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Abstract 

Diarun 50% + MgO 50% nanocomposites were synthesized via wet chemical methods and 

subsequently annealed at temperatures of 200°C, 400°C, and 600°C. The annealing process was 

employed to enhance the crystallinity and interfacial interactions between the constituents, thereby 

improving the overall thermal stability and performance of the nanocomposites.  A comprehensive 

characterization was conducted using X-ray diffraction (XRD), Fourier-transform infrared 

spectroscopy (FTIR), ultraviolet-visible spectroscopy (UV), scanning electron microscopy (SEM), 

atomic force microscopy (AFM), and particle size analysis. XRD analysis revealed the crystalline 

structure evolution, while FTIR provided insights into chemical bonding. UV spectroscopy elucidated 

the optical properties, while SEM and AFM offered surface morphology and topography details. 

Particle size analysis enabled the determination of size distribution. This multi-technique approach 

provides a thorough understanding of the structural, chemical, optical, morphological, and size-related 

properties of Diarun 50% + MgO 50% nanocomposites, crucial for their potential applications. 
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1. Introduction 

Nanoparticles have gained significant attention in various scientific fields due to their unique 

properties and potential applications in diverse areas, including medicine, electronics, and catalysis 

[1]. Among the myriad nanoparticles explored, magnesium oxide (MgO) nanoparticles exhibit 

exceptional properties such as high surface area, chemical stability, and biocompatibility, making them 

promising candidates for multifaceted applications [2-4]. 

Diarun, a herbal extract derived from Rumi Herbals India, has emerged as a promising dopant 

for modifying the properties of metal oxide nanoparticles. With its rich composition of organic 

compounds and bioactive constituents, Diarun offers a novel approach to enhance the functionality 

and performance of nanomaterials [5].Diarun is a pharmaceutical compound that has garnered 

considerable attention in recent years due to its potential therapeutic applications in the field of 

medicine. This drug, with its unique chemical composition and pharmacological properties, holds 

promise for addressing various medical conditions and improving patient outcomes. 

Synthesis methods play a crucial role in tailoring the size, morphology, and surface properties 

of MgO nanoparticles [6,7], thereby influencing their performance and applicability [8]. Various 

synthesis techniques including sol-gel [9], hydrothermal [10], combustion [11], and wet chemical [12] 

methods have been employed to fabricate MgO nanoparticles with controlled characteristics. 

Moreover, the dopant-induced modification of MgO nanoparticles has emerged as an effective strategy 

to further enhance their properties for specific applications [13]. Doping MgO with different elements 
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or compounds can introduce new functionalities, improve stability, and enhance performance, thereby 

expanding the potential applications of MgO nanoparticles [14-16]. 

In this study, we aim to systematically explore the impact of annealing temperature on the 

structural, optical, and morphological attributes of Diarun-MgO nanocomposites synthesized through 

the chemical precipitation method [3,17-26]. Employing a multi dimensional characterization 

approach encompassing X-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy, 

UV-Vis spectroscopy, scanning electron microscopy (SEM), atomic force microscopy (AFM), and 

particle size analysis (PSA), our research endeavours to unravel the structural evolution, phase 

transitions, chemical bonding, optical properties, surface morphology, and particle size distribution of 

the nanocomposites across varying annealing temperatures.  

This study focuses on the wet chemical synthesis of Diarun-doped MgO nanoparticles and the 

comprehensive characterization of their physicochemical properties. Diarun belongs to a class of 

compounds known for their targeted effects on specific biological pathways, making them valuable 

candidates for the development of novel pharmaceutical interventions. The exploration of Diarun as a 

therapeutic agent involves understanding its mechanisms of action, pharmacokinetics, and potential 

applications across a range of medical scenarios. 

 

2. Materials and Methods 

2.1. Materials used The materials used in the synthesis include Diarun, procured from Rumi Herbals 

India. Furthermore, analytical-grade double-distilled water, sodium hydroxide (NaOH), and 

magnesium oxide (MgO) were employed in the synthesis procedure. 

