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A One-Pot Solid-State Synthesis of MgO Nanoparticles and their 
Catalytic, Biological, and Electrochemical Sensor Activities: 
Hexaaquamagnesium(II) Bis(6-oxo-1,6-dihydropyridine-3-
carboxylate) as a Tool 

Prabha Devi Balakrishnan,a Natarajan Arunadevi,a Nigam P. Rath,b Ponnusamy Kanchana,a*Thathan Premkumar,*c 

A new divalent Mg complex, hexaaquamagnesium(II) bis(6-oxo-1,6-dihydropyridine-3-carboxylate) ([Mg(H2O)6](C6H4NO3)2) 

(1), was synthesized by reacting Mg(NO3)2.6H2O with 6-hydroxypyridine-3-carboxylic acid (6-hpca) in the presence of 

aminoguanidine bicarbonate. Here, 1 was studied by elemental, infrared (IR), 1H NMR, 13C NMR, ultraviolet-visible (UV–

vis), thermal, and single-crystal X-ray diffraction (SC-XRD) analyses. We discovered that 1 crystallized in the triclinic P-1 

space group, whereas the Mg(II) ion exhibited six coordinated water molecules with octahedral geometry. Interestingly, 1 

was used as a solid-state precursor for synthesizing Mg oxide (MgO) nanoparticles (NPs). Fourier transform infrared (FT-

IR), UV–vis, powder-XRD, TEM, and energy-dispersive X-ray spectroscopic analyses were performed on the prepared MgO 

NPs. The results showed that the as-prepared MgO NPs were small (14 nm) and homogeneous. The antibacterial activity 

and antioxidant scavenging assays of 6-hpca, 1, and the MgO NPs against 2,2-diphenyl-1-picrylhydrazyl (DPPH) revealed 

that the MgO NPs had good biological properties. Furthermore, a sensitive electrochemical sensor was developed for 

improved glucose detection by modifying the glassy carbon electrode with as-prepared MgO NPs. MgO NPs demonstrated 

effective catalytic properties for the reduction of 4-nitrophenol to 4-aminophenol. The proposed approach is simple, 

environmentally friendly, and user-friendly. 

Introduction 

Alkaline earth metal complexes have piqued the interest of 

many chemists due to their wide range of applications in 

biological science, material science, catalysis, adsorption, and 

luminescence.
1-10

 Magnesium appears to be the earth's third 

most abundant structural metal. Magnesium, an alkaline earth 

metal, is essential in all living systems.
11

 Because of the 

nucleophilic nature of magnesium, magnesium complexes are 

known for their reactivity and can enhance the catalytic 

activity of metal nonmaterial.
12

 Because of the abundance of 

magnesium in the earth's crust and its use in catalysis, the 

synthesis of magnesium complexes and their catalytic studies 

have piqued the interest of many researchers.
13

 Metal 

complexes, in general, speed up the action and efficacy of 

drugs. The activity of metal complexes is determined by the 

ligand and metal ion present. 

Pyridine carboxylic acids are found in niacin (vitamin B3), a 

water-soluble vitamin, which is present in plant and animal 

tissues. Hydroxy-nicotinic acid (hydroxypyridine-3-carboxylic 
acid), a derivative of pyridine carboxylic acid, is a versatile and 

 
Fig. 1. Structures of (a) 6-hydroxypyridine-3-carboxylic acid (6-hpca); aminoguanidine; 

and 6-oxo-1,6-dihydropyridine-3-carboxylate anion. (b) Enol-keto tautomers of 6-hpca. 
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interesting ligand with multiple proton donor-acceptor sites. 

The anion has one pyridine ring with N and a carboxylate and 

phenolic group with three O atoms, which can exhibit various 

bonding geometrics. 

Furthermore, nanotechnology has important and 

fascinating applications in catalysis, medicine, electronics, 

communications, engineering, environmental, and energy.
14,15

 

Magnesium compounds are used as precursors for 

nanomaterial synthesis
16-21

, but most of the techniques used 

to prepare MgO nanoparticles (NPs) are costly and involve 

complex experimental procedures. Researchers are interested 

in MgO nanomaterials because of their diverse applications in 

catalysis, supercapacitors, refractory materials, and paints.
22-28

 

This study aimed to characterize 1 using various 

physiochemical techniques after synthesizing it with 6-

hydroxypyridine-3-carboxylic acid (6-hpca) in the presence of 

aminoguanidine (Amgu). Although the prepared complex was 

identified through analytical, spectral, and thermal studies, SC-

XRD studies confirmed its structure. In addition, 1 was 

evaluated for biomedical applications such as antibacterial and 

antioxidant DPPH radical-scavenging activities. We also 

demonstrated that the as-prepared 1 could be used as a 

single-source solid-state precursor for MgO NP production. 

