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ABSTRACT  8 

Transparent conducting oxide material, ZnO nanoparticles has been synthesized using inexpensive and 9 
eco-friendly synthesis procedures with less or environmental pollutants and no liquid waste products. 10 
The effect of the temperatures on the structural properties for the synthesized ZnO nanocrystals has 11 
been investigated. In this study, we report an easy, low-cost, re-producible method for synthesizing 12 
ZnO nanoparticles by means of the liquid phase method. The ZnO nanocrystals were synthesized 13 
using the wet chemical route and the effect of temperature variation on the structural properties of 14 
investigated synthesized using powder x-ray diffractogram (XRD). The temperatures for the synthesis 15 
were varied from 120 °C to 200 °C in steps of 20 °C. The results show that, during the first stage of 16 
the synthesis of ZnO (at 120 °C), the XRD diffraction pattern confirms the cubic structure of zinc 17 
peroxide and the XRD pattern of the samples obtained at temperatures of 140 °C, 160 °C, 180 °C and 18 
200 °C were confirmed to be hexagonal (wurtzite) crystal structure of ZnO. The XRD diffraction 19 
patterns of the 140 °C and 160 °C samples show some impurity phases which were associated with the 20 
zinc acetate by-product which is a colloid complex of water and methyl succinate and were removed 21 
by evaporation as temperatures were increased to 180 °C and 200 °C respectively. As temperature 22 
increases, the peak of the diffractograms of the sample becomes sharper and narrow indicating a 23 
decrease in width. A shift in peak positions to higher angles was observed and the positional parameter, 24 
bond angle, β, average crystallite size, APF, number of unit cells and density generally increase with 25 
temperature. However, the lattice parameters ‘a’ and ‘c’, bond lengths b and b1, bond angle, α, 26 
dislocation density, strain and unit cell volume were found to generally decrease with temperature. The 27 
specific surface area was observed to generally decrease from 140 °C to 180 °C but suddenly increase 28 
sharply at 200 °C. 29 
 30 
Keywords: Synthesis, ZnO, Temperature 31 
 32 

1 Introduction 33 

In a world where our dependence on most natural resources is almost always growing, it is important to 34 

research into new technologies which can sustain our needs without the use of non-renewable resources 35 

[1]. Nanotechnology is among the modern technologies which are creating waves in modern times. This is 36 

as a result of Louis Brus demonstration in 1984 that quantum confinement of the photo created 37 

electron-hole pair leads to the observed size dependent optical properties of nanocrystals. With the 38 

advancement in the development of nanotechnology, the nano-revolution is witnessing an explosion of 39 

research in diverse fields. This is made possible by metal oxide semiconductor nanocrystals also known as 40 

quantum dots [2].  41 
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Among the nanomaterials with industrial relevance and from all the transparent conducting oxide (TCO) 42 

materials considered, zinc oxide (ZnO) stands out as one of the most hopeful alongside Indium oxide 43 

(In2O3) and tin oxide (SnO2) whether pure or doped [3]. ZnO has been a focus of interest for scientists and 44 

industry for decades and has been used for pigments and protective coatings on metals, but recent interest 45 

is because of its electrical and optical properties. ZnO nanoparticles have attracted increasing attention 46 

recently as alternate materials to indium tin oxide (ITO) because of the abundant, inexpensive and above 47 

all non-toxicity of Zn when compared with most currently used TCO materials [3], [4]. Due to its 48 

non-toxicity, it is a bio-safe and a bio-compatible material and consequently is being used for numerous 49 

biomedical applications such as biomedical implants, drug carriers, cosmetics and fillings in medical 50 

materials and several wide range medical applications [5], [6]. 51 

The importance of ZnO is owed to its unique chemical stability, physical, mechanical and thermal 52 

properties, highly efficient UV emission, high excitation binding energy of 60 MeV, high optical 53 

transparency in the visible region, low electrical resistivity, eco-friendly nature and above all its low cost 54 

make it a prospective candidate for industrial and other technological applications [7], [8], [5]. 55 

ZnO also stands out from other materials because of its ability to operate in tremendous conditions such 56 

as found in nuclear reactors and in space, due to its superior radiation hardness and high thermal 57 

conductivity than the majority of other materials [5]. Interesting applications of ZnO includes transparent 58 

electrodes, thin-film transistors, light-emitting diodes, ultraviolet laser diodes and photodetectors, solar 59 

cells, gas sensors, piezoelectric nanogenerators, spintronic devices and surface acoustic wave device [9], [8], 60 

