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H I G H L I G H T S  
 

A B S T R A C T  

 The structure revealed that all the specimens 

have identical space groups and index well 

to a cubic structure.  

   Crystallite size was increased with 

increasing the fraction of doping except for 

(Mg0.97Pb0.03O) due to the formation of 

PbO oxide.  

 The molecular vibration of the pure and 

doped specimens has the same framework. 

  As the incorporation of Pb2+ ions increased, 

the bands got broader, and the intensities 

increased in the range of 800-400 cm-1 . 

 
The structural characterization was discussed in the present paper of the pure 

MgO nanoparticles and the doped (Mg(1-x)pbxO) nanoparticles specimens, 

where (0 ≤ x ≤ 0.03). The modified Pechini method was used to prepare all the 

specimens. From (DTA), the convenient temperature of decomposition from 

Mg(OH)2 to MgO was above 375°C. The structure investigation (XRD) revealed 

that all the specimens have identical space groups and index well to cubic 

structures. The obtained crystallite size by Scherrer's equation was increased with 

increasing the fraction of doping except for (Mg0.97Pb0.03O) due to the 

formation of PbO oxide. The molecular vibration by FTIR demonstrated that all 

the pure and doped specimens have the same framework. As the incorporation of 

Pb2+ ions increases, the bands get broader, and the intensities increase in the 

ranging 800-400 cm-1 due to vibrations of O-Mg and O-Pb bands, respectively. 

A R T I C L E  I N F O  

Handling editor: Jawad K. Oleiwi 

Keywords: MgO-NPs; doping; PbO; Pechini; 

DTA; XRD; FTIR. 

1. Introduction 

The research on nanoparticles (NPs) shows novel properties dissimilar to bulk materials. The unique properties and the 

efficient performance of nanomaterials are determined by their surface structure, size, and particle interaction [1, 2]. The 

materials with nano-size possess a high proportion of surface area to Volume than their traditional structures, which can be 

prompted extra notable effect on their quality and synthetic reactivity [3]. The role that plays by the size of particles is similar, 

in some situations, to the chemical compositions of particles, by adding one more variable for designing and developing their 

behavior [2]. The nano-size materials have a promising development in many technological applications, including magnetic 

[4], bio [5], and fuel cells [6], and may ultimately be based on tailoring their behavior by adding impurities through doping. 

Metal oxides nanoparticles were fields of nanoparticles (NPs) that could be utilized directly in applying popular chemical 

processes, with different magnetic and electronic characteristics that enable them to be utilized in particular places [7]. For 

instance of metal oxides nanoparticles TiO2-NPs [8], ZnO-NPs [9], Fe2O3-NPs [10] and MgO-NPs [11].  

The magnesium oxide nanoparticles, with the sodium-chloride arrangement, have drawn the interest of many academics 

among these oxides owing to unusually functional materials commonly used in superconductors [12], antibacterial materials 

[13], and magnetic [14]. The properties of magnesia may ultimately depend on the progress of their behavior by doping. 

Therefore, it is motivating from a technological viewpoint to dope magnesium oxide for a different types of ions besides 

the rare earth oxides to view the chance of the existence of magnetic and optical properties [15], which is a remarkable 

mechanism for the modification [16]. Dopants in nanocrystals lead to phenomena not found in the bulk because their electronic 

states are confined to a small Volume [17]. However, the dopant impurities have tuned the properties of metal oxide 

https://orcid.org/0000-0002-9996-1279
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nanoparticles in MgO [18-20]. Therefore, these dopants can be altered the properties, as in demand for their industrial requests 

as a magnetic sensor, optical, switching device, and as diluted magnetic semiconductor [18, 21], by modifying the energy gap 

[22, 23], the magnetic properties [24, 25], the antibacterial effect [26], the optical [24, 27], the conduction [28] and the 

Photoluminescence [29] properties.  

The pure MgO-NPs and doped specimens were prepared via various routes, such as microwave. sol-gel [30], liquid-.phase 

[31], co-.precipitation [32], combustion [33], green synthesis [34], hard templating pathway [35], aerogel route [36], spinning 

disk reactor [37] sol-gel [26] and modification Pechini method [38]. The method of Pechini was selected as a favorite one due 

to its remarkable preparation of high-temperature superconductors, catalysts, and ceramics, magnetic materials [39]. The 

advantage of this method includes good control of particle morphology and good homogeneity [40].   

Thus in the present work, the Pechini method was used to synthesize undoped MgO-NPs and doped  (Mg(1.-x)pbxO)-NPs 

specimens (0≤x≤0.03). Furthermore, this paper explores the effect of incorporating different concentrations of Pb2+ ions into 

the structure of MgO-NPs host lattice, which was investigated by employing X-Ray Diffraction (XRD) and the Fourier 

Transition Infrared Spectra (FTIR). Also, the appropriate temperature of calcinated by thermally stability and decomposing 

behavior of Mg(OH)2 into MgO was investigated by thermal differential analysis DTA. 