2.2. Synthesis procedure The wet chemical synthesis procedure commenced with the dissolution of 

20 grams of Diarun powder in de-ionized water, followed by stirring for 15 minutes at room 

temperature using a magnetic stirrer. Simultaneously, 20 grams of Magnesium oxide (MgO) were 

dispersed in double-distilled water. In parallel, a NaOH solution was gradually added drop wise to the 

Diarun solution until the pH attained 11, and continuous stirring persisted for 30 minutes to facilitate 

the wet chemical reaction. Throughout this process, the solution exhibited a distinctive dark red colour 

indicative of the reaction progress. Upon precipitation, the solution underwent intense stirring for an 

additional 3 hours at 70º C utilizing a hot plate magnetic stirrer. After the wet chemical synthesis phase, 

the solution underwent thorough washing with hot water (3-5 times) to eliminate impurities. The 

resultant mixture was then subjected to filtration, and the filtered samples were dried at 70º C for 12 

hours to achieve a powdered state. Finally, the synthesized samples underwent annealing at 

temperatures of 200º C, 400º C, and 600º C, each for duration of 2 hours, aimed at further enhancing 

their properties. 

2.3. Characterisation techniques X-ray diffraction (XRD) patterns were collected for the prepared 

samples using the powder XRD technique, employing Cu-Kα radiation (λ=1.54060 Å) at 40 KV and 

30 mA. Fourier Transform Infrared (FTIR) spectra spanning the range of 4000-400 cm⁻¹ were recorded 

using a Magna IR spectrometer 550 Nicolet UV-visible spectra were captured using the Jasco Nicolet 

670 W Japan spectrophotometer. Scanning electron microscopy was employed to examine the 

morphological characteristics of both pure and variously Diarun doped MgO nanoparticles. Atomic 

Force Microscopy (AFM) images were obtained using Agilent 5100, USA. The Particle Size Analyzer 

(Nano Plus Micromeritics) was utilized to analyze the particle size distribution.  

 

3. Results and Discussion 

3.1. X-ray Diffraction X-ray diffraction (XRD) analysis was employed to explore the crystalline 

structure and average crystallite sizes of Diarun 50% + MgO 50% nanocomposites synthesized via wet 

chemical method. The nanocomposites were subsequently annealed at different temperatures. The 

XRD patterns obtained at 200°C, 400°C, and 600°C exhibited clear diffraction peaks corresponding 

to distinct crystallographic planes. The determination of average crystallite sizes was carried out 

utilizing the Debye’s-Scherrer equation , 

𝐷 =
𝐾𝜆

𝛽𝐶𝑂𝑆𝜃
 (1) 

At 200°C, the average crystallite size recorded in Table 1 was 27.91 nm. Subsequent annealing 

at 400°C led to an increase in the average crystallite size to 21.97 nm, while further annealing at 600°C 
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resulted in a slightly smaller average crystallite size of 22.07 nm. These results indicate a temperature-

dependent influence on crystallite growth within the nanocomposite structure, suggesting that 

variations in the annealing process impact the material's crystallinity and structural properties. The 

XRD analysis offers valuable insights into the structural evolution of Diarun-MgO nanocomposites 

under different annealing conditions. 

Additionally, the dislocation density () of Diarun 50% + MgO 50% nanocomposites was 

investigated at various annealing temperatures. The dislocation density () is calculated using 

Williamson and small man’s formula in lines/m2
 

𝛿 =
𝑛

𝐷2  (2) 

Where n is approximately equal to 1, D is the crystallite size. Results revealed a dislocation density 

of 1.2831015 lines /m2 at 200°C, 2.071015 lines /m2 at 400°C, and 2.83621015 lines /m2 at 600°C. 

These observations underscore a temperature-dependent influence on dislocation density within the 

nanocomposite structure, implying that alterations in the annealing process impact the material's 

structural characteristics. 