[3].  61 

In the advent of nanotechnology, several methods have been developed for the preparation of 62 

nanomaterials (particularly ZnO) [7], [8], [3] [10]. These are classified according to the medium of 63 

preparation as solution or liquid phase, solid phase and vapour phase methods [6]. Meanwhile, the 64 

production of these materials has been accomplished at a high price, with the primary challenges presently 65 

faced being the high cost of labourers and instruments, high temperature reaction and duration conditions, 66 

and an excess in generated waste.  67 

The need to develop eco-friendly synthesis procedures for the production of nanoparticles arises as a result 68 

of recent nanotechnology research. Synthesis procedures are either expensive or they produce 69 

environmental pollutants. Many groups have focused on synthesis using the solution method. However, 70 

this leads to the production of liquid waste products. Another challenge associated with such synthesis 71 

procedures is the cost of energy due to heating for a long period of time and the need to work at very high 72 

temperatures. In this study, the focal point lies on the determination of optimum conditions for the 73 

synthesis of ZnO nanocrystals by the liquid phase method at utmost temperatures of 200 °C and to 74 

investigate the effect of the temperatures on the structural properties by powder x-ray diffractometer 75 

(XRD). 76 

2 Methodology 77 

2.1 Experimental Procedures 78 

The chemicals and reagents that were used in the preparation of the samples for this experimental study 79 

were obtained from Maalab Scientific Equipment PVT, Ltd, Madhura Nagar, India. These are acetone, 80 

99%; hydrogen peroxide, 30%; methanol, 99%; ethanol, 96% and zinc acetate dehydrate, 98.50%. 81 

In this work, ZnO nanoparticles were prepared by grinding an amount of 3.292 g zinc acetate in an agate 82 

mortar with pestle and poured into a beaker containing an amount of methanol (40 ml) to dissolve. This 83 

was placed in a sonicator and sonicated for about 20 minutes till all the solute was dispersed. During the 84 

sonicating process drops of hydrogen peroxide (2 ml) were injected into the solution using a disposable 85 

syringe. The sonicating process was carried out to get the solute in the solution homogenized. The resulting 86 

solution became transparent when the zinc acetate was fully dispersed. All these processes were carried out 87 

at room temperature of (25±2) °C. The reaction mixture was transferred to a hot plate and heated slowly 88 
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to temperature range between 55 °C and 64 °C and maintained at this temperature for about 2 hrs. for 89 

complete dissolution of precursors and until all fluid was evaporated. This was to ensure that the solution 90 

did not boil since the boiling point of methanol is 65 °C. A gel was obtained. The temperature was then 91 

raised and held at 120 °C until the gel dehydrated and solidified into white crystals. Oxides are formed 92 

during hydrolysis and condensation of the dissolved species according to the following reaction:  93 

Zn(CH3COO)2•2H2O+ CH3OH +H2O2 → CH2(CH3COO)+ ZnO2 + 2H2O+ H2+1/2O2 94 

                 Thus, 95 

                              H2C-COOH 96 

                                                             + ZnO2 + 2H2O+ H2+ 1/2O2 97 

                              H2C-COOCH3 98 

The white crystals were then cooled and ground. They were then returned to the hot plate at temperatures 99 

starting from 120 °C and gradually increasing to 140 °C within 10 mins and maintained at this temperature 100 

for about one and half hours till the colour changed from white to yellowish white. This was done in order 101 

to complete thermal decomposition of the initial precursors. During drying, complete conversion of ZnO2 102 

into ZnO occurred and was observed as a colour change. The decomposition of ZnO2 was according to 103 

the equation: 104 

ZnO2→ ZnO + 1/2O2 105 

The entire procedure was repeated three times at decomposition temperatures of 160 °C, 180 °C and 200 °C 106 

for each case. This procedure has been reported earlier in the work of Armah et al [11]. 107 

2.2 Structural Characterization 108 

The crystal structure of the as prepared nanocrystals samples was studied using XRD. The powder XRD 109 

analysis was carried out using an X-ray powder diffractometer (PANalytical) with scintillation counter and 110 

monochromated CuKα (λ = 1.54056 Å) radiation. A 2θ scanning range from 20° to 70° was examined using 111 

a step size of 0.0060 and scan step time of 0.7 s and measuring temp of 25 °C.  112 