Impurities were not found in the metal oxides produced using 

this simple method. To prepare the MgO NPs, we used a 

relatively simple calcination method (thermal decomposition). 

The as-prepared MgO NPs demonstrated excellent catalytic 

activity, electrochemical sensing behavior toward glucose, and 

antibacterial and antioxidant scavenging properties. 

Results and discussion 

Metal salts react with heteroaromatic carboxylic acids at low 

pH to form metal complexes. Scheme 1 depicts the reaction of 

6-hpca and the Mg salt in the presence of Amgu. Complexation 

was accomplished by reacting one part metal salt with one 

part 6-hpca and Amgu in a water bath at reflux for 6 h. 

Notably, Amgu played an important role in synthesizing 1 in a 

suitable crystalline form by keeping the pH of the solution  

 

Scheme 1. Schematic representation of the preparation of 1 and the MgO NPs. 

 
Fig. 2. (a) Molecular structure of 1. (b) The Oak Ridge Thermal Ellipsoid Plot view of the 

molecule with 50% probability ellipsoids. 

(pH 5) stable to form crystals. Notably, the preparation of 1 in 

the absence of Amgu was unsuccessful. The Mg complex was 

separated as a colorless single-crystal that could be analyzed 

using SC-XRD. Water, alcohol, dimethyl formamide, and DMSO 

were all soluble in the synthesized compound. Complex 1 has 

the molecular formula [Mg(H2O)6](C6H4NO3)2, and elemental 

analysis and metal estimation confirmed its composition. 

Through a simple thermal decomposition process, the Mg 

complex was used as an efficient solid-state precursor for 

forming MgO NPs. This is the first report to our knowledge on 

the synthesis of 1 and its use as a solid source precursor for 

the formation of MgO NPs. 

SC-XRD analysis of 1 

SC-XRD was used to determine 1's molecular structure. 

According to this research, 1 crystallized in the triclinic crystal 

system of space group P-1 with Z = 1. Table 1 contains the 

crystal data, and Table S1 contains the important bond 

parameters. The movement of the hydrogen atom of the OH 

group to the nitrogen atom causes 6-hpca to exhibit keto-enol 

tautomerism (Fig. 1) in solid and solution states.
29-34

 As a 

result, the independent unit contains a half 

hexaaquamagnesium(II) complex cation with the Mg(II) ion 

and one deprotonated keto form of the 6-hpca moiety, the 6-

oxo-1,6-dihydropyridine-3-carboxylate anion (Fig. 1, a 

tautomer of the 6-hydroxypyridine-3-carboxylate anion). 

Overall, the crystal structure of 1 comprised an Mg(II) ion 

coordinated by six oxygen atoms from six water molecules and 

was free of acid units. Notably, the anions 6-oxo-1,6-

dihydropyridine-3-carboxylate were not coordinated to the Mg 

ion but instead functioned as charge-compensating anions 

(two units of acid moieties, each acting as a carboxylate 

anion). The six oxygen atoms (O4, O5, O6, O4′, O5′, and O6′) of 

the H2O molecule occupy the basal and apical coordination 

positions. O4 lies on the mirror plane bisecting the O5-Mg(II)-

O5′. The octahedral geometry surrounding the Mg atom was 

slightly distorted. Figures 2a and b show the molecular 

structure with atomic labeling and the projection view of the 

molecule with 50% probability ellipsoids of 1. 
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Table 1. Crystal data and structure refinement for 1. 

Identification code                Mg complex 

Empirical formula                  C12 H20 Mg N2 O12 

Formula weight      408.61 

Temperature      300(2) K 

Wavelength       0.71073 Å 

Crystal system      Triclinic 

Space group       P-1 

Unit cell dimensions    a = 7.5814(2) Å α= 88.9529(16)°. 

        b = 7.6005(3) Å β= 80.0769(13)°. 

        c = 7.6221(3) Å γ = 88.2066(14)°. 

Volume       432.38(3) Å3 

Z        1 

Density (calculated)    1.569 Mg/m3 

Absorption coefficient   0.172 mm-1 

F(000)       214 

Crystal size      0.188 x 0.136 x 0.099 mm3 

Theta range for data collection 2.681 to 26.368°. 