 

Williamson-Hall Method In XRD data, the broadening (𝛽𝑟) of the peaks is due to the combine effect 

of crystalline size (𝛽𝐷) and micro strain (𝛽𝜀), i.e, 

Total broadening = Broadening due to crystallite size + Broadening due to strain 
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 𝛽𝑟 = 𝛽𝐷 + 𝛽𝜀  (3) 

Where 𝛽𝑟 is the broadening, 𝛽𝐷 is broadening due to crystallite size and 𝛽𝜀 is the broadening due to 

strain. 

From the Scherer equation, we know that, 

𝛽𝐷 =
𝑘𝜆

𝐷 𝐶𝑜𝑠𝜃
  (4) 

Where 𝛽𝐷 is the FWHM (i.e. broadening of the peak) in radiand, 𝑘 = 0.9 is the shape factor, 𝜆 =
0.15406 𝑛𝑚 is the wavelength of X-ray source, 𝐷 is the crystallite size and 𝜃 is the peak position in 

radians. 

Similarly, the XRD peak broadening due to micro strain is given by, 

𝛽𝜀 = 4𝜀 𝑡𝑎𝑛𝜃  (5) 

Where, 𝛽𝜀 is the broadening due to strain, 𝜀 is the strain and 𝜃 is the peak position in radians. 

Putting equation (4) and (5) in equation (3), we get, 

𝛽𝑟 =
𝑘𝜆

𝐷 𝐶𝑜𝑠𝜃
+ 4𝜀 𝑡𝑎𝑛𝜃 (6) 

Therefore, equation (6) can be written as, 

𝛽𝑟 cos 𝜃 = 𝜀(4 sin 𝜃) +
𝑘𝜆

𝐷
 (7) 

Equation (7) depicts a linear relationship, where 𝜀 signifies the gradient (slope) of the line, and 
𝑘𝜆

𝐷
 

denotes the y-intercept. 

Let’s consider the standard equation of a straight line, 

𝑦 = 𝑚𝑥 + 𝑐  (8) 

Where 𝑚 is the slope of line and 𝑐 is the y-intercept. 

Comparing equation (7) with equation (8), we have, 

𝑦 = 𝛽𝑟 cos 𝜃  (i) 

𝑚 = 𝜀   (ii) 

𝑥 = 4 sin 𝜃  (iii) 

𝑐 =
𝑘𝜆

𝐷
   (iv) 

The value of "𝑚" representing the gradient (slope) of the line, is indicative of the strain "𝜀". 

Subsequently, the crystallite size can be calculated from the y-intercept using the formula 
𝑘𝜆

𝐷
. 

The crystalline size of Diarun 50% + MgO 50% nanocomposites annealed at various 

temperatures was determined using the Williamson-Hall method. Analysis revealed crystalline sizes 

of 24.41 nm at 200°C, 26.76 nm at 400°C, and 9.01 nm at 600°C, indicating a temperature-dependent 

effect on the nanocomposite structure. The slope obtained from the Williamson-Hall plot was 3.856E-

4 at 200°C, 0.00152 at 400°C, and 0.00337 at 600°C, corresponding to strains within the 
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nanocomposites. These findings suggest that variations in the annealing process influence the 

material's structural characteristics. 

Table 1: XRD Analysis of Diarun 50% + MgO 50% Nanocomposites annealed at 200°C, 400°C, 

and 600°C 

Annealing 

Temperature 
Pos. [°2Th.] FWHM Left [°2Th.] d-spacing [Å] 

Crystallite size 

D (nm) 