Values of lattice parameters a and c were derived from equation 1 [12], [13] [14], [15]: 113 

1

𝑑2 =
4

3
[

ℎ2+ℎ𝑘+𝑘2

𝑎2 ] +
𝑙2

𝑐2                                           (1) 114 

 115 

where d is the lattice plane spacing and h, k, l are the Miller indices. 116 

The positional or internal parameter, u which is a measure of the amount by which each atom is displaced 117 

with respect to the next along the ‘c’ axis is determined by equation 2 [7], [14], [16], [17]:  118 

𝑢 =
𝑎2

3(𝑐)2 + 0.25                                                        (2) 119 

The nearest-neighbor bond lengths along the c-direction (expressed as b) and off c-axis (expressed as b1 = L) 120 

can be calculated as follows [18], [19], [20]: 121 

𝑏 = 𝑐𝑢                                                                        (3) 122 

𝑏1 = 𝐿 = √1

3
𝑎2 + (

1

2
− 𝑢)

2
𝑐2                                   (4) 123 

The bond angles, α and β, are given by [3], [21], [22]: 124 

𝛼 =
𝜋

2
+ 𝑎𝑟𝑐𝑐𝑜𝑠 [(√1 + 3 (

𝑐

𝑎
)

2
(−𝑢 +

1

2
)

2
)

−1

]          (5) 125 
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𝛽 = 2𝑎𝑟𝑐𝑠𝑖𝑛 [(√4

3
+ 4 (

𝑐

𝑎
)

2
(−𝑢 +

1

2
)

2
)

−1

]               (6) 126 

The average crystallite size is determined from the full width at half maximum (FWHM) of the most intense 127 

diffraction line by using Debye- Scherrer equation:  128 

𝐷 =
𝐾𝜆

𝛽𝐶𝑜𝑠𝜃
                                                                  (7) 129 

 130 
where D is the particle size in nm, k is a constant of value 0.9, λ is the X-ray wavelength in nm, θ is the 131 

Bragg’s angle in radians, and β is the full width at half maximum of the peak in radians [12], [17], [23]. 132 

The dislocation density (δ), which is the number of defects in the sample is calculated using equation 8 [7], 133 

[8], [14], [24]; 134 

𝛿 =
1

𝐷2                                                                        (8) 135 

where D is the crystallite size. 136 

The strain, ε, induced in the as-prepared samples due to crystal imperfection and distortion was calculated 137 

using equation 9 [3], [12], [13], [25]: 138 

Ԑ =
𝛽

4 𝑡𝑎𝑛𝜃
                                                                  (9) 139 

The volume of the unit cell, V, is obtained from equation 10 [12] [26], [27]:  140 

𝑉 =
√3

2
𝑎2𝑐 = 0.866𝑎2𝑐                                              (10) 141 

The number of unit cells (n) in the particle is calculated from equation 11 [3], [15]: 142 

𝑛 =
4

3
𝜋(

𝐷

2
)³

1

𝑉
 = 

𝜋𝐷3

6𝑉
                                                (11) 143 

Atomic parking fraction (APF) was calculated using equation 12 [27], [28]:  144 

𝐴𝑃𝐹 =
2𝜋

3√3
(

𝑎

𝑐
)                                                       (12) 145 

The specific surface area (Sa) was determined from particle size of the ZnO nanoparticles using equation 146 

13 [3], [24]: 147 

𝑆𝑎 =
6 

𝜌×𝐷
                                                            (13)  148 

where D is the crystallite size and ρ, the density of the ZnO, is computed with aid of equation 14 [3] [14]: 149 

𝜌 =
𝑍𝑀

𝑁𝐴𝑉
                                                              (14) 150 

where Z is the number of formula units in the unit cell (ZnO is 2), M is the molecular weight of the 151 

substance (ZnO=81.4 g/mol), NA is Avogadro’s number and V is the unit cell volume of the synthesized 152 

nanoparticles determined.  153 

3 Results and Discussion 154 

Characterization was done first on the zinc acetate used as the precursor and then on the prepared ZnO 155 

nanoparticles samples. In order to establish the most suitable temperature for which ZnO nanocrystals can 156 

be obtained in this study and to investigate the effect of temperature, the temperature was varied as 120 °C, 157 