2. Experimental Method 

2.1 Chemical Used 

The Pb(NO3)2, lead nitrate (purity > 99%, chemicals PVT, India), Mg(NO3)2.6H2O, magnesium nitrate hexahydrate 

(purity > 99%, BDH chemicals Ltd, England), C6H8O7.H2O, citric acid (purity > 99%, CDH, India,), C2H6.O2 ,Ethylene 

glycol, EG, (chemicals PVT. LTD, India, purity > 99%) were used without any further purifications with distilled water to 

prepare (Mg(1.-x)pbxO) - NPs specimens, where (0 ≤ x ≤ 0.03) by using sol gel-modified Pechini method. 

2.2 Preparation of specimens 

The first stage of production is pure MgO-.NPs inVolved the creation of a stable aqueous solution, starting with citric acid 

solution and magnesium nitrate solution. They were dissolved in distilled water (100 ml) separately and stirred for 1 hour 

under constant stirring in these two separated solutions. The second stage inVolved chelating Mg2+ ions in the solution by 

mixing the citric acid solution with magnesium nitrate solution. However, the temperature of the mixed solutions was kept 

within a boundary of 90° C for 3 h. under fixed stirring. The third stage can be inVolved adding EG to control crystal growth, 

with a mass ratio of EG/ CA = 3/2. After some time, the color of the final solution began to change due to water evaporation to 

yellowish. The Final stage represents the formation of a totally viscous gel with a brown color. Then dehydrated, the obtained 

gel and calcinated in a furnace device (PIF 160/15- Made in Turkey) at a moderate temperature for 120 minutes at 420° C with 

a rate of heating 3°C./min. To preparation of (Mg(1-x)pbxO)-NPs doped specimen, where (0 ≤x ≤ 0.03). This involves the 

preparation of an additional stabilized hydrous solution of lead nitrite that was dissolved in the distilled water individually and 

stirred for 1 h. Then, the citric acid is added into a mixture of lead nitrite and magnesium nitrite to chelate Pb2+ and Mg2+ in 

the solution. Continued same procedures to produce all the (Mg(1-x)pbxO)-NPs powder specimens.  

3. Instrumentals Techniques  

All the pure and doped (Mg(1-x)PbxO)-NPs specimens, where (0≤x≤0.03), were tested by the powder of obtained 

specimens. The structure of the produced specimens was analyzed by employing X-Ray Diffraction using a diffractometer 

(Shimadzu-6000 with Cu-Kα beam λCu=1.5406Å) and Fourier transform infrared spectroscopy FTIR spectroscopy device 

(lapX\ Canada). Differential thermal analysis. (DTA-50 Shimadzu Japan) was used to investigate the temperature of 

calcinated. 

4. Results and Discussion 

4.1 Thermal Differential Analysis DTA 

To examine the thermal stability and oxidation behavior of Mg(OH)2 into MgO and detect a convenient calcination 

temperature for constructing MgO powder. The obtained precursor of pure Mg(OH)2 sample was subjected to DTA analysis 

by heating the untreated specimen in the temperature area from 25.-800 °C at a rate of 10°.C\.min
-1

. 

Figure 1 DTA graph of Mg(OH)2 attained by the reaction of magnesium nitrite with citric acid. It is found from the (DTA) 

curve that the prepared Mg(OH)2 decomposition thermally by experiencing three thermal stages. The first one is related to the 

elimination of hygroscopic molecules . of water; however, these molecules are absorbed on the surface of Mg(OH)2 particles. 

As a result, the adsorbing water molecules appear as a small endothermic starting at 48°C. The second thermal stage occurs at 

353°C, which illustrates a loss of hydroxyl ions from the Mg(OH)2 structure and varies into a distorted MgO structure. This 

stage demonstrates a crucial endothermic peak. A final stage with an exothermic peak was established at 375°C and referred to 

the initiating order cubic structure of MgO, which is compatible with the early experimental investigation [41-43]. 

4.2 XRD Analysis Technique 

Generally, XRD can be used to characterize the crystallinity of nanoparticles. XRD patterns of the pure MgO-NPS and 

(Mg(1.-x)pbxO)-NPs specimens, where (0≤ x≤ 0.03)after being calcinated at 420 °C, for 120 minutes with the rates of heating 

3°C.\ min, are analyzed then compared with standard JCDPS cards. 
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The reflections are provided by the (Mg(1-x)pbxO)-NPs and pure MgO-.NPs specimens are seen in Figure 2. All 

specimens have Fm3m (#225) mostly as spacing category, and also, all doping specimens have the identical cubic structure to 

pure one [44]. 

