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Abstract 

In recent years, zinc oxide (ZnO) nanoparticles (NPs) have gained prominence as a remarkable metal 

oxide material, showcasing unique physical and chemical properties for heat transfer applications. The 

characterization of significant features relies on techniques such as powder X-ray diffraction (XRD) 

which unveils the structural properties and behavior of NPs. The influence of storage conditions on the 

XRD pattern of ZnO NPs was investigated in this study. Newly synthesized ZnO NPs were hermetically 

stored at room temperature for 6 months. The XRD pattern of ZnO NPs revealed distinct peaks at 2θ 

diffraction angles of 31.74, 34.40, 36.23, 47.53, 56.60, 62.87, 66.40, 67.97, and 69.10°, indicating their 

crystallization in a wurtzite hexagonal structure. Using the Debye Scherrer equation, the average 

crystallite size of the ZnO NPs was determined as 22.29 nm. 

 

Keywords: Zinc oxide, powder X-ray diffractogram, wurtzite hexagonal structure, Debye-Scherrer 

equation 

 

1. Introduction 

Over the past few years, zinc oxide (ZnO) has emerged as a compelling metal oxide material 

due to its distinctive physical and chemical attributes. These include notable traits like 

exceptional chemical and mechanical stability, extensive radiation absorption capabilities, 

significant catalytic activity, electrochemical coupling coefficient, and inherent non-toxicity 

(Mohan and Renjanadevi, 2016) [9]. The prominent properties of nanoparticles (NPs) can be 

evaluated by using various characterization techniques like scanning electron microscope 

(SEM) and powder X-ray diffraction (XRD) etc. The structural properties and behavior of NPs 

are significantly reflected in their X-ray diffraction (XRD) pattern. XRD is used to determine 

the crystallographic structure, crystal structure, and size of NPs. ZnO has the potential to 

manifest as two-dimensional formations, including nano pellets and nanosheets/nanoplates 

(Kołodziejczak and Jesionowski, 2014) [5]. This research delves into the impact of storage 

conditions on the XRD pattern of ZnO NPs. Newly synthesized ZnO NPs were stored at 

ambient conditions for a duration of 6 months inside an airtight container. The analysis of 

alterations in the XRD pattern provided valuable insights into NPs stability, crystallinity, and 

potential phase changes. These discoveries enhance comprehension of the correlation between 

storage conditions and the XRD pattern of ZnO NPs, carrying implications for their practical 

utilization and characterization.  

 

2. Materials and Methods 

2.1 Storage of ZnO nanoparticles  

The study aimed to examine the crystallographic structure, crystal structure, and size of ZnO 

NPs after a 6-months storage period. Freshly prepared ZnO NPs were prepared and stored in 

optimal conditions in an airtight plastic bottle at room temperature and pressure. 

 

2.2 Sample preparation and testing 

X-ray diffraction (XRD) is commonly used to measure the type, shape, and size of crystals. In 

this study, the ZnO NPs were analyzed using a powder X-ray diffractometer (Model: Rigaku 

SmartLab, Tokyo, Japan) within the 30-70° range of 2θ values (Fig. 1). The crystal analysis  
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was carried out using Cu-Kβ radiations with a wavelength of 

0.139 nm, a goniometer speed of 0.02 s-1, and applied voltage 

and current of 40 kV and 30 mA, respectively.  

 

2.3 Powder X-ray diffraction parameters 

The Scherrer constant and order of diffraction were taken as 

0.9 and 1, respectively. The crystal size (D) was calculated 

from the 2θ values by using Debye-Scherrer’s equation as 

given in equation 1 (Habib et al., 2018) [1].  

 

          (1) 

 

Where, D is crystal size (nm), K is Scherrer’s constant, λ is 

wavelength of X-ray (nm), β is full width at half maximum 

(FWHM) of peaks and θ is the diffraction angle (radians) (He 

et al., 2008). The crystallinity, micro strain (ε), dislocation 

density (δ) (Srinivasulu et al., 2017; Murugan et al., 2018) [14, 

11], lattice parameters (hkl), bond lengths of Zn-O (l) 

(Sangeetha et al., 2015) [13] values were determined from the 

equations 2, 3, 4, 5, and 6, respectively. 