140 °C, 160 °C, 180 °C and 200 °C and corresponding effect in properties of the obtained particles were 158 

determined. The results for the structural properties are studied under peak indexing or phase 159 
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determination, particle size, lattice parameters (a, c), d-spacing, etc. The samples were scanned over 2θ values 160 

from 20◦ to 70◦.  161 

3.1 Peak Indexing (Phase Determination) 162 

The figure 1 below shows the diffractogram of the zinc acetate dehydrate used for this work. It can be seen 163 

that majority of the peaks are observed between 20° and 60° of 2 theta (degree). The three most prominent 164 

peaks are at 22.3°, 25.1° and 27.4°. 165 

 166 

Figure 1: Diffractograms of samples of pure zinc acetate nanoparticles 167 

The XRD diffraction pattern of the zinc acetate is confirmed by the Inorganic Crystal Structure Database 168 

(ICSD) scientific manual card number 00-033-1464 and is supported by [29], [30].  169 

Figure 2 is the diffractogram obtained during the first stage of the synthesis of the ZnO prepared at 120 °C. 170 

At this temperature, the sample was found to be zinc peroxide (ZnO2).  171 

 172 
Figure 2: Diffractogram of pure ZnO2 nanoparticles at 120 °C 173 

The peaks are observed at 31.5445º, 36.6256º, 52.8603°, and 62.8293º corresponding to reflections from 174 

the planes (111), (200), (220) and (311). The XRD diffraction pattern of the ZnO2 shown in Figure 2 175 
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confirms the cubic structure according to ICSD card number 00-013-0311. All the observed diffraction 176 

peaks of this work match with reported results of [31], [32] for cubic zinc peroxide with JCPDS card 177 

No. 13-0311 using the same zinc acetate dehydrate and hydrogen peroxide (30%) for synthesis.  178 

The XRD pattern of the samples obtained at temperatures of 140 °C, 160 °C, 180 °C and 200 °C are 179 

presented in figure 3 (a-d). From the XRD it can be seen that the ZnO2 decomposed into ZnO, and 180 

crystallinity improved as the temperature was increased. Additionally, the distinctive peaks got higher and 181 

sharper, indicating an enhancement of crystallinity nature due to agglomeration [14].  182 

    183 

(a)                                                                             (b) 184 

    185 

 (c)                                                                              (d) 186 
Figure 3: Diffractograms of samples of pure ZnO nanoparticles obtained at temperatures of 187 

 (a) 140 °C (b) 160 °C (c) 180 °C and (d) 200 °C. 188 

Peak indexing shows that samples prepared at 140°C and 160°C produced planes at (100), (002), (101), 189 

(102), (110), (103) and (112) at peak positions (2θ values) of approximately 31.76º, 34.31º, 36.22º, 47.52º, 190 

56.63º, 62.83º and 67.92º which were found to be ZnO and confirms the hexagonal wurtzite structure 191 

accordingly. With reference to the sample synthesized at 140 °C (figure 3a), it could be observed that, in 192 

addition to the reflections from planes indexed to ZnO, there are additional unidentified peaks with low 193 

intensity at approximately 24.10°, 39.22°, 40.78°, 43.60°, 50.78° and 58.95° indexed as ‘x’. With reference 194 

to the sample synthesized at 160 °C as shown on figure 3(b), after peak indexing, there were still additional 195 

peaks at approximately 24.17° and 39.27°. All the additional peaks indexed as ‘x’ could be traced to the 196 

diffractogram of the zinc acetate which is also confirmed by [30]. They could also be attributed to the zinc 197 

acetate by-product which is a colloid complex of water and methyl succinate and is expected to be removed 198 
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by evaporation. It is interesting to note that, these additional peaks have also been observed by [33] at a 199 

similar position even though in their work, the precipitates of the samples were filtered and washed several 200 

times to remove starting material before drying. A study from [34] also shows that the extra peaks possibly 201 

originate from the presence of residual in volatile organic compounds resulting from incomplete 202 

decomposition of the metal-organic source of the zinc acetate. However, by increasing the synthesis 203 

temperature to 180 °C (Figure 3c) and then to 200 °C (Figure 3d) no extra peaks relating to the impurities 204 

were observed, signifying that the final product is exclusively ZnO nanostructures. Thus, the additional 205 

peaks disappeared while the ZnO peaks triumphed. All the observed peaks correspond very well with the 206 

reference data to ICSD card numbers 01-073-8765 and 01-078-2585 respectively for the wurtzite structure 207 

of ZnO.  208 

3.2 Peak Positioning  209 

In all the four diffractograms, the most dominant or prominent peak was observed to be the (101) plane at 210 

approximately 36.2°. At temperature of 140 °C, it is observed that the ZnO nanoparticles exhibit strong 211 

