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ABSTRACT: Nanomaterials have emerged as an amazing class of 

materials that consists of a broad spectrum of examples with at least one 

dimension in the range of 1 to 100 nm. Exceptionally high surface areas can 

be achieved through the rational design of nanomaterials. Nanomaterials can 

be produced with outstanding magnetic, electrical, optical, mechanical, and 

catalytic properties that are substantially different from their bulk 

counterparts. There has been considerable focus on the synthesis of metal 

nanoparticles with distinct and exceptional characteristics, making it a 

highly captivating area of research. Among these nanoparticles, Zinc Oxide 

NanoParticles (ZnO NPs) have gathered significant attention in the field of 

bioengineering. Various approaches have been explored for the preparation 

of ZnO nanoparticles. In this paper we are comparing two synthesis 

methods as Sol–Gel Method and Hydro Thermal Method for Zinc Oxide 

Nanoparticles. Sol-gel method based ZnO nanoparticles are compared with 

Hydrothermal based ZnO nanoparticles in terms of XRD, UV Visible 

Spectrum and SEM analysis. Sol-gel method based Al-doped Zinc Oxide 

Nanoparticle (AZnO) is compared with Hydrothermal based Al-doped Zinc 

Oxide Nanoparticle (AZnO) in terms of XRD, UV Visible Spectrum, SEM 

analysis and optical properties. At last Sol-gel method based Au-doped 

ZnO- Sm (NO3)3 is compared with Hydrothermal based Au-doped ZnO 

nanoparticles in terms of optical properties as transmittance and absorbance, 

structural properties as XRD analysis. From this paper we can conclude 

that, Sol-gel method based Au doped ZnO nano particles are efficient than 

Hydro thermal based ZnO nano particles.  

KEYWORDS: Zinc Oxide Nanoparticle, Sol–Gel Method, Hydro 

Thermal Method, AZnO, UV Visible Spectrum, XRD and SEM 

analysis 

 

 

. 

I. INTRODUCTION 

Nanomaterials have emerged as an exciting 

class of materials that are in high demand 

for a range of practical applications [1]. The 

length of a nanometer can be understood  

 

through the example of five silicon atoms or 

10 hydrogen atoms lined up, which is one 

nanometer. Materials are defined as 

nanomaterials if their size or one of their 

dimensions is in the range of 1 to 100 nm. 
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The exact history of the utilization of 

nanosized objects by humans is difficult to 

clarify. However, the history of 

nanomaterial utilization is ancient, and 

human beings used these materials a long  

time ago for various applications, 

unknowingly. About 4500 years ago, 

humans exploited asbestos nanofibers to 

reinforce ceramic mixtures [2].  

Nanotechnology is an excellent example of 

an emerging technology, offering engineered 

nanomaterials with the great potential for 

producing products with substantially 

improved performances [3]. Currently, 

nanomaterials find commercial roles in 

scratch-free paints, surface coatings, 

electronics, cosmetics, environmental 

remediation, sports equipment, sensors, and 

energystorage devices.14 This review 

attempts to provide information in a single 

platform about the basic concepts, advances, 

and trends relating to nanomaterials via 

covering the related information and 

discussing synthesis methods, properties, 

and possible opportunities relating to the 

broad and fascinating area of nanomaterials 

[4]. 

 

Chemical synthesis is one of the most 

important techniques which can be 

performed by using a range of precursors 

and different conditions like temperature, 

time, concentration of reactants, and so 

forth. Variation of these parameters leads to 

morphological differences in size and 

geometries of resulting nanoparticles [5]. 

 

Two main approaches are used for the 

synthesis of nanomaterial: top-down 

approaches and bottom-up approaches. In 

top-down approaches, bulk materials are 

divided to produce nanostructured materials. 

Top-down methods include mechanical 

milling, laser ablation, etching, sputtering, 

and electro-explosion. Bottom-up 

approaches include Chemical vapor 

deposition (CVD) [6], Solvothermal and 

hydrothermal methods [7], Sol–gel method, 

Soft and hard templating methods and 

Reverse micelle methods. 

 

The properties of matter at the nanoscale 

level are substantially distinct compared to 

bulk counterparts. Size-dependent effects 

become more prominent at the nanoscale. 