200℃ 

18.4449 0.3936 4.81030 20.45808 

32.8172 0.4723 2.72912 17.54273 

37.9586 0.1574 2.37046 53.39756 

50.8064 0.3936 1.79712 22.35303 

58.6767 0.1968 1.57345 46.32326 

62.0401 0.7872 1.49598 11.77997 

68.3145 0.4723 1.37308 20.33295 

72.0730 0.3936 1.31045 24.9668 

400℃ 

18.5824 0.3936 4.77503 20.46208 

32.9703 0.4723 2.71680 17.54964 

38.0791 0.4330 2.36324 19.41759 

42.4792 0.5510 2.12808 15.47539 

50.8950 0.4723 1.79419 18.63515 

56.7916 0.2755 1.62112 32.79203 

58.7105 0.1968 1.57263 46.33093 

62.0167 0.3936 1.49649 23.55706 

68.4183 1.2595 1.37125 7.629342 

72.2502 0.5510 1.30767 17.85481 

600℃ 

10.7076 1.8893 8.26252 4.225432 

18.6122 0.6298 4.76745 12.78853 

32.5858 0.2362 2.74797 35.05728 

34.4090 0.2362 2.60643 35.22537 

37.8958 0.3936 2.37424 21.34958 

42.8616 0.1968 2.10998 43.38441 

50.7715 0.6298 1.79827 13.96774 

53.7837 0.3936 1.70445 22.63967 

58.6303 0.3936 1.57458 23.15637 

62.0828 0.1968 1.49506 47.13044 

69.0264 1.2595 1.36065 7.657041 

72.2298 0.9446 1.30799 10.41364 

74.3962 0.9446 1.27518 10.56102 

78.3988 0.4723 1.21980 21.71002 

 

Table 2: W-H plot of Diarun 50% + MgO 50% Nanocomposites annealed at 200°C, 400°C, and 

600°C 

Annealing 

Temperature 
𝟐𝜽 (degree) 

𝟐𝜽 

in radians 

FWHM (𝜷𝒓) 

in degree 

FWHM 

in radians 
𝜷𝒓 𝐜𝐨𝐬 𝜽  𝟒 𝐬𝐢𝐧 𝜽  

200℃ 

18.4449 0.160962 0.3936 0.00687 0.006781 0.641072 

32.8172 0.286384 0.4723 0.008243 0.007907 1.129942 

37.9586 0.331251 0.1574 0.002747 0.002598 1.300906 

50.8064 0.443369 0.3936 0.00687 0.006205 1.715942 

58.6767 0.512051 0.1968 0.003435 0.002994 1.959864 

62.0401 0.541402 0.7872 0.013739 0.011774 2.061352 

68.3145 0.596156 0.4723 0.008243 0.006821 2.245864 
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72.073 0.628956 0.3936 0.00687 0.005555 2.353202 

400℃ 

18.5824 0.162162 0.3936 0.00687 0.006779 0.645809 

32.9703 0.28772 0.4723 0.008243 0.007904 1.135067 

38.0791 0.332303 0.433 0.007557 0.007144 1.304883 

42.4792 0.370701 0.551 0.009617 0.008964 1.449075 

50.895 0.444143 0.4723 0.008243 0.007443 1.718736 

56.7916 0.4956 0.2755 0.004808 0.00423 1.902239 

58.7105 0.512346 0.1968 0.003435 0.002994 1.960893 

62.0167 0.541198 0.3936 0.00687 0.005888 2.060652 

68.4183 0.597062 1.2595 0.021982 0.018179 2.248862 

72.2502 0.630502 0.551 0.009617 0.007768 2.358201 

600℃ 

10.7076 0.093441 1.8893 0.032975 0.032831 0.373222 

18.6122 0.162422 0.6298 0.010992 0.010847 0.646836 

32.5858 0.284365 0.2362 0.004122 0.003957 1.122191 

34.409 0.300275 0.2362 0.004122 0.003938 1.183132 

37.8958 0.330703 0.3936 0.00687 0.006497 1.298833 

42.8616 0.374038 0.1968 0.003435 0.003197 1.461509 

50.7715 0.443065 0.6298 0.010992 0.009931 1.714842 

53.7837 0.469351 0.3936 0.00687 0.006127 1.809231 

58.6303 0.511646 0.3936 0.00687 0.00599 1.958452 

62.0828 0.541775 0.1968 0.003435 0.002943 2.062629 

69.0264 0.602369 1.2595 0.021982 0.018113 2.266384 

72.2298 0.630324 0.9446 0.016486 0.013318 2.357626 

74.3962 0.649229 0.9446 0.016486 0.013132 2.418291 

78.3988 0.684159 0.4723 0.008243 0.006388 2.528085 

 