(002) orientation than the (100). When the temperature increased to 160 °C, the preferred orientations 212 

changed from (002) to (100). At 180 °C both peaks were at the same height but at 200 °C the orientations 213 

changed again from (100) to (002). It is therefore clear that as temperature is increased the nanoparticles 214 

adopt a preferred orientation, with the c-axis at (002). This could be as a result of different morphology of 215 

nanoparticles, which are dependent on the temperature which affects the geometry of the aggregates [34]. 216 

The increase in temperature is likely to drive the modification of the grain boundary configuration during 217 

growth, which accompanies the appearance of new crystal grains. This trend has been supported by [35]. 218 

Additionally, it was observed that, as temperature increases, the peak of the diffractograms of the sample 219 

becomes sharper and narrow, thus width decreases. This type of result has also been reported by [36], [37]. 220 

The general trend in peak positions, is that as temperature increases, there is a corresponding increase in 221 

peak positions. Thus, a shift to higher angles (right shift). This implies that a slight variation in the lattice 222 

parameters occurs as growth temperature increases, attributable to a change in the stress in the ZnO 223 

nanoparticles. This type of result in the shift of peak position angle to higher values has also been reported 224 

by [14], [15]. This is shown in Figures 4 (a), (b) and (c), for the (100), (002) and (101) planes respectively. 225 

 226 
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 230 

(b) 231 

 232 

 233 

(c) 234 
Figure 4: Peak position versus temperature for ZnO nanoparticles 235 

3.3 Lattice Parameters (a, c) 236 

The lattice parameters, a and c were plotted against the temperatures as shown in figure 5.  237 
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 241 

(b) 242 

Figure 5: Lattice parameters, a and c versus temperature for ZnO nanoparticles 243 

The lattice parameters, a, decreased slightly from 140 °C to 160 °C and then increased sharply at 180 °C 244 

before decreasing again sharply at 200 °C. For the lattice parameters, c, the decrease was even and gradual 245 

throughout as observed in figure 5. Thus, whiles the trend for the lattice parameter a looks fluctuating, that 246 

of the lattice parameter, c, decreased almost linearly as the temperature is increased and decreased to a 247 

minimum at the highest temperature of 200 °C. It can be said that, generally, as the temperature is increased, 248 

the lattice parameters, a, and c decreased. The trend of the decrease in the value of the lattice parameters is 249 

supported by [14], [38] [39]. The values of the lattice parameter were found to be close to those of the 250 

standard ZnO from the ISCD cards 01-073-8765 and 01-078-2585 (3.2533 - 3.2522 and 5.2072 - 5.2095). 251 

However, there were slight differences as temperature was varied and this accounted for the small 252 

expansion and contraction in the crystal lattice of the ZnO and confirms the small shift in the XRD 253 

diffraction peaks. The observation of small differences in the lattice parameters values, which could be 254 

attributable to calcination temperature confirms the presence of point defects and oxygen vacancies [14]. 255 

The expansion of lattice due to increased growth temperature is responsible for the increase in lattice 256 

parameters ‘a’ and ‘c’ [15]. 257 

3.4 The Positional or Internal Parameter 258 

From figure 6, it can be observed that the positional parameter increased sharply with temperature from 259 

140 °C to 160 °C and continue to increase further to 180 °C and then remain virtually stable from 180 °C 260 

to 200 °C with just a slight increase. The minimum value is 0.37925 which is observed at 140 °C and the 261 

maximum is observed at 200 °C with a value of 0.37977. This value is supported by [14]  262 

 263 

Figure 6: Positional parameter of ZnO nanoparticles versus temperature  264 

140 150 160 170 180 190 200

0.5205

0.5210

0.5215

0.5220

0.5225

0.5230

Temperature (°C)