Index ranges      −9 ≤ h ≤ 9, −9 ≤ k ≤ 9, −9 ≤ l ≤ 9 

Reflections collected    4730 

Independent reflections   1761 [R(int) = 0.024] 

Completeness to theta = 25.242° 99.2 %  

Absorption correction   Semi-empirical from equivalents 

Max. and min. transmission  0.8620 and 0.7974 

Refinement method    Full-matrix least-squares on F2 

Data/restraints/parameters  1761/109/185 

Goodness-of-fit on F2    1.159 

Final R indices [I>2 sigma(I)]  R1 = 0.0393, wR2 = 0.0986 

R indices (all data)    R1 = 0.0438, wR2 = 0.1014 

Largest diff. peak and hole  0.182 and −0.228 e.Å−3 

 

A complex [Mg(H2O)6]
2+

 cation with a discrete 6-oxo-1,6-

dihydropyridine-3-carboxylate anion is present in the crystal 

structure (Fig. 2). This suggests that the 6-hydroxypyridine-3-

carboxylate anion was present in its pyridone form (keto 

form), that is, as the isomer with a keto group and a 

protonated N atom. The presence of the Mg ion and the water 

molecule's hydroxyl group resulted in the formation of N-H---O 

and O-H---O hydrogen bonds
35-39

 (Fig. 3). Several N-H---O and 

O-H---O hydrogen-bond formations were used to achieve the 

crystal packing. The N1-H1---O hydrogen bonds formed a one-

dimensional (1D) chain structure between the carboxylate 

anions. The two adjacent chains were further linked using H2O 

molecules via O4-H4---O3 and O5-H5---O2 interactions, 

resulting in an extended chain. The packing pattern 

demonstrated strong interlocking of the cationic and anionic 

moieties via a multidirectional hydrogen-bonding network, 

resulting in a three-dimensional (3D) structure (Fig. 3). 

Infrared spectrum 

The FT-IR spectrum of 1 (Fig. 4a) exhibited an intense broad 

peak at 3544 cm
−1 

assigned to the O–H stretching band of 

coordinated water molecules. It also exhibited a band at 3168 

cm
−1

, revealing the existence of the N–H group. The symmetric 

and asymmetric stretching frequencies of the carboxylate 

group appeared in the regions 1340 and 1578 cm
−1

, 

respectively. The peak at 1229 cm
−1 

was attributed to the C−N 

of the pyridine ring. 

 
Fig. 3. Hydrogen-bonding networks and packing diagram between the hydrated Mg(II) 

cation and 6-hpca anion. 

The
 1

H and 
13

C NMR spectra of 1 

Figure 4b depicts the 
1
H NMR spectrum of 1 in DMSO and TMS 

as an internal standard. The N–H proton was assigned the 

singlet at 13.48 δ. Multiplets in the 8.40–8.42 δ range were 

assigned to the C–H protons of the pyridine ring close to the 

carboxylate anion, while those in the 7.97–7.99 δ and 6.69–

6.73 δ ranges were assigned to the C–H proton of the pyridine 

ring close to the N atom. In 1, the signal in the range of 2.52–

2.54 δ was assigned to the O–H of the water molecules. These 

findings supported the successful synthesis of 1 and were 

consistent with the solid-state structure. 

DMSO was used as the solvent for recording the 
13

C NMR 

spectrum of 1. Peaks in the 
13

C NMR signals are seen in the 

expected regions. Peaks in the 115–159 ppm range are 

assigned to the aromatic ring's carbon atoms. The 
13

C NMR 

peak for the -CO carbon near to NH group in 1 is obtained at 

168 ppm. The carboxylate carbon atom is responsible for the 

peak in the 172-ppm range. The SC-XRD results corroborated 

these features. 

Electronic spectra 

Figures 5a and b show the UV–VIS spectrum and energy band 

gap (Tauc's plot) of 1. They provided information on the 

transition range and band gap of 1. Complex 1 had an 

absorption maximum at 238 nm, revealing the π → 

π* transition. In addition, 1 had a peak at 352 nm that was 

attributed to the ligand-to-metal charge transfer transition. E = 

3.73 eV was calculated as the band gap energy. 

Emission spectra 

At room temperature, the photoluminescence property of free 

acid and 1 was investigated, as shown in Fig. 6a. A strong, 

broad emission band at 388 nm was observed, as well as an 

excitation band at 330 nm. The free 6-hpca showed 

luminescence with maximum emission at 380 nm, which 

corresponded to the n → π* transition. The deprotonation of 

the carboxylic acid moiety was attributed to the enhancement 

of the photoluminescence spectrum of complex 1 compared to  
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Fig.  4. (a) FT-IR, (b)
 1

H NMR and (c) 
13

C NMR spectra of complex 1. 

 

free 6-hpca. Complex 1 showed an increased redshift 

compared to the 6-hpca emission band, indicating that it is a 

potential luminescent material. 

