active sites within the material. 

 

Fig 8. Illustrates the N2-isotherm of the Nano Schiff base quinazoline manganese/glycine complex 

3.2.5. Contact angle, hydrophobicity, and toxicity of the nano-sized quinazoline manganese complex. 

The wettability and hydrophobicity of nanomaterials play a crucial role in their potential applications, particularly in 

aqueous environments [101-103]. The nano-sized quinazoline manganese complex exhibited remarkable hydrophobic 

characteristics, as evidenced by an impressive water contact angle of 123.7° (Fig 9). This inherent hydrophobicity opens up 

exciting prospects for utilizing these nanoparticles as highly sensitive and selective sensors in aqueous environments. 

Encouragingly, a comprehensive cytotoxicity evaluation unveiled an IC50 value (the concentration at which 50% of cells are 

viable) of 479.31 µg/mL for the nano-sized quinazoline manganese complex. This notably high IC50 value suggests a low 

cytotoxic potential, making it a promising candidate for water-related sensing applications without posing significant health 

risks [104-105]. It is crucial to note that the hydrophobicity of nanomaterials can be attributed to their surface chemistry, 

morphology, and composition. In the case of the nano-sized quinazoline manganese complex, the presence of organic ligands 

or functional groups could contribute to the observed hydrophobic nature. Additionally, the nanoparticle's size and shape can 

influence wettability, with smaller particles often exhibiting higher hydrophobicity due to their increased surface curvature. 

Furthermore, the low cytotoxicity of the nano-sized quinazoline manganese complex can be attributed to its unique chemical 

composition and structural properties. Manganese-based complexes have shown promising biocompatibility profiles, and the 

presence of quinazoline moieties could further enhance the material's biological tolerance. It is important to note that while the 

reported IC50 value is encouraging, a comprehensive toxicological evaluation encompassing various cell lines, animal models, 

and diverse exposure routes is necessary to assess these nanoparticles' safety and environmental impact fully. Rigorous testing 

and adherence to regulatory guidelines are crucial steps before implementing the nano-sized quinazoline manganese complex 

in real-world applications. 
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Fig 9. Water Contact Angle Measurement of the Nano-Quinazoline Manganese Complex Indicating Hydrophobicity 

3.2.6. Arsenic ion monitoring using QCM-based nano quinazoline manganese sensors. 

A typical experiment employing a Quartz Crystal Microbalance (QCM) based-nano quinazoline manganese sensor 

for detecting arsenic ions can be divided into four distinct stages, each providing crucial insights into the sensor's performance 

[106-109]. In the initial stage, the sensor's frequency response is recorded to establish a stable baseline measurement, which 

serves as a reference point for subsequent stages. This baseline stability is essential for accurate quantification of the sensor's 

response to arsenic ions. A sudden and significant decrease in the sensor's frequency is observed upon the introduction of arsenic 

ions. This rapid change is attributed to the swift binding of arsenic ions to numerous vacant sites on the sensor's surface. The 

frequency drop is directly proportional to the mass of arsenic ions adsorbed onto the sensor's surface. As the experiment 

progresses, further adsorption of arsenic ion molecules occurs on the nano quinazoline manganese sensor's surface. This stage 

demonstrates the sensor's ability to capture additional arsenic ions, indicating its potential for quantitative analysis and 

monitoring of arsenic concentrations. Eventually, an equilibrium state is reached in the adsorption process between the nano 

quinazoline manganese complex and the arsenic ion molecules. The sensor's frequency shift stabilizes at this point, indicating 

that the maximum capacity for arsenic ion adsorption has been attained. Once the frequency stabilizes, it signifies the attainment 

of an equilibrium state in the adsorption of arsenic ions on the QCM-based quinazoline manganese nanosensor's surface. At this 

fourth stage, no noticeable changes in the sensor's frequency are observed, implying minimal mass loss and minor structural 

modifications to the nanosensor's surface. Consequently, this reaffirms the sensor's effectiveness in detecting arsenic ions. 