L
a
tt

ic
e 

P
a
ra

m
et

er
s,

 c
 

(n
m

)

140 150 160 170 180 190 200

0.3792

0.3793

0.3794

0.3795

0.3796

0.3797

0.3798

0.3799

Temperature (°C)

P
o
si

ti
o
n

a
l 

P
a
ra

m
et

er
, 
u

https://journals.aijr.org/index.php


  20    

 

 ISSN: 2581-5164  
Available online at Journals.aijr.org 

Temperature Dependence on Structural Properties of Liquid Phase Synthesized ZnO 

3.5 Bond Lengths 265 

Figures 7 and 8 show plots of the two Zn–O bond length, that nearest-neighbor bond lengths along the 266 

c-direction (expressed as b) and off c-axis (expressed as b1 = L) as against the variation in temperatures 267 

respectively. It can be observed that, generally, both bond lengths decreases as temperature is increased.  268 

From figure 7, it can be observed that the bond length along the c-direction, b, decreased slightly from 269 

140 °C to 160 °C and then increased slightly from the 160 °C to the 180 °C before decreasing again 270 

drastically from 180 °C to 200 °C. The trend shows a general decrease in value as temperatures increase. 271 

According to this study, the values of the bond length b, range between 0.197765 being the minimum at 272 

200 °C and 0.198179 the maximum at 140 °C. This value is supported by [14]. 273 

 274 

Figure 7: Bond length b versus temperature for ZnO nanoparticles 275 

The bond length off c-axis, b1, shown in Figure 8 also shows a similar trend but with an exception. Thus, 276 

instead of an increase in bond length from the 160 °C to the 180 °C as with the b, the bond length rather 277 

decrease slightly almost in the form of linearity. The values of the bond length, b1, calculated according to 278 

this study, range between 0.260256 and 0.261012 nm. With reference to both bond lengths, it was found 279 

that the b1 values are higher than that of the b.  280 

 281 

 282 

Figure 8: Bond length b1 versus temperature for ZnO nanoparticles 283 
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3.6 Bond Angles 285 

Figures 9 and 10 shows a plot of the two bond angles, α and β, as against the variation in temperatures 286 

respectively. It can be observed that, generally, bond angle, α decreases as temperature is increased whiles 287 

the bond angles, β, increases as temperature is increased.  288 

 289 

Figure 9: Bond angle, α, versus temperature for ZnO nanoparticles 290 

From figure 9, it can be observed that the bond angle, α, decreased slightly linearly from 140 °C to 160 °C 291 

and then decreased drastically from the 160 °C to the 180 °C before further decreasing slightly linearly at 292 

the temperature of 200 °C. The values of the bond angle, α, range between 108.457 and 108.567with the 293 

lowest at 200 °C and highest at 140 °C. With reference to Figure 10, the bond angle, β, shows an opposite 294 

trend. It can be observed that the bond angle, β increased sharply with temperature from 140 °C to 160 °C 295 

and continue to increase further to 180 °C and then remain almost stable from 180 °C to 200 °C with just 296 

a slight increase. The minimum value is 110.36 which is observed at 140 °C and the maximum is observed 297 

at 200 °C with a value of 110.47. With reference to both bond angles, the angle, β, was found to be higher 298 

than that of angle, α. This value is supported by [14]. 299 

 300 

Figure 10: Bond angle, β, versus temperature for ZnO nanoparticles 301 

3.7 Average Crystallite Size 302 

From Figure 11, it can be observed that the average crystallite size increased slightly beyond the 140 °C at 303 

160 °C and then increased sharply from the 160 °C to the 180 °C before decreasing at the 200 °C. However, 304 

it can be said that, generally there is an increase in the average crystallite size as the temperature is increased 305 
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even though the trend is fluctuating. This is supported by the fact that the crystalline nature of the ZnO 306 

nanoparticles decreases with increasing temperatures from 140 °C to 200 °C, as is indicated by sharp peaks. 307 

The maximum crystallinity is observed at 140 °C, while the samples at 180 °C have the lowest crystallinity. 308 

The value is in the range of 14.89 nm to 23.22 nm. This result is supported by [40] who argues that the 309 

possibility of fusion of grain boundaries resulting in a marginal increase in particle size cannot be ruled out 310 

at increasing temperature. Other researchers whose work support this trend are [41], [25] [42] [43].  311 