Thermal analysis 

 To determine the thermal reactivity of 1, simultaneous TG-

DTA was performed at temperatures ranging from 20°C to 

900°C. Table S2 shows the results of the thermogram's 

continuous decomposition (Fig. 6b). The thermogram showed 

a 33% mass loss, corresponding to the loss of an oxopyridinium 

carboxylate moiety to produce an Mg(H2O)6(C6H3NO3) 

intermediate, which was reflected in the DTA spectra as an 

endothermic peak at 167°C. Furthermore, the 

Mg(H2O)6(C6H3NO3) intermediate decomposed continuously 

and endothermically to form MgO as the end residue. 

Preparation of MgO NPs 

The MgO NPs were fabricated by heating 5 g of 1 at 700°C in a 

muffle furnace with a silica crucible and calcined for 4 h. The 

main advantage of the current method of synthesizing MgO 

NPs using complex 1 is that it is a simple, single-source, one-

pot, solid-state precursor method for synthesizing MgO NPs. 

Among other advantages, synthesizing MgO NPs by the 

thermal decomposition method is cleaner, easier, cheaper, 

and faster. Furthermore, all other organic moieties decompose 

during thermal decomposition, resulting in the formation of 

pure and nearly homogeneous MgO NPs. Because complex 

precursors eliminate the work of solvent removal, the purity of 

metal oxides is very high. The added benefit is that no by-

products are formed, resulting in a higher yield and a smaller 

size. Furthermore, this method has its advantage due to its 

ability to prepare MgO NPs on a large scale and store them 

easily for a longer period. Because the MgO NPs were 

prepared in the solid-state, this technique is user-friendly, and 

no additional manipulative skills or methods are required to 

isolate the NPs in the solid-state, as opposed to tedious 

solution-based approaches. As a result, producing MgO 

nanostructures by thermal decomposition of metal complex 

precursors is one of the most convenient techniques because 

the resulting product allows us to avoid complicated synthesis 

procedures and conditions, as well as special instruments. 

FT-IR, UV–VIS-Diffuse reflectance spectroscopy (DRS), and 

PXRD for the MgO NPs 

The FT-IR spectrum of MgO NPs (Fig. 7a) revealed two major 

vibrational bands above 1000 cm
−1

. The crystal vibrations of 

the Mg-O bond were responsible for two peaks at 3238 and 

1579 cm
−1

. A vibrational band around 702 cm
−1

 was observed, 

confirming the production of the MgO NPs.
40,41

 The optical 

absorption properties of the MgO NPs were investigated by 

UV–VIS-DRS, and the corresponding absorption peaks are 

shown in Fig. 7b. The peak at 341 nm indicated the absorbance 

of MgO.
42-45

 

CuKα radiation was used for PXRD in the 2θ range of 20–

80°. Figure 7c depicts the XRD pattern of MgO NPs. Peaks at 

36.88°, 42.75°, 62.23°, 74.54°, and 78.61°, which corresponded 

to the planes (111), (002), (202), (113), and (222), respectively, 
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confirmed the formation of MgO's polycrystalline cubic phase 

(JCPDS card No. 87-0653). This was consistent with previous 

findings.
46-48

 The XRD pattern revealed no additional peaks, 

confirming its purity. The highly crystalline nature of the 

synthesized nano MgO was attributed to the intense peak on 

the (002) plane. The average crystallite size was calculated 

using the Debye-Scherrer equation: D = Kλ/βCosθ, where D is 

the average particle size of NPs, K is a Scherrer constant (0.9), 

λ is the X-ray wavelength (0.15406 nm), β is the full width at 

half maximum of the diffraction peak [most intense peak 

corresponding to the (002) plane] and θ is the incidence angle 

(peak position). The average crystallite size of the as-prepared 

MgO NPs was determined to be 17 nm by substituting the 

corresponding values into the Debye-Scherrer equation. 

TEM 

 Figure 8a depicts TEM micrographs of MgO NPs. High-

resolution TEM (HRTEM) was used to examine the surface 

morphologies and particle sizes of the as-prepared MgO NPs 

(Figs. 8b and c). The HRTEM images revealed that the MgO NPs 

were irregularly shaped, with an average particle diameter size  

 

Fig. 5. (a) UV–VIS spectrum and (b) energy band gap (Tauc’s plot) of complex 1. 

 
Fig. 6. (a) Emission spectra of 6-hpca and complex 1. (b) Simultaneous TG-DTA curve of 

complex 1. 

of 14 nm (Fig. 8d), which is nearly consistent with the PXRD 

crystal size. Furthermore, the electron diffraction pattern of a 

selected area (SAED) in the TEM image revealed a remarkable 

ring-like pattern, indicating that the as-prepared MgO NPs are 

polycrystalline. The SAED pattern (Fig. 8c inset) obtained from 

the MgO NPs TEM image revealed five discernible diffraction 

rings corresponding to hkl values (111), (002), (202), (113), and 

(222), indicating the formation of the polycrystalline cubic 

phase of MgO, which is consistent with the PXRD pattern 

results (Fig. 7c). Furthermore, the energy-dispersive X-ray 

(EDX) spectrum of the MgO NPs (Fig. 8e) shows only Mg and O 

(Table S3), which is consistent with the PXRD (Fig. 9c) results. 