 
Figure 1: XRD pattern of Diarun50% + MgO 50% Nanocomposites annealed at 200°C, 400°C, 

and 600°C 
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Figure 2: W-H plot of Diarun 50% + MgO 50% Nanocomposites annealed at 200°C, 400°C, 

and 600°C 

3.2. Fourier Transform Infrared Analysis 

 The FTIR analysis of Diarun 50% + MgO 50% Nanocomposites annealed at different 

temperatures revealed distinct absorption peaks indicative of specific functional groups within the 

nanocomposites. At 200°C, prominent peaks were observed at 428.52 cm-1 (Mg-O stretching), 451.23 

cm-1 (Mg-O bending), 466.65 cm-1 532.52 cm-1 (Mg-O bending), 1052.07 cm-1, 1325.43 cm-1, 1466.86 

cm-1,changes in the aromatic and aliphatic C-H stretching vibrations, 3422.27 cm-1 and 3698.41 cm-1 
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(O-H stretching). Upon annealing at 400°C, additional peaks emerged at 419-480 cm-1may be 

attributed metal oxygen bond and C-O stretching, 516.77 cm-1and 571.45 cm-1represent bending 

vibrations involving Mg-O bonds, and 3698.60 cm-1 (O-H stretching). At 600°C, the spectrum 

exhibited peaks at 425 cm-1, 433.79 cm-1, 442.96 cm-1, 451.85 cm-1, 458.50 cm-1, 463.21 cm-1, 470.35 

cm-1, 475.85 cm-1, indicates the various functional groups such as C-O stretching and metal-oxygen 

bonds, 1469.94 cm-1, 3411.81 cm-1, and 3699.18 cm-1 (O-H stretching). These results suggest 

variations in the chemical composition and bonding within the nanocomposites as a function of 

annealing temperature. 

 
Figure 3: FTIR analysis of Diarun 50% + MgO 50% Nanocomposites annealed at 200°C, 

400°C, and 600°C 

3.3. Ultraviolet Analysis 

 The UV absorption spectra of the Diarun 50% + MgO 50% nanocomposites exhibited 

distinctive absorption peaks corresponding to different annealing temperatures, as illustrated in Figure 

4. These absorption peaks represent the absorption of UV light by the nanocomposites, indicating 

electronic transitions within the material. Furthermore, the bandgap values of the nanocomposites were 

determined based on the onset of absorption in the UV spectra. This was achieved through Tauc plot 

analysis, as depicted in Figure 5. 

At 200°C annealing temperature, the UV absorption peak was observed at 301 nm. 

Concurrently, the bandgap value of the nanocomposites was calculated to be 2.76 eV. This absorption 

peak corresponds to the absorption of UV light by the nanocomposites, signifying electronic transitions 

within the material. The calculated bandgap value indicates the energy difference between the valence 

band and the conduction band, providing insights into the nanocomposite's electronic properties. Upon 

annealing at 400°C, the UV absorption peak shifted to 300 nm, accompanied by a decrease in the 

bandgap value to 2.67 eV. The shift in absorption wavelength suggests modifications in the electronic 

structure or composition of the nanocomposites due to annealing at higher temperatures. The decrease 

in bandgap value indicates a narrowing of the bandgap energy, possibly resulting from enhanced 

crystallization or phase transformations induced by the annealing process. At 600°C, the UV 

absorption peak further shifted to 298 nm, accompanied by a reduction in the bandgap value to 2.55 

eV. This shift in absorption wavelength and decrease in bandgap value indicate additional alterations 

in the electronic structure or composition of the nanocomposites at elevated temperatures. The 

observed changes in the bandgap energy suggest further modifications in the nanocomposites' 

electronic transitions and energy levels due to annealing-induced structural rearrangements or phase 

transitions. 
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Figure 4: UV analysis of Diarun 50% + MgO 50% Nanocomposites annealed at 200°C, 400°C, 

and 600°C 

 
Figure 5: Tauc plot of Diarun 50% + MgO 50% Nanocomposites annealed at 200°C, 400°C, 

and 600°C 

3.4. Scanning Electron Microscope Analysis 

 SEM micrographs were obtained to investigate the surface morphology of Diarun 50% + MgO 