 312 

Figure 11: Average crystallite size versus temperature for ZnO nanoparticles 313 

The increase in crystalline size values with an increase in temperature is attributed to the enlargement of 314 

grain sizes and a decrease in the micro strain while increase in dislocation density [8]. This could also be 315 

linked to an increase in crystal growth rate as a result of volume expansion and a decrease in system 316 

supersaturation at high temperatures [14]. Kaningini et al [42] suggested that higher annealing temperatures 317 

improve the crystal quality of the ZnO nanoparticles inducing a reduction of the full-width half-maximum 318 

value. The growth in the particle size could also be attributed to smaller particles agglomerating or 319 

amalgamating into larger particles, which is a result of solid-state diffusion which is an atomic migration 320 

from one point to another through the solid [43]. 321 

3.8 Dislocation Density 322 

Figure 12 shows a plot of dislocation density as against the variation in temperatures. It can be observed 323 

that, the dislocation density decreases as the temperature increases from 140 °C to 180 °C and increase 324 

slightly at 200 °C. The lowest value is at a temperature of 180 °C with the highest at 140 °C. The decrease 325 

in the dislocation density indicates a decline in the number of defects or the length of dislocation per unit 326 

volume in the nanocrystals sample synthesized which is as a result of strain [25], [5], [14].  327 

 328 

Figure 12: Dislocation density versus temperature for ZnO nanoparticles 329 
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The observed trend in the dislocation density can be said to generally decrease as temperature increase 330 

irrespective of the rise in value at 200 °C. The decrease in the dislocation density signifies a decline in 331 

crystallography deformation, topological imperfection or irregularity [44], [24]. The lower values of 332 

dislocation density are attributed to the lower level of the defect and better crystalline quality of the ZnO 333 

sample at higher temperature. This trend of results is in good agreement with the work of [25], [5], [14]. 334 

3.9 Wilson Lattice Strain  335 

The strain determined by the method given in equation 9 resulted from induced line broadening. The plot 336 

below shows a trend of negative strain in terms of the slope.  337 

  338 

Figure 13: Strain versus temperature for ZnO nanoparticles 339 

From Figure 13 shown below, it can be observed that the strain decreased slightly from 140 °C to 160 °C 340 

and then decreased drastically from the 160 °C to the 180 °C before further decreasing slightly again at the 341 

temperature of 200 °C. The trend in the strain results shows a decrease in value as temperatures increase. 342 

The strain values range between 0.003771 and 0.006254 with the lowest at 200 °C. Similar trend in the 343 

decrease in strain is reported by [45]. This strain may be due to the lattice shift and shrinkage that was 344 

observed in the lattice parameters [46].  345 

3.10 Volume of Unit Cell  346 

Figure 14 shows that the volume of the unit cell decreased beyond the 140 °C at 160 °C and then suddenly 347 

increased slightly from the 160 °C to the 180 °C before further increasing again sharply at the temperature 348 

of 200 °C.  349 

 350 

Figure 14: Volume of the unit cell versus temperature for ZnO nanoparticles 351 
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Generally, there is a decrease in the volume of the unit cell as the temperature is increased even though the 352 

trend is fluctuating. The values of the volume of the unit cell were found to be between a minimum 0.04761 353 

at 200 °C and maximum of 0.04791 at 140 °C with an average of approximately 0.0478. This value is 354 

supported by [3]. The values were slightly higher than that of the standard ZnO from the ISCD which is 355 

0.04773 nm3. This result could be attributed to the lattice parameters. Other reasons for the difference 356 

could be related generally to the method of synthesis, which depends on external and environmental factors 357 

such as the type and source of precursor, temperature, time, and impurities [47]. The graph demonstrates 358 

that as the calcination temperature rises, the volume of the unit cell decreases. This trend is consistent with 359 

[11]. 360 

3.11 Atomic parking fraction (APF)  361 

It can be observed from Figure 15 that the APF increases sharply with temperature from 140 °C to 160 °C 362 

and continue to increase further to 180 °C and then remain almost stable from 180 °C to 200 °C with just 363 

a slight increase. The maximum APF is observed at 200 °C with a value of 0.75457, while the minimum is 364 

observed at 140 °C with a value of 0.75305 with an average of 0.75. This value is supported by [3]. 365 