For example, Au solution appears yellow 

when in the bulk and it appears purple or red 

at the nanoscale level. The properties of 

nanomaterials can be tuned via tuning the 

nanomaterial size.92,93 At the nanoscale, 

the electronic properties are substantially 

changed compared to bulk materials [8]. For 

example, boron in bulk form is not 

considered a metal, whereas a two-

dimensional network of boron (borophene) 

appears to be an excellent 2D metal.94 

Compared to their bulk counterparts, the 

mechanical properties of nanomaterials are 

considerably improved due to increases in 

crystal perfection or reductions in 

crystallographic defects. 

 

The optical properties of nanomaterials such 

as quantum dots strongly depend upon their 

shape and size.96 A photogenerated 

electron–hole pair has an exciton diameter 

on the scale of 1–10 nm. Thus, the 

absorption and emission of light by 

semiconductors could be controlled via 

tuning the nanoparticle size in this range. 

However, in the case of metals, the mean 

free path of electrons is B10–100 nm and, 

due to this, electronic and optical effects are 

expected to be observed in the range of 

B10–100 nm. The colors of aqueous 

solutions of metal nanoparticles can be 

changed via changing the aspect ratio. 

 

Zinc oxide is the one of the most important 

n-type semiconductor materials with a 3.37 

eV band gap at room temperature and 60 

meV excitation binding energy that is in the 
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UV region and makes this nanoparticle as an 

efficient UV absorber [9]. Semiconductor 

nanomaterials have been received great 

attentions. Among these various 

semiconductor nanomaterials zinc oxide is a 

versatile material because of its physic-

chemical properties such as mechanical, 

electrical, optical, magnetic and chemical 

sensing properties. Zinc oxide a chemical 

compound found naturally in the mineral 

called zincite has attracted much attention in 

recent times due to its low cost and because 

it can be obtained by simple techniques [10]. 

 

Among the nanoscale metal oxides, zinc 

oxide is a common host material that has 

been widely used due to its excellent 

chemical and thermal stability, low cost and 

environmental-friendliness. The high 

exciton binding energy of ZnO would allow 

for excitonic transitions even at room 

temperature, which could mean high 

radiative recombination efficiency for 

spontaneous emission as well as a lower 

threshold voltage for laser emission. The 

lack of a centre of symmetry in wurtzite, 

combined with a large electromechanical 

coupling, results in strong piezoelectric and 

pyroelectric properties and hence the use of 

ZnO in mechanical actuators and 

piezoelectric sensors. 

 

ZnO nanostructures have a great advantage 

to apply to a catalytic reaction process due 

to their large surface area and high catalytic 

activity. Since zinc oxide shows different 

physical and chemical properties depending 

upon the morphology of nanostructures, not 

only various synthesis methods but also the 

physical and chemical properties of 

synthesized zinc oxide are to be investigated 

in terms its morphology. The demonstration 

of room temperature ultraviolet lasers, field 

effect transistors and field emission arrays 

based on ZnO nanorods have stimulated 

great interest in developing functional 

nanodevices. Moreover, the wide range of 

morphological diversity in the nano-regime 

has made this material a promising 

candidate in the field of nanotechnology and 

opened up new possibilities for the 

fabrication of high performance devices 

based on these nanostructures. The Sol–gel 

method is becoming one of the most 

important tools for advanced materials 

processing, particularly owing to its 

advantages in the processing of 

nanostructural materials for a wide variety 

of technological applications such as 

electronics, optoelectronics, catalysis, 

ceramics, magnetic data storage, biomedical, 

bio photonics, etc.  

 

II. COMPARATIVE PERFORMANCE 

ANALYSIS 

In this paper we are comparing two 

synthesis methods as Sol–Gel Method and 

Hydro Thermal Method for Zinc Oxide 

Nanoparticles.  

1. Sol-gel method based ZnO 

nanoparticles versus Hydrothermal based 

ZnO nanoparticles: 

Sol-gel method based ZnO nanoparticles are 

compared with Hydrothermal based ZnO 

nanoparticles in terms of XRD, UV Visible 

Spectrum and SEM analysis. These 

comparisons are represented in Table 1. 

 

 

 

Table 1: COMPARATIVE PERFORMANCE ANALYSIS FOR ZnO NANOPARTICLES 

Characterization Techniques Sol-gel method based ZnO 

nanoparticles 

Hydrothermal based ZnO 

nanoparticles 

XRD The nanoparticles average size is 

determined as14.36 nm. The size of 

the smallest crystallite is obtained by 

Mostly spherical nanoparticles with 

average diameter of 14.5 nm was 

synthesized 
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utilizing chloride as precursor at 

highest temperature of synthesis. 