50% nanosamples annealed at different temperatures (200°C, 400°C, and 600°C) by wet chemical 

synthesis. At 200°C annealing temperature, the SEM micrograph (Figure 6a) revealed nanosamples 

exhibiting a triticum shape morphology. The particles appeared well-defined with sharp edges, and the 

average particle size was measured to be approximately 20 nm. The triticum shape morphology 

suggests a distinctive crystalline structure, which may be attributed to the annealing process at this 

temperature. Upon annealing at 400°C, the SEM micrograph (Figure 6b) depicted nanosamples with 

an agglomerated spherical shape morphology. The particles exhibited a tendency to cluster together, 

forming larger agglomerates compared to the 200°C annealed samples. Despite the agglomeration, the 

particles maintained a relatively spherical shape. The average particle size was determined to be around 

21 nm, slightly larger than that observed at 200°C. At an annealing temperature of 600°C, the SEM 

micrograph (Figure 6c) exhibited nanosamples with a cauliflower-like morphology. The particles 

displayed irregular shapes with multiple protrusions resembling the florets of a cauliflower. The 

surface appeared more textured compared to the samples annealed at lower temperatures. The average 

particle size was measured to be approximately 23 nm, indicating a slight increase in size compared to 

the samples annealed at lower temperatures. 
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Figure 6 (a): SEM micrographs of Diarun 50% + MgO 50% nanosamples for magnification at 

200℃ 

 

 
Figure 6 (b): SEM micrographs of Diarun 50% + MgO 50% nanosamples for magnification at 

400℃ 
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Figure 6 (c): SEM micrographs of Diarun 50% + MgO 50% nanosamples for magnification at 

600℃ 

3.5. Atomic Force Microscope Analysis 

 AFM images of Diarun (50%) + MgO (50%) nanoparticles obtained at different annealing 

temperatures revealed distinct variations in the surface morphology of the nanoparticles. Analyzing 

the nanocomposites in both vertical and horizontal orientations enabled the identification of any 

directional variations in grain size. The flatness profile along vertical and horizontal lines demonstrated 

the uniformity of the nanoparticle surfaces shown in figure (a, b, d, e, g, h) at different annealing 

temperature. The histogram distribution of grain size provided a statistical representation of the grain 

size distribution within the nanoparticle. Furthermore, the 3D view of surface roughness shown in 

figure (c, f, i). This approach allowed for quantitative assessments, encompassing parameters such as 

root mean square roughness (Rq) and average roughness (Ra) and grain size measurements are listed 

in table 3, in addition to comprehensive scrutiny of images from different perspectives. The grain size 

analysis showed a decrease in grain size with increasing annealing temperature, with values of 14.825 

nm at 200°C, 9.11 nm at 400°C, and 11.065 nm at 600°C. 

  
(a) (b) 
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(c) 

Figure 7 (a-c): AFM images of the Diarun (50%) + MgO (50%) nanoparticles at 200°C (a, b) 

flatness profile (vertical and horizontal line) and histogram distribution of grain size, (c) 3D view 

of surface roughness 

 

  
(d) (e) 

 
(f) 

Figure 7 (d-f): AFM images of the Diarun (50%) + MgO (50%) nanoparticles at 400°C (d, e) 

flatness profile (vertical and horizontal line) and histogram distribution of grain size, (f) 3D 

view of surface roughness 

 

  
(g) (h) 
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(i) 

Figure 7 (g-i): AFM images of the Diarun (50%) + MgO (50%) nanoparticles at 600°C (g, h) 

flatness profile (vertical and horizontal line) and histogram distribution of grain size, (i) 3D 

view of surface roughness 

Table 3: Surface characteristics and grain size of Diarun (50%) + MgO (50%) at different 

annealed temperature 

Annealing Temperature (°C) Rq (nm) Ra (nm) Grain Size (nm) 