 

   (2) 

 

          (3) 

 

           (4) 

 

      (5) 

 

      (6) 

 

Where, ε is micro strain, β is FWHM of peaks (radians), θ is 

the diffraction angle (radians), δ is dislocation density (nm-2), 

D is the crystallite size (nm), hkl are Miller indices, dhkl are 

inter-planer spacing for the planes (hkl), ‘a’ and ‘c’ are lattice 

constants (nm/radians), ‘l’ is the length of bond parallel to c-

axis (nm), ‘u’ is constant (nm/radians). Equation 7 was used 

to calculate the parameter ‘u’ (Basyooni et al., 2017) [1]. The 

lattice constants i.e., a and c were calculated using equations 8 

and 9, respectively. 

 

         (7) 

 

           (8) 

 

          (9) 

Where, λ is wavelength of X-ray (nm) and θ is the diffraction 

angle (radians). The volume (V) of unit cell for the hexagonal 

system and interplanar space was computed by using 

equations 10 and 11, respectively. 

 

          (10) 

 

          (11) 

 

Where, V is the volume of unit cell (nm3) and n is order of 

diffraction (n=1). Equations 12 and 13 were used to calculate 

the porosity of particles. 

 

      (12) 

 

         (13) 

 

 Where, NA is Avogadro’s number (6.02×1023), M is 

molecular weight (kg/mol), ρx is density calculated from XRD 

data and ρT is the theoretical density (kg/m3). 

 

 
 

Fig 1: Powder X-Ray Diffractometer 

 

The growth of (hkl) planes and crystalline orientation were 

computed in terms of texture coefficient Tc(hkl) by using 

equation 14. 
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     (14) 

 

Where, I(hkl) are the measured XRD intensities of planes (hkl) 

and I0(hkl) is standard XRD intensities of planes (hkl). 

 

2.4 Data analysis 

The data obtained from XRD testing of ZnO NPs was 

interpreted. Equation 15 was used to compute peak positions 

(2θ) values and FWHM values. The COD (R2) value was 

maintained at approximately 1. The obtained characteristic 

spectral peaks were compared with the standard values taken 

from the International Centre for Diffraction Data (ICDD) 

card No. 00-036-1451 (Zelekew et al., 2021) [15]. After 

analyzing the results, XRD planes graph was drawn and MS 

Excel was used to calculate all the parameters. 

 

      (15) 

 

3. Results and Discussions 

The XRD analysis was carried out within the range of 30 to 

70° diffraction angles in order to examine various properties 

of biogenically synthesised ZnO NPs. These properties 

include crystal size, micro strain, inter-planar space, and 

crystallinity. During analyzing the XRD data, the monopolar 

distribution condition was taken (Fig.2). The Gauss Fit or 

NLFit was done as shown in figure 3, which resulted in 

0.9949 COD (R2) value and almost complete coverage of 

XRD graph (Fig. 4).  

 

 
[ 

Fig 2: Monopolar Distribution Model 

 