The pure Mg. O-.NPs specimen, on the other side, demonstrated five significant peaks were observed at (36.6325, 42.6868, 

61.9761, 74.3027, and 78.2192) that compatible with [ICSD PDF version 01-075-0447]. These conclusions are compatible 

with previous studies [24, 26, and 44]. 

The XRD Figure for the (Mg .0.97Pb .0.03O) specimen, on the other side, demonstrates an extra peak that correlates to the 

oxide of PbO. The unusual peaks occur at locations (29.20 and 30.315), respectively, that have been correlated with [ICSD 

PDF No. 00-005-0570] due to differences in ionic radius of Pb
2+

 and Mg
2+

, which are (1.19 and 0.72) Å ions [44]. 

The mean size of crystallite (D) along the planes of (220) and (200) increased for the six samples located in the first part. 

In contrast, the diffracting factor of the ions of Pb
2+

 continued to increase due to facilitating the crystalline growth and 

crystallization of MgO-NPs. Furthermore, it can be attributed to the difference in ionic radius between dopants and host lattice; 

however, it was reduced for the (Mg0.97Pb0.03O) sample due to the formation of PbO Phase [44-46]. Figure 3 shows the 

variation of crystallite size according to the increase in the fraction of doping. 

   
  

     
           (1) 

4.3 FTIR Spectroscopy for (Mg(1.-x)pbxO)-NPs specimens 

The Fourier transition infrared spectra of the produced (Mg(1.-x)pbxO)-NPs, (0≤x≤0.03) specimens by Pechini technique, 

calcianed at 420 °C for 120 minutes are demonstrated in Figure 4.  

FT-IR for MgO-NPs specimen demonstrates that water molecules were adsorbed and absorbed on the surface of the 

specimen as cleared by the presence of broadband at (1650-3457) cm
-1

 allocated to the –OH  bending and stretching vibrations, 

respectively, due to the special characteristic of MgO-NPs, in which it adsorbs moisture from the environment [47,48]. 

The vibrations of carbonate groups, however, the bands at the peak 1443 cm
-1

 corresponded to the vibrations of C-H. The 

absorption at the peaks 1250,1093,1050,860 cm
-1

 can be assigned to C-O vibration [28, 49, and 50]. Furthermore, due to 

atomic orbitals' vibrations, materials-based metal-oxide emit ranges between 1000 and 400 cm
-1

. 

 

 

Figure 1: DTA curve of Mg(OH).2 decomposition thermally in the                                                  

ithe temperature ranging from 25 - 800 °C with the rates of heating 10 °C\.min-1 

 

Figure 2: XRD analysis for (Mg1-xpbxO)-NPs specimens calcined at 420oC for 120 minutes [44] 
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                      Figure 3: The relationship between crystalline size and increasing in the percentage of doping 

 

 

                               Figure 4: FTIR for Mg(x-1)PbxO specimens calcined at 420oC for 120 minutes. 
 

For MgO-NPs specimens, the area correlates to Mg-O about 782-400 cm
-1

, which correlates to Mg-O or Mg-O-Mg 

deformation vibration [51].  

A comparison of the doping specimens demonstrates that all spectra have identical signals since they all comprise the same 

key framework part, the MgO-NPs structures [52, 53] nearly slight variation in the band's intensity in 3450-1650 cm
-1

. This 

can be attributed to -OH stretching frequency assigned due to the hydroxyl group present in the oxide [47, 54]. There was a 

slight shift in the carbonate groups band due to the incorporation of more binding Pb molecular in the ranging 1650-805 cm
-1

. 

However, there is notable variation in the intensity of the C-H bands with increasing the fraction of doping [54]. The bands at 

about 804-400 cm
-1

 are assigned to O-Mg [55] and O-Pb [56] vibrations, respectively. It can be noted that the bands get 

broader, and the intensities increase as the incorporation of Pb
2+

 ions increases in the ranging 800-400 cm
-1

 due to the 

difference in the electronic structure between Pb
2+ 

 and MgO host lattice [57]. 

5. Conclusions 

All the doped and pure specimens were successfully made by the modified Pechini procedure. The temperature of 

decomposition thermally from Mg(OH)2 to MgO was 375
°
C. The structure investigation revealed that all the specimens have 

identical space groups and index well to cubic structure. The obtained crystallite size by Scherrer's equation was increased with 

increasing the fraction of doping except for (Mg0.97Pb0.03O) due to the formation of PbO oxide. The molecular vibration 

demonstrated that all the pure and doped specimens have the same framework. As the incorporation of Pb
2+

 ions increased, the 

bands got broader. The intensities increased in the ranging 800-400 cm
-1

 confirmed the incorporation of Pb
2+

 ions into the 

place of Mg
2+

 ions in the lattice. 
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