200 
V 18.083 11.367 16.07 

H 14.667 9.604 13.58 

400 
V 13.090 8.627 12.2 

H 6.169 4.261 6.02 

600 
V 17.172 11.753 16.62 

H 5.906 3.903 5.51 

 

3.6. Particle Size Analyser 

 To investigate the effect of annealing temperatures on the particle size distribution of Diarun 

50% + MgO 50% nanocomposites, a particle size analyzer was employed and shown in figure 8. The 

particle size distribution of the nanocomposites exhibited a decrease in the average particle size with 

increasing annealing temperature. This trend is consistent with the thermal decomposition and 

sintering of the nanocomposites, which leads to the formation of smaller and more uniform particles. 

The polydispersity index, which indicates the degree of particle size distribution, also decreased with 

increasing annealing temperature, suggesting a more uniform particle size distribution at higher 

temperatures. 

The results indicate that the annealing process at 600°C produced the smallest average particle 

size (D(50%) = 136.2 nm) and the most uniform particle size distribution (polydispersity index = 

0.296). This suggests that the nanocomposites synthesized at 600°C have the potential to exhibit 

enhanced thermal properties due to the smaller and more uniform particle size distribution. In contrast, 

the annealing process at 200°C produced the largest average particle size (D(50%) = 140.2 nm) and 

the least uniform particle size distribution (polydispersity index = 0.285). This indicates that the 

nanocomposites synthesized at 200°C may have inferior thermal properties due to the larger and more 

heterogeneous particle size distribution. The annealing process at 400°C produced an intermediate 

particle size distribution (D(50%) = 117.7 nm) and polydispersity index (0.315), suggesting that the 

nanocomposites synthesized at 400°C may have a balance between thermal properties and particle size 

distribution. 

In summary, the particle size analysis of Diarun-MgO nanocomposites revealed that the 

annealing process at 600°C produced the smallest and most uniform particle size distribution, which 

may lead to enhanced thermal properties. The annealing process at 200°C produced the largest and 

least uniform particle size distribution, which may lead to inferior thermal properties. The annealing 

process at 400°C produced an intermediate particle size distribution, which may lead to a balance 

between thermal properties and particle size distribution. These findings provide valuable insights into 

the optimization of Diarun-MgO nanocomposites for various thermal management applications. 
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Figure 8: Particle size distribution of Diarun 50% + MgO 50% nanocomposites at annealing 

temperatures of 200°C, 400°C, and 600°C 

 

3.7. Conclusion  

 In conclusion, the comprehensive investigation of Diarun 50% + MgO 50% nanocomposites 

synthesized via wet chemical methods and subjected to varying annealing temperatures has provided 

valuable insights into their structural evolution and properties. Through a combination of analytical 

techniques including X-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy, 

Williamson-Hall analysis, and dislocation density measurements, a detailed understanding of the 

nanocomposites' characteristics has been achieved. The XRD analysis revealed distinct diffraction 

peaks corresponding to different crystallographic planes at each annealing temperature, indicating 

variations in crystallinity. Furthermore, the determination of average crystallite sizes using the 

Debye’s-Scherrer equation demonstrated a clear temperature-dependent effect on crystallite growth. 

These findings underscore the significance of annealing conditions in modulating the structural 

characteristics of nanocomposite materials. FTIR spectroscopy provided insights into chemical 

bonding and functional group changes, while SEM imaging revealed morphological variations. 

Particle size analysis elucidated size distribution trends, and AFM imaging captured surface 

topography alterations. Moving forward, optimizing synthesis parameters and annealing protocols will 

be essential for tailoring the structural and functional properties of Diarun-MgO nanocomposites to 

meet specific application requirements. Overall, this study contributes to a deeper understanding of 

the relationship between synthesis conditions, annealing processes, and the resulting properties of 

nanocomposite materials, laying the foundation for their utilization in various technological 

applications. 
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