 

Applications of 1 and the MgO NPs 

Antibacterial studies 

For in vitro biological screening, the well diffusion method was 

used. Using Kanamycin as a standard, the 6-hpca, 1, and MgO 

NPs were tested against two pathogenic bacteria
49

 (Escherichia 

coli (Gram-negative) and Staphylococcus aureus (Gram-

positive)). Table 2 shows the inhibition zone (mm) for 6-hpca 

and the as-prepared compounds (1 and MgO NPs) against 

bacterial growth. They were biologically active against the  
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Table 2. Antibacterial activity data of the 6-hpca, Mg complex (1) and MgO NPs. 

Sample 

 

 

Diameter of inhibition zone (mm) 

Staphylococcus 

aureus 

Escherichia coli 

Kanamycin (standard drug) 25 30 

6-hpca 14 18 

Mg complex (1) 17 20 

MgO NPs 22 25 

 

bacterial species. However, 6-hpca demonstrated less activity 

when compared to 1 and MgO NPs. The higher zone of 

the inhibition of 1 than free acid is determined by the effect of 

metal ions on the cell process of microorganisms. The complex 

formation increases the metal ion's lipophilic property, which 

aids in the permeation of lipid layers in microorganism cells.
50

 

Complexes also affect respiration and inhibits protein 

synthesis, preventing further cell multiplication.
51,52

 It has also 

been demonstrated that metal oxides have greater 

antimicrobial potency than their metal complexes. This is 

easily demonstrated because smaller particles typically have a 

higher surface-to-volume ratio, providing a more efficient 

means of antibacterial activity.
50 

Because of their smaller particles with a higher surface-to-

volume ratio, MgO NPs inhibited antibacterial activities more 

effectively than free acid and 1.
53

 Although MgO NPs had 

higher antibacterial activity than 1, they had slightly less 

activity than Kanamycin (the standard drug, positive control). 

MgO NPs, unlike most metal oxides, have distinct antibacterial 

properties due to their unique oxide vacancies and crystalline 

structure.
54-57

 Tang et al. also demonstrated, using an 

antibacterial mechanism, that MgO NPs can be used as an 

antibacterial agent.
58

 Many studies have shown that the 

antibacterial activity of MgO NPs is size-dependent.
59 

As a 

result, the MgO NPs prepared in this study have the potential 

to be highly beneficial in antibacterial applications while 

posing less risk to the environment and humans. 

 

 
Fig. 7. (a) FT-IR, (b) UV–VIS-DRS spectra, and (c) PXRD pattern of the MgO NPs. 

 
Fig. 8. (a) TEM and (b and c) HRTEM images of MgO NPs. (d) Size-distribution analysis 

and (e) EDX spectrum of the MgO NPs. The inset shows the SAED pattern of the MgO 

NPs. 

Antioxidant studies 

The DPPH radical absorbs strongly at 517 nm.
57

 When solution 

1 and the MgO NP solutions were mixed and incubated with 

DPPH, the DPPH solution changed color from dark violet to 

light yellow. This represented the reduction and conversion of 

stable DPPH into 1,1-diphenyl-2-picrylhydrazine via electron 

donation from metal compounds, resulting in a decrease in 

absorbance at 517 nm. The percentage of radical-scavenging 

ability increased with 1 concentration and its oxide NPs. 

Finally, the ascorbic acid standard's IC50 values were compared 

to those of 1 and the MgO NPs. MgO NPs had a high 

scavenging efficiency (Fig. 9), whereas 1 had a lower activity 

than MgO NPs. The higher scavenging behaviors of MgO NPs 

compared to 1 were attributed to their larger surface-to-

volume ratio, resulting in better scavenging activity. In fact, the 

antioxidant activity of 1 is determined by its structure, 

specifically its ability to donate hydrogen. Complex 1 is 

compared to the complex of quercetin.
60,61

 The antioxidant 

activity of 1 is determined by its molecular structure; however, 

complexation with metal ions may affect the chemical 

properties of ligand molecules, resulting in a variation in 

activity.
62

 El-Sayyad et al. reported that MgO NPs have the 

highest inhibition value of 90% for DPPH radical-scavenging  
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Fig. 9. Antioxidant activity of ascorbic acid, 1, and the MgO NPs on DPPH radicals.  

activity.
63

 Hosseini et al. also reported that adding MgO NPs 

had a significant effect on the antioxidant properties of the 

film, with the composite film containing the most MgO NPs 

having the highest antioxidant properties.
64

 As a result, the 

findings obtained in this study are comparable and consistent 

with the previously reported works. 