 366 

Figure 15: APF versus temperatures for ZnO nanoparticles 367 

The APF of bulk hexagonal ZnO materials is about 0.74 but, in this study, the APF was 0.75 which is more 368 

than the value of the bulk material. This is attributed to the size effect in the nanocrystallite samples [44]. 369 

3.12 Number of Unit Cell, n 370 

The number of unit cell obtained in this work as against the temperature variation is as plotted in Figure 371 

16.  372 

 373 

Figure 16: Number of unit cell versus temperatures for ZnO nanoparticles 374 
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It can be observed that as temperature increase from 140 °C to 160 °C, there was almost a constant value 375 

with slight increment. As the temperature increased, there was an increment from 160 °C to 180 °C and 376 

then a decrease at 200 °C. The trend can be said to be fluctuating. This variation could be attributed to 377 

average crystallite size and the volume of the unit cell as number of unit cell is dependent of these 378 

parameters.  379 

3.13 Specific Surface Area (SSA) 380 

It can be observed from Figure 17 that the specific surface area decreased sharply with temperature from 381 

140 °C to 160 °C and further decrease slightly to 180 °C and suddenly increased sharply from 180 °C to 382 

200 °C. The maximum specific surface area is observed at 140 °C, while the minimum is observed at 180 °C. 383 

This variation could be partly attributed to average crystallite size and the volume of the unit cell. The 384 

specific surface area decreases with increasing particle size since the relationship is inversely proportional. 385 

The decrease in the specific surface area also signifies less or reduced pores in the particles. A larger surface 386 

area signifies smaller particle sizes.  387 

 388 

Figure 17: Specific surface area versus temperatures for ZnO nanoparticles 389 

3.14 X-Ray Density  390 

From Figure 18, it can be observed that the density increased beyond the 140 °C at 160 °C and then 391 

suddenly decreased slightly from the 160 °C to the 180 °C before further increasing again at the temperature 392 

of 200 °C. However, it can be said that, generally there is an increase in the density as the temperature is 393 

increased even though the trend is fluctuating.  394 

 395 

Figure 18: Density versus temperature for ZnO nanoparticles 396 
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The maximum density is observed at 200 °C, while the minimum is at 140 °C. The value of the density 397 

obtain is between 5.644 and 5.680 with an average of 5.658 which close to the standard value 5.65 from the 398 

ISCD card and in good agreement. This value is supported by [3]. 399 

4 Conclusions 400 

The study has been carried out to synthesize zinc oxide particles through liquid phase method at varied 401 

temperatures of 120 ℃, 140 ℃, 160 ℃, 180 ℃ and 200 ℃ respectively. The results lead to the conclusion 402 

that zinc oxide have been successfully synthesized using a non-toxic, a low-cost, and eco-friendly 403 

precursors. X-ray diffraction analysis of the synthesized samples were conducted to identify their crystalline 404 

structure and phase purity and the effect of temperature. From the discussion, it could be concluded that 405 

during the first stage of the synthesis of ZnO (at 120 °C), the XRD diffraction pattern confirms the cubic 406 

structure of zinc peroxide. The XRD pattern of ZnO samples obtained at temperatures of 140 °C, 160 °C, 407 

180 °C and 200 °C all confirms a hexagonal (wurtzite) crystal structure of ZnO. However, secondary phases 408 

from the XRD diffraction patterns were observed for the ZnO samples synthesis at 140 °C and 160 °C but 409 

not at temperatures of 180 °C and 200 °C. As temperature increases, the peak of the diffractograms of the 410 

sample becomes sharper and narrow, thus width decreases. Shifts in peak positions in the diffraction pattern 411 

due to increasing temperature have been observed generally to be at higher angles. The crystallite size 412 

confirms the synthesis of ZnO nanocrystals. The results of the lattice parameters ‘a’ and ‘c’, bond lengths 413 

b and b1, bond angle, α, dislocation density, strain and unit cell volume were found to generally decrease 414 

with temperature. That of the positional parameter, bond angle, β, average crystallite size, APF, number of 415 

unit cells and density generally increase with temperature. The specific surface area generally decreases from 416 

140 °C to 180 °C but suddenly increase sharply afterwards up to 200 °C. 417 
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