 

SEM The particles agglomeration is 

observed at higher resolution of 

SEM image. 

Results indicate that agglomeration 

has taken place in the form of 

spherical. 

UV Visible Spectrum 

 

In the UV range radiations are 

absorbed by sample up to 362 nm 

and most of the visible spectrum 

radiations are transmitted through 

ZnO NPs 

UV range radiations are absorbed by 

sample up to 368nm 

 

 

X-Ray Diffraction (XRD) Spectrum 

Sol-gel method: 

The XRD spectrum of synthesized zinc 

oxide NPs and confirmed that, structure of 

wurtzite is hexagonal. The peaks of 

characteristics (100), (002), (101), (102), 

(110), (103), (200), (112), and (201) related 

to ZnO hexagonal structure (JCPDS Card no 

01-075-1526) with the preferred orientation 

along (101) the plane.  

The nanoparticles average size is determined 

as14.36 nm. The crystallite size calculation 

results using FWHM (Full Width at Half 

Maximum) technique from the spectrum of 

XRD exhibited that for (101) plane the size 

of the crystal is a function of precursor type 

and temperature of synthesis. The size of the 

smallest crystallite is obtained by utilizing 

chloride as precursor at highest temperature 

(90
o
C) of synthesis. 

Hydrothermal method: 

XRD patterns of ZnO nanoparticles from 

hydrothermal method. The diffraction peaks 

are at 2θ values of 31.9456
0
, 34.5903

0
, 

36.4341
0
, 47.6971

0
, 56.7894

0
, 63.0411

0
 and 

68.1135
0
. The peaks are identified to 

originate from (100), (002), (101), (102), 

(110), (103) and (112) planes. Based on the 

Scherrer equation the average crystallite size 

of the nanoparticles are observed as 14.5 

nm. 

Scanning Electron Microscopy (SEM) 

Sol-gel method: 

The SEM image of ZnO nanparticles are in 

spherical shape and have granular behavior. 

The particles agglomeration is observed at 

higher resolution of SEM image. 

Agglomeration is caused by aging. 

 

Hydrothermal method: 

The zinc oxide particles prepared are 

spherical shape using hydrothermal method. 

It also shows that a network formation of the 

zinc oxide nanoparticle has taken place 

which clearly indicates that agglomeration 

has taken place. 

 

UV Visible Spectrum (UV-VIS) 

Sol-gel method: 

In the UV range radiations are absorbed by 

sample up to 362 nm and most of the visible 

spectrum radiations are transmitted through 

ZnO NPs. The energy of band gap is 

obtained through exploiting the curve is 

determined as 3.3 eV. 

 

Hydrothermal method: 

The UV-visible absorption spectrum of zinc 

oxide nanoparticle obtained from 

hydrothermal method. The absorption edge 

takes the value around 368 nm for zinc 

oxide nanoparticles prepared by 

hydrothermal method.  

 

2. Sol-gel method based Al doped ZnO 

nanoparticles versus Hydrothermal based 

Al doped ZnO nanoparticles: 

Sol-gel method based Al-doped Zinc Oxide 

Nanoparticle (AZnO) is compared with 

Hydrothermal based Al-doped Zinc Oxide 
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Nanoparticle (AZnO) in terms of XRD, UV 

Visible Spectrum, SEM analysis and Optical 

properties. These comparisons are 

represented in Table 2. 

 

Table 2: COMPARATIVE PERFORMANCE ANALYSIS for Al DOPED ZnO NANOPARTICLES 

Parameters Sol-gel method based Al doped 

ZnO nanoparticles 

Hydrothermal based Al doped 

ZnO nanoparticles 

XRD The outcome demonstrates the 

excellent purity of the synthesized 

Al doped ZnO. Strong peaks in the 

pattern point and highly crystallized 

and oriented nature of the 

synthesized zinc oxide. 

 

Based on the Scherrer equation the 

average crystallite size of the 

nanoparticles is observed as 18 nm. 

Moderate impurities were observed 

at peaks. 

SEM SEM analysis reveals a non-uniform 

surface of the films. As a result of 

the phenomenon, the Al-ZnO 

protecting is more resistant. 

Agglomeration has taken place as 

spherical or flowers. 