Electrochemical performance of the synthesized compounds 

The electrochemical performance of 1 and the MgO NPs were 

evaluated with the glassy carbon electrode (GCE) electrodes in 

NaOH (0.1 M) at 100 mVs
−1

. All the experiments were 

conducted at room temperature (Scheme 2). Effective redox 

responses and lower background currents were observed in 

the voltammograms of complex 1, compared with those of its 

oxide in 0.1 M NaOH. Fig. 10a depicts the voltammograms. 

Complex 1 contained an electroactive metal encapsulated 

in electroinert organic compounds, which reduced electron 

transfer and background current. Under alkaline conditions, 

MgO exhibited a remarkable redox property within 0.36–0.54 

V vs. Ag/AgCl, indicating an increased electrochemical otential 

for the active metal oxide. Scheme 3 depicts the schematic 

diagram of the electrochemical setup detailed understanding 

of the study. 

Electrocatalytic nonenzymatic glucose sensing 

CV was used to investigate the nonenzymatic 

electrocatalytic biosensing activities of 1, and the MgO NPs-

modified with GCE in the presence and absence of different 

 
Scheme 2. Mg complex- or MgO NP-modified glassy carbon electrode as the working 

electrode. 

 

Scheme 3.  Schematic diagram of the electrochemical setup. 

glucose concentrations (1, 2, 3, 4, and 5 mM) in a NaOH (0.1 

M) solution at a scanning rate of 100 mVs
−1

 (Fig. 10). 

There was no discernible redox process for 1 in the 

presence or absence of glucose (Figs. 10a and b), indicating 

that 1 exhibits no electrocatalytic activity for glucose sensing 

(Fig. 10b). Because of the oxidation of glucose into 

gluconolactone, the glucose electrooxidation wave of the MgO 

NP-modified GCE electrode appeared at 0.45 V with a well-

resolved anodic peak (Fig. 10c). As a result, the MgO NPs had a 

higher anodic wave than the 1, attributed to the excellent 

electron delivery system of Mg metal in its oxide. The MgO 

NPs exhibited slightly enhanced electrical conductivity (Fig. 

10c) because of their nano architecture. The synergistic 

property of MgO NPs and hierarchical void spaces added 

significant space to the glucose analyte's adaptation. The 

increased activity of MgO NPs was due to their small size and 

homogeneity, which provided active metallic sites. For the 

determination of glucose, the MgO NPs electroactive species 

has a good detection limit of 0.45 V. 

These findings suggested that MgO NPs-modified GCE 

could be used as a selective and sensitive glucose detection 

material. When the electroanalytical performance of the MgO 

NPs-based glucose sensor is compared to previous studies, 

the sensitivity is 0.56 V for MgO
65

, 0.56 V for CuO, and 0.70 V 

for NiO carbon nanocomposites.
66-70

 Furthermore, the 

composition of these materials can be altered with dopants to 

improve sensing behavior. 

Catalytic reduction of 4-nitrophenol (4-NP) 

The reduction reaction of 4-NP was performed with and 

without MgO NPs as the catalyst to evaluate their catalytic 

property. Because of the kinetic barrier between the 4-

nitrophenolate anion and BH4
−
 and the large potential 

variation between the electron donor and acceptor molecules, 

the reduction reaction remained unchanged in the absence of 

MgO NPs. The ability of 4-NP to be reduced to 4-aminophenol 

(4-AP) by NaBH4 (sodium borohydride) in the presence of MgO 

NPs (catalyst) was monitored by recording changes in the  
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Fig. 10. (a) Cyclic voltammetry of the modified Mg complex (1) and MgO NPs in a NaOH 

(0.1 M) solution at a scan rate of 100 mV s−1. (b) Glucose electrooxidation of the Mg 

complex (1) at different glucose concentrations. (c) Glucose electrooxidation of the 

MgO NPs at different glucose concentrations in NaOH (0.1 M) at a scan rate of 100 mV 

s−1. 

absorbance intensity bands. After adding NaBH4, the aqueous 

4-NP solution changed from light to dark yellow. The 

bathochromic shift of the absorption peak from 318 to 400 nm 

(Fig. 11a) was ascribed to the formation of the phenolate ion 

under alkaline conditions
71

 immediately after the addition of 

NaBH4 to the solution. The main mechanisms responsible for 

the reduction process are proton accessibility and electron 

transferability. 4-AP is a well-known intermediate in 

various applications, including corrosion inhibitors, antipyretic 

drugs, anticorrosive lubricants, and photographic developers. 