 

3.2.7. sensing mechanism of the QCM-based nano quinazoline manganese complex for arsenic ions 

The proposed sensing mechanism of the QCM-based nano quinazoline manganese complex for arsenic ions involves 

various intermolecular interactions [110-113]. Due to the lower electronegativity of arsenic ions compared to the nano 

quinazoline manganese sensor, dipole-dipole interactions may arise, complemented by π–π interactions between the aromatic 

quinazoline moieties and the arsenic ions. Additionally, the presence of polar functional groups, such as nitrogen-containing 

heterocycles in the nano quinazoline manganese complex, can contribute to an increased density of negative charge on the 

sensor's surface. Consequently, the QCM-based nano quinazoline manganese sensor exhibits a heightened propensity for 

interaction with arsenic ions, primarily through electrostatic interactions facilitated by the negatively charged surface, alongside 

the π–π interactions between the aromatic quinazoline moieties and the arsenic ions [114]. This synergistic effect of multiple 

intermolecular interactions contributes to the sensor's high sensitivity and selectivity towards arsenic ions. It is worth noting 

that the specific sensing mechanism and the extent of intermolecular interactions may vary depending on the exact chemical 

composition, structural features, and experimental conditions of the nano-quinazoline manganese complex. Further 

investigations, including computational modeling and spectroscopic studies, could provide deeper insights into the detailed 

mechanisms involved in detecting arsenic ions by these nanosensors. 

 

3.2.7.1. Effect of Temperature 

The nano-quinazoline manganese complex exhibits a significant frequency shift in response to the presence of arsenic 

ions in the solution (Fig 10). This frequency shift is crucial for monitoring and detecting arsenic ions using the quartz crystal 

microbalance (QCM) technique. The graph shows three curves representing the frequency shift (Δf) at different temperatures: 

20°C (blue curve), 25°C (green curve), and 30°C (red curve). Initially, all three curves exhibit a rapid and substantial drop in 

frequency, indicating the swift binding of arsenic ions to the surface of the nano-quinazoline manganese complex sensor. The 

magnitude of the initial frequency drop varies among the different temperature curves. The curve at 30°C (red) displays the 
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most substantial initial frequency drop, suggesting that higher temperatures may facilitate adsorption and result in a more 

pronounced sensor response. After the initial rapid decrease, the curves tend to stabilize, indicating an equilibrium state between 

the adsorption and desorption processes has been reached. The frequency shift remains relatively constant, implying a saturation 

of the available binding sites on the sensor's surface. Interestingly, the equilibrium frequency shift values differ among the three 

temperature curves. The curve at 20°C (blue) exhibits the smallest equilibrium frequency shift, while the curve at 30°C (red) 

shows the largest equilibrium frequency shift. Lower temperatures generally result in reduced kinetic energy of the metal ion 

and adsorbent particles, leading to fewer collisions and a slower adsorption process [115]. The higher kinetic energy of the 

particles at this temperature facilitates more frequent collisions and improves the diffusion of lead ions onto the adsorbent's 

surface [116]. This observation suggests that higher temperatures may enhance the overall adsorption capacity and sensitivity 

of the nano-quinazoline manganese complex sensor towards arsenic ions. 

 

Fig 10. Frequency Shift (Δf) of the Nano-Quinazoline Manganese Complex Sensor in Response to Arsenic Ions at Different Temperatures 
(20°C, 25°C, 30°C). 

3.2.7.2. Effect of pH  

The pH of the solution plays a pivotal role in the adsorption of arsenic ions onto the nano-quinazoline manganese 

complex sensor, as evidenced by the varying frequency shifts observed at different pH values [117,118]. The graph depicts the 

frequency shift response of the sensor at three distinct pH levels: 3.5, 7, and 11 (Fig 11). At pH 3.5 (blue curve), the sensor 

exhibits a rapid and substantial initial frequency drop, indicating efficient adsorption of arsenic ions onto the sensor's surface. 