UV Visible Spectrum 

 

The ZnO suspension's UV-visible 

absorption spectrum shows an 

absorption peak at 360nm 

 

UV-visible absorption spectrum 

shows an absorption peak at 367 nm 

Optical properties A decrease in absorbance at higher 

doping level of Al may be attributed 

to the decrease in the size of 

nanoparticles and increase in 

porosity which ultimately widens 

the band gap. The optical 

transmittances of Al doped Zno are 

88% and 87% respectively. 

Size of nano particles are decreased 

slightly with increasing the doping 

levels in Hydrothermal method, 

which simultaneously decrease the 

absorbance. The optical 

transmittances of Al doped Zno are 

84% and 86% respectively. 

 

 

X-Ray Diffraction (XRD) Spectrum: 

Sol-gel method: 

XRD peaks match the zinc oxide structure 

seen in wurtzite, where zinc atoms are found 

in the tetrahedral positions of oxygen atoms 

that have been packed tightly into hexagonal 

shapes. The outcome demonstrates the 

excellent purity of the synthesized Al doped 

ZnO. Strong peaks in the pattern point and 

highly crystallized and oriented nature of the 

synthesized zinc oxide.  

Hydrothermal method: 

Based on the Scherrer equation the average 

crystallite size of the nanoparticles is 

observed as 18 nm. Moderate impurities 

were observed at peaks. 

 

Scanning Electron Microscopy (SEM) 

Sol-gel method:  

The surface topography of the films with the 

fifth, tenth, fifteenth, and twentieth layers is 

displayed in the SEM images. SEM analysis 

reveals a non-uniform surface of the films. 

As a result of the phenomenon, the Al-ZnO 

protecting is more resistant. 

 

 

Hydrothermal method: 

Agglomeration has taken place as spherical 

or flowers. 

 

UV Visible Spectrum (UV-VIS) 

Sol-gel method: 

The ZnO suspension's UV-visible absorption 

spectrum shows an absorption peak at 360 

nm that is part of a different band for ZnO. 
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Although the ZnO nanoparticle's size of the 

UV-vis absorption band affects, it typically 

ranges from 330 to 380 nm. Here, the 

presence of a peak at 360 nm can serve as 

proof that ZnO NPs are present. 

 

Hydrothermal method: 

UV-visible absorption spectrum shows an 

absorption peak at 367 nm. 

 

Optical Properties: 

Sol-gel method: 

The sharp increase in absorbance at λ < 300 

nm is due to interband transitions at the 

fundamental edge. Band-gap energy 

increases with decreasing particle size due 

to quantum size effects. A decrease in 

absorbance at higher doping level of Al may 

be attributed to the decrease in the size of 

nanoparticles and increase in porosity which 

ultimately widens the band gap.  

 

The optical transmittances of Al doped Zno 

are 88% and 87% respectively. Optical 

transmittances of undoped ZnO is 93%. It 

shows clearly that the transmittance 

decreases with the increment of Al content. 

This suggests that Al ions are causing the 

formation of defect centres in host lattice 

(zinc oxide) proportionate to Al content. 

The decrease in band gap with increasing 

Aluminum concentration was due to the 

contributions of hybridization of electronic 

states, as well as the Aluminum-induced 

intensification of p-d repulsion and tensile 

strain.  

 

 

Hydrothermal method: 

Size of nano particles are decreased slightly 

with increasing the doping levels in 

Hydrothermal method, which 

simultaneously decrease the absorbance. The 

optical transmittances of Al doped Zno are 

84% and 86% respectively. 

 

3. Sol-gel method based Au doped ZnO 

nanoparticles versus Hydrothermal based 

Au doped ZnO nanoparticles: 

Sol-gel method based Au-doped ZnO- Sm 

(NO3)3 is compared with Hydrothermal 

based Au-doped ZnO nanoparticles in terms 

of optical properties as transmittance and 

absorbance, structural properties as XRD 

analysis. These comparisons are represented 

in Table 3. 

 

Table 3: COMPARATIVE PERFORMANCE ANALYSIS for Au doped ZnO NANOPARTICLES 

Parameters Sol-gel method based Au doped 

ZnO nanoparticles 

Hydrothermal based Au doped 

ZnO nanoparticles 

XRD Zero impurity peaks were seen in 

the manufactured samples according 

to XRD spectra, but there was only a 

small shift in the peak location, 

indicating that this doping is 

producing internal tensions. 