The phenolate ion has superior π–conjugated donor-acceptor 

properties. The reduction is expected to be complete when the 

yellow solution becomes colorless. The intensity of the 

characteristic absorption peak at 400 nm decreased, with the 

formation of new absorption peaks at 309 nm, demonstrating 

the production of 4-AP (Fig. 11b). At this point, the yellow 

color of 4-NP had been completely bleached away, and the 

solution turned colorless, confirming the complete reduction 

of 4-NP to 4-AP. The particle size of the MgO NPs is critical in 

the reduction reaction. The reaction took about 48 min to 

complete. 

Using pseudo-first-order kinetics, the rate constant of 4-NP 

reduction was calculated. ln(Ct/Co) = ln(At/Ao) = −kt, where k is 

the rate constant, Ct is the concentration ratio with time (t), Co 

is the initial concentration at t = 0, Ao is the initial 

concentration of 4-NP, and At is the concentration of 4-NP at 

Table 3. Reaction completion time and percentage conversion of the MgO NPs. 

Cycles Reaction completion time (min) %Conversion 

1 48 96.9 

2 52 95.9 

3 60 95.4 

4 68 89.4 

5 76 87.6 

 

time t. The tangent slope of the linear plot was used to 

calculate the value of k at room temperature (Fig. 11c). In the 

presence of MgO NPs, k for 4-NP reduction was 0.05815 min
−1

. 

After the reaction, the catalyst was recovered and reused five 

more times, increasing the reaction time due to the recycling 

of the catalyst (Fig. 11d). The conversion was calculated using 

the equation below and is shown in Table 3. 

 

%Conversion = (Ao − At/Ao) × 100 

 

where Ao denotes the initial concentration of 4-NP and At 

denotes the concentration of 4-NP at time t. 

The results demonstrated the potential for synthesizing an 

effective MgO NP catalyst in reduction reactions by modifying 

its chemical composition and particle size in the future. 

However, to our knowledge, no reports on 4-NP reductions 

with pure MgO NPs have been published. When compared to 

other metal oxides' 4-NP reduction, MgO NPs show good 

reduction toward 4-NP.
72-75

 

Conclusions 

A new Mg complex (1) was synthesized in a simple one-pot 

method at room temperature and structurally characterized 

using SC-XRD. To form a stable compound, the Mg(II) ion was 

coordinated with six water molecules to form the 

hexaaquamagnesium(II) complex ion, whose charge was 

compensated by bis(6-oxo-1,6-dihydropyridine-3-carboxylate) 

anions. The thermal decomposition of 1 continued indefinitely, 

yielding MgO NPs as the final residue. FT-IR, UV–vis-DRS, 

PXRD, HRTEM, and EDX studies confirmed the formation of 

pure single-phase cubic nano MgO. The antibacterial activity of 

6-hpca, 1, and MgO NPs against Gram-negative and positive 

bacterial pathogens was determined, and the final results  

 
Fig. 11. (a) UV−VIS spectra of 4-NP in the absence and presence of NaBH4. (b) Time-

dependent UV–VIS spectral changes during the reduction of 4-NP catalyzed by the MgO 

NPs. (c) Plots of reaction time vs. ln(At/A0). (d) The reusability (conversion efficiency of 

4-NP in five successive cycles) of the MgO NPs as catalysts for the reduction of 4-NP to 

4-AP. 
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showed that MgO NPs had a significant effect on the 

pathogens when compared to 1. Furthermore, when 

compared to Staphylococcus aureus, MgO NPs had a greater 

zone of inhibition (25 mm) against E. coli. The antioxidant 

DPPH radical-scavenging property of 1 and MgO NPs was 

compared to that of ascorbic acid (standard). The data showed 

that the MgO NPs had good radical-scavenging activity, 

comparable to the standard result. Furthermore, MgO NPs 

demonstrated significantly higher electrocatalytic activity than 

1 for glucose electrochemical reduction, indicating their 

potential as promising sensor materials. Furthermore, the 

MgO NPs were effective catalysts for potential applications, 

such as reducing 4-NP to 4-AP at room temperature. It was 

also confirmed that the MgO NP catalyst could be easily 

recovered from the reaction and reused for another five cycles 

with a conversion efficiency exceeding 80%. MgO NPs are 

typical basic oxides, with the lowest solubility among other 

alkaline earth metal oxides. As a result, we believe that MgO 

NPs are suitable candidates for reusable catalysts with no 

leaching. As a result, the aforementioned characteristics or 

properties of MgO NPs indicate their potential applications in 

various fields, such as small and bulk chemical preparations. 

However, it is currently only used in a few catalytic reactions. 