The analysis revealed specific spectral peaks at 31.74, 34.40, 

36.23, 47.53, 56.60, 62.87, 66.40, 67.97, and 69.10°, which 

correspond to the various planes (100), (002), (101), (102), 

(110), (103), (200), (112), and (201) planes, respectively as 

shown in table 1 and figure 5. Similar results were obtained 

by researchers for freshly prepared samples of ZnO NPs 

(Ristic et al., 2005; Madathil et al., 2007) [12, 8]. The micro 

strain values exhibit a noticeable upward trend as the 

diffraction angles increase. The lowest micro strain value of 

0.6750 was obtained at a diffraction angle of 30°, whereas the 

highest micro strain value of 1.40 was recorded at a 

diffraction angle of 69.10°. The XRD data enabled the 

calculation of the average dislocation density of ZnO NPs, 

which was determined to be 6.91×10-3 nm-2. The purity of 

ZnO NPs was verified based on the absence of any significant 

peaks other than ZnO. The crystal size of ZnO NPs was 

determined to be 22.29 nm using Debye-Scherrer’s equation 

(Eq. 1) The obtained findings were in good agreement with 

the results concluded by other researchers as the crystal size 

of fresh ZnO NPs was found to be in the range of 30-50 nm 

(Kumar et al., 2015) [6], from 19 to 36 nm (Lahure et al., 

2015) [7], approximately 25 nm (Mohan and Renjanadevi, 

2016) [9]. The inter-planer space and spectral peaks were in 

agreement with the standard values from ICDD card No. 00-

036-1451. The degree of sharpness observed in the peaks 

reflects the crystalline nature of the samples, and the 

exclusive presence of the ICDD card No. 00-036-1451 peak 

suggested that the samples retained their original purity even 

following a storage duration of six months. The sharp peaks, 

as illustrated in figure 5, indicate the higher crystallinity 

(67.02%) and smaller size (22.29 nm) of the ZnO NPs. The 

lattice parameters from XRD analysis yielded values of 2.64 

Å for a and b, and 3.79 Å for c. The values of a, b and C for 

fresh ZnO NPs were 3.25, 3.25 and 5.21 Å (Moussa et al., 

2022) [10]. The obtained results for ZnO NPs after 6 months 

study shown similarity with the findings of previous 

researchers (Mohan and Renjanadevi, 2016) [9]. The value of 

'u' was determined to be 0.411, and the mean volume of the 

unit cell was calculated as 0.024 Å3. 

 
Table 1: Powder X-ray Diffraction Analysis of ZnO Nanoparticles 

 

2θ (degree) (hkl) planes D (standard) d (observed) Micro strain (ε) Texture coefficient (TC) Dislocation density (δ) (10-3 nm-2) 

31.744 100 2.814 2.818 0.422 0.999 1.697 

34.405 002 2.603 2.607 0.463 0.999 1.703 
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36.236 101 2.476 2.480 0.502 0.999 1.775 

47.550 102 1.911 1.914 0.769 1.000 2.126 

56.601 110 1.625 1.627 0.967 1.000 2.084 

62.878 103 1.477 1.479 1.173 1.000 2.230 

66.401 200 1.407 1.409 1.198 1.000 1.953 

67.972 112 1.378 1.379 1.380 1.000 2.398 

69.100 201 1.358 1.360 1.405 1.000 2.350 

 

The structure of ZnO NPs was determined to be wurtzite 

hexagonal in nature. The porosity and bulk density of ZnO 

NPs were determined to be 1.31% and 0.4923 g/cm3, 

respectively. The TChkl values ranged from 0.999 to 1.000, 

indicating the orientation of crystals in the (100) and (201) 

planes. The average bond length was calculated as 1.559 Å 

and the crystallinity of ZnO crystals was found to be 67.02%. 

 

 
 

Fig 5: Powder X-ray Diffractogram of ZnO Nanoparticles after 6 Months Storage 
 

4. Conclusion 

The X-ray diffractograms of ZnO NPs exhibited distinct and 

strong peaks located at 2θ diffraction angles of 31.74, 34.40, 

36.23, 47.53, 56.60, 62.87, 66.40, 67.97, and 69.10°. These 

patterns elucidated the crystallization of ZnO NPs in a 

wurtzite hexagonal structure. The application of the Debye 

Scherrer equation yielded an average crystallite size of 22.29 

nm for the ZnO NPs. Notably, the observed inter-planar 

spacing (d spacing) between atoms closely aligned with the 

standard values of ICDD card no. 00-036-1451, affirming the 

exceptional purity of the ZnO NPs after 6 months storage 

duration. The obtained results were compared with the 

available literature and results showed good agreement with 

the previous results. 
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