 

The average crystallite size of the 

nanoparticles is observed as 14 nm. 

Little amount of impurities of peaks 

were observed. 

 

Optical properties In the 300–800 nm wavelength 

region, the optical transmittance 

ranged from 25–70%. 

Transmittance decreased further of 

1.5 percent Au-doped ZnO-Sm 

nanoparticle films to 25%, as Au- 

doping increased from 0 to 1.5 

percent. Au doped Zinc oxide 

absorption spectrum matched the 

optical band gap of Au doped ZnO, 

In the 350–800 nm wavelength 

region, the optical transmittance 

ranged from 20-70%. Transmittance 

decreased further of 1 percent Au-

doped ZnO-Sm nanoparticle films 

using hydro thermal method to 

20%, as Au- doping increased from 

0 to 2 percent. Au doped Zinc oxide 

nanoparticles' absorption spectrum 

matched the optical band gap of Au 
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which is established employing 

Tauc's equation  and  determined  

to  be      3.41  nm, which showed a 

peak positioned at 363 nm. 

 

 

doped ZnO. Showed a absorption 

peak positioned at 360 nm. 

 

X-Ray Diffraction (XRD) Spectrum: 

Sol-gel method: 

The (XRD) X-ray diffraction pattern of 

Au-doped ZnO-Sm (NO3)3 nanoparticle 

films confirmed that the wurtzite hexagonal 

single phase of ZnO. Zero impurity peaks 

were seen in the manufactured samples 

according to XRD spectra, but there was 

only a small shift in the peak location, 

indicating that this doping is producing 

internal tensions. 

 

Hydrothermal method: 

The average crystallite size of the 

nanoparticles is observed as 14 nm. Little 

amount of impurities of peaks were 

observed. 

 

Optical Properties: 

Sol-gel method: 

In the 300–800 nm wavelength region, the 

optical transmittance ranged from 25–70%. 

Transmittance decreased further of 1.5 

percent Au-doped ZnO-Sm nanoparticle 

films to 25%, as Au- doping increased from 

0 to 1.5 percent. 

 

The doping of Sm and Au enhanced 

absorption due to the visible light range 

doping form of tiny and large dimension 

nanoparticles. Au doped Zinc oxide 

nanoparticles' absorption spectrum matched 

the optical band gap of Au doped ZnO, 

which is established employing Tauc's 

equation  and  determined  to  be      3.41  

nm, which showed a peak positioned at 

363 nm. 

 

Hydrothermal method: 

In the 350–800 nm wavelength region, the 

optical transmittance ranged from 20-70%. 

Transmittance decreased further of 1 

percent Au-doped ZnO-Sm nanoparticle 

films using hydro thermal method to 20%, 

as Au- doping increased from 0 to 2 

percent. 

 

Au doped Zinc oxide nanoparticles' 

absorption spectrum matched the optical 

band gap of Au doped ZnO. Showed a 

absorption peak positioned at 360 nm. 

 

III. CONCLUSION 

This paper presents, Comparative 

Performance Analysis of Sol–Gel Method 

and Hydro Thermal Method for Zinc Oxide 

Nanoparticles Synthesis. ZnO 

nanostructures have a great advantage to 

apply to a catalytic reaction process due to 

their large surface area and high catalytic 

activity. Sol-gel method based ZnO 

nanoparticles are compared with 

Hydrothermal based ZnO nanoparticles in 

terms of XRD, UV Visible Spectrum and 

SEM analysis. Sol-gel method based Al-

doped Zinc Oxide Nanoparticle (AZnO) is 

compared with Hydrothermal based Al-

doped Zinc Oxide Nanoparticle (AZnO) in 

terms of XRD, UV Visible Spectrum, SEM 

analysis and optical properties. At last Sol-

gel method based Au-doped ZnO- Sm 

(NO3)3 is compared with Hydrothermal 

based Au-doped ZnO nanoparticles in terms 

of optical properties as transmittance and 

absorbance, structural properties as XRD 

analysis.  

 

From this paper we can conclude that, Sol-

gel method based Au doped ZnO nano 

particles are efficient than Hydro thermal 

based ZnO nano particles. The calculated 
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band gap of Au doped Zinc oxide 

nanoparticles approximately 3.41 eV 

indicates the semiconductor nature of the 

material, which is highly advantageous for 

solar cell production. 
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