Furthermore, given the ease of preparation of the Mg complex 

and MgO NPs, as well as their catalytic, biological, and 

electrochemical sensor potential, this system is a promising 

platform for industrial and biomedical applications. 

Experimental 

Preparation of 1. Solid 6-hpca (0.139 g, 1 mmol) and Amgu 

bicarbonate (0.136 g, 1 mmol) were mixed in 20 mL of hot, 

double-distilled water and mechanically stirred until 

effervescence ceased. The pH of the resulting solution was 4. 

After that, Mg(NO3)2.6H2O (0.256 g, 1 mmol) was added to the 

clear solution and homogeneously stirred. The clear solution 

(pH ~ 5) was refluxed for 6 h and concentrated over a water 

bath to reduce it by one-fourth of its initial volume. After 1 

week, transparent colorless rectangular crystals were isolated 

from the final solution and maintained at ambient 

temperature. After thoroughly washing the crystals with cold 

distilled ethanol, the crystals were dried under a vacuum. The 

crystals suitable for structural analysis were selected, and SC-

XRD data were recorded. Amgu functioned as a pH-

maintaining agent and an efficient catalyst to synthesize the 

desired product. The synthesis scheme is shown in Fig. 1. 

Elemental analysis (Calcd., %): C, 35.27; H, 4.93; N, 6.86; Mg, 

5.59. C12H20MgN2O12 (Found, %): C, 35.24; H, 4.98; N, 6.82; Mg, 

5.89 (by metal estimation). The melting point was 230°C. 

 

Preparation of MgO NPs. After reaching a constant 

temperature and calcining for 4 h, the magnesium complex (1) 

(5 g) was thermally decomposed at 700°C in a muffle furnace. 

TEM was used to examine the size and shape of the MgO NPs, 

and powder-XRD (PXRD) was used to confirm the structure. 

 

Antibacterial studies. The antibacterial activity of 6-hpca, the 

Mg(II) complex, and the MgO NPs against Escherichia coli 

(gram-negative) and Staphylococcus aureus (gram-positive) 

bacteria was investigated in vitro using the disk diffusion 

method with Mueller Hinton plates. The nutrient agar and 

broth cultures were prepared as described76
,77

 and incubated 

at 37°C. The SI contains a detailed description of the 

experimental procedure and conditions. The experiments were 

carried out in triplicate to ensure reproducibility. As a result, 

the results were reported as minimum inhibitory 

concentrations. Kanamycin (a common antibiotic) was used as 

a positive control in the pathogenic studies. 

 

Antioxidant studies. The DPPH free radical-scavenging 

capacity of 1 and the MgO NPs was systematically evaluated at 

various concentrations (10, 50, 150, 250, 350, and 500 g/mL) 

of 1 and the MgO NPs using standard ascorbic acid.
78-81

 The 

experiments were conducted in triplicate, and the DPPH 

radical concentration was calculated using the equation below: 

. 

Electrochemical biosensing. The electrochemical responses of 

the as-prepared 1 and MgO NPs against glucose were 

measured using a MetrohmAutolab M204 electrochemical 

workstation. The experiments were conducted at room 

temperature in a NaOH (0.1 M) supporting electrolyte, with a 

platinum sheet serving as the counter electrode in a three-

electrode system that also included a KCl reference electrode 

(saturated calomel electrode, SCE) and the Mg complex- or 

MgO NP-modified GCE as the working electrode. The modified 

GCE was made by dispersing 10 mL of the compounds onto the 

surface of the GCE and drying it for 24 h. The Mg complex or 

MgO NP dispersions were made by sonicating 10 mg of the Mg 

complex or MgO NPs in deionized water (10 mL) containing 5% 

Nafion solution (40 mL) for 1 h.
82-87

 All the experiments were 

conducted at room temperature. 

 

Catalytic reduction of 4-nitrophenol (4-NP). The reduction of 

4-NP was accomplished by employing MgO NPs as efficient 

catalysts. At room temperature, 0.1 mg of the catalyst (MgO 

NPs) was added to an aqueous solution containing 2.7 mL of 4-

NP (0.1 M) and 0.3 mL of sodium borohydride (NaBH4, 0.1 M). 

UV–vis absorption spectroscopy was used to track the 

progression of the reduction reaction at regular intervals 

within a scanning range of 250−600 nm. The absorbance peak 

at 400 nm gradually decreased as the reaction progressed, and 

the pale-yellow color of 4-NP gradually disappeared every 4 

min. When the reaction was finished, the catalyst was 

extracted using ultracentrifugation. The catalyst was washed 

with distilled ethanol and vacuum-dried at 60°C for 3 h before 

reuse. The recovered catalyst from the aforementioned 

process was tested for stability and reusability by reusing it in 

the reduction process at various cycles.
88-90
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