This behavior can be attributed to the protonation of functional groups on the nano-quinazoline manganese complex, facilitating 

electrostatic interactions with the positively charged arsenic species, leading to enhanced adsorption. The initial frequency drop 

is less pronounced at pH 7 (red curve) compared to pH 3.5, suggesting a relatively lower adsorption capacity at this neutral pH 

value. This observation aligns with the assertion that optimal adsorption often occurs within the slightly acidic pH range, while 

at neutral pH values, the adsorption may be reduced due to the presence of different arsenic species or changes in the surface 

chemistry of the sensor. Notably, the frequency shift curve for pH 11 (green curve) exhibits a distinct behavior. Initially, a slight 

increase in frequency is observed, indicating a potential desorption or repulsion of species from the sensor's surface. This 

phenomenon can be attributed to the deprotonation of functional groups at high pH values, leading to electrostatic repulsion 

between the negatively charged sensor surface and the negatively charged arsenic species present in the solution. Moreover, as 

the pH level is elevated, the leaching of arsenic becomes apparent, as mentioned in the provided text. This leaching effect results 

in a decreased rate of adsorption, consequently diminishing the removal capacity of arsenic ions, as visually depicted by the 

gradual decrease in frequency after the initial increase at pH 11. The observed behavior at high pH can be further expounded 

upon by considering the augmented presence of sodium ions (Na+) in the solution, which is attributed to pH adjustments. These 

sodium ions can compete with the remaining arsenic ions for the available exchangeable sites on the sensor's surface, thereby 

hindering the adsorption of arsenic ions and contributing to the observed decrease in frequency shift. It is worth noting that the 

specific shapes and magnitudes of the frequency shift curves can be influenced by various factors, such as the concentration of 

arsenic ions, the surface chemistry and morphology of the nano-quinazoline manganese complex, the presence of competing 

ions or interfering species in the solution, and the stability of different arsenic species at varying pH levels [119, 120]. Further 

investigations, including detailed kinetic studies, surface characterization techniques, computational modeling, and speciation 

studies, could provide deeper insights into the pH-dependent adsorption mechanisms, the influence of leaching and competing 

ions, and the underlying intermolecular interactions between the nano-quinazoline manganese complex and arsenic ions at 

different pH conditions. 
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Fig 11. Frequency Shift Response of the Nano-Quinazoline Manganese Complex Sensor for Arsenic Ion Detection at Different pH Levels 

(3.5, 7, 11). 

4. Conclusion  

In conclusion, this study presents the successful synthesis, characterization, and application of an innovative 

quinazoline Schiff base ligand (WMS) and its corresponding mixed-ligand manganese (II) complex, 

[Mn(WMS)(Gly)H2O]·Cl·H2O, for arsenic sensing. When integrated into a quartz crystal microbalance (QCM) platform, the 

complex exhibited remarkable sensing capabilities for detecting arsenic ions. The nano-sized quinazoline manganese complex 

demonstrated rapid response times, excellent mechanical stability, and consistent performance across varying pH and 

temperature conditions, highlighting its potential for continuous environmental monitoring of arsenic contamination. 

Computational investigations employing density functional theory (DFT) and molecular docking simulations provided valuable 

insights into the complex's structural, electronic, and biological properties. The HOMO-LUMO energy gap analysis suggested 

enhanced chemical reactivity and stability, while docking studies revealed favorable binding interactions with a cancer-relevant 

target receptor, corroborating the observed anticancer activity. Furthermore, the nano-quinazoline manganese complex 

exhibited exceptional colloidal stability, uniform size distribution, and a notable BET surface area, mesoporous structure, and 

hydrophobic nature. These characteristics contribute to its promising performance as a sensing material for selectively detecting 

arsenic ions in aqueous environments. Overall, this research highlights the synthesis of novel arsenic-sensing material and its 

potential applications in continuous environmental monitoring and cancer therapy. The integration of experimental and 

computational approaches has facilitated a comprehensive understanding of the material's properties and functionality, paving 

the way for the development of sensitive and selective arsenic sensors and potential therapeutic agents targeting Breast cancer. 
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