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A B S T R A C T  

Materials science is a fast developing field of research in which a lot of advancements 

have been reported in few decades. The progress in materials science is essential due 

to its wide range of applications in solid state fuel cells, display materials, solar cells, 

energy storage devices, automotive sectors, electronics and environment, 

mechanical, medical & aerospace industries. Doping and substitutions in host 

materials are excellent ways of changing the properties of any materials. There are 

two main forms of materials, thin film and bulk, which are used in research. These 

two forms of materials are synthesized by two basic approaches, named as top-down 

and bottom-up. Bottom-up and top-down approaches are comprised of several 

synthesis methods, e.g., solid state reaction method, hydrothermal method, co-

precipitation method, sol gel method, auto-combustion method, melt quench method, 

evaporation method, sputtering method, pulse laser deposition method, spin coating 

method and spray pyrolysis method. Each synthesis method has its unique procedure 

as well as merits and demerits. The solid state reaction route is one of the simplest 

synthesis method, which requires heating of the materials which were grounded for 

homogeneous mixing of the various oxide ingredients. The bulk and thin films at low 

reaction temperatures were prepared by sol-gel synthesis route which provides the 

high purity products. Co-precipitation method provides homogenous particle size 

which is a very energy efficient method. Thus, the synthesis method is an essential 

factor for materials science and nanotechnology research. The present article is an 

attempt to review the synthesis methods and their merits or demerits.        

K E Y W O R D S   

Materials science, nanotechnology, synthesis methods, merits and demerits of 

synthesis methods. 

 

INTRODUCTION 

Materials science is an interdisciplinary field of research 

which involves the design and discovery of materials. The 

researchers of chemistry, physics and engineering sciences 

are engaged in the analytical study of materials from 

ancient times and at the same time their phenomenological 

studies are carried out in metallurgy and mineralogy. In 

recent years, after the origin of nanotechnology, the 

research on materials opens a new scope for researchers and 

scientists who are working in this field [1-3]. 

Nanotechnology is an emerging field of research and 

innovation which is mainly focused on materials and 

devices for enrichment of properties of the host materials. 

With the use of this technology, materials may become 

useful for industrial purposes. Materials engineered via 

nanotechnology are known as nanomaterials and exhibit 

unique electrical, optical, and magnetic properties. These 

properties also have great importance in electronics and 

medicine. Researchers are focused on nanomaterials due to 

controlled synthesis and its property optimization in recent 

years. The large surface area of nanomaterials form their 

bulk state makes them potential materials for advanced 

applications according to current demands. Nanostructured 

material’s discovery involves synthesis methods and 

characterization technological developments [4-10]. 

 Several exercises have been made by experimenters to 

optimize the materials for new properties and scopes. 

During the journey of research in materials science, 

numerous methods were designed for achieving the 

required results and goals. Each synthesis method has its 

unique way of working and procedure. In addition to the 

procedure, each method has different classes of merits and 
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demerits. The synthesis methods are mainly classified in 

top-down and bottom-up approaches. The top-down 

approach is an attempt to find specific results starting with 

general matter or bulk. The top-down approach involves the 

breaking down of large pieces of material to generate the 

required nanostructures. On the other hand, the bottom-up 

approach is used to find the results by accumulating a large 

number of particles into larger nanostructures [11-26]. 

Furthermore, the synthesis methods are classified in bulk 

and thin film fabrication. The bulk synthesis methods are 

mainly solid state reaction route [27-29], hydrothermal 

method [30,31], co-precipitation method [32,33], melt 

quench method, sol-gel method and auto combustion 

method [34,35] whereas thin film preparation methods are 

divided in two major classes, physical vapor and chemical 

vapor deposition methods [36]. Thermal evaporation, 

sputtering and pulse laser deposition methods are main 

synthesis routes of physical vapor deposition method. On 

the other hand, sol-gel synthesis route, spray pyrolysis and 

spin coating methods are main synthesis routes of chemical 

vapor deposition [38]. The homogeneous mixture of oxides 

ingredients of raw materials was made by grinding in 

acetone media and the resultant mixture was heated in a 

furnace for calcinations. This process was repeated several 

times to achieve a good homogeneous mixture which is 

required for solid state reaction methods [39,40]. Reverse 

drop co-precipitation method needs higher amount of 

chemicals and consequently requires longer preparation 

time for preparation of composite nano particles whereas 

high calcination temperature and a long soaking time are 

main requirements of synthesis nanoparticles by 

hydrothermal and sol-gel method requires [41]. The auto 

combustion route produces a homogenous microstructure 

in shorter reaction times at lower temperatures. The films 

prepared by evaporation method have good purity with high 

rate of deposition but the film composition is not easily 

controlled by this method. The thickness of the film and 

their distribution are well controlled by the sputtering 

method. The grain structure is found to be better in the 

sputtering method compared to the evaporation method. 

The deposition rate of the film is slower by the sputtering 

method. The pulse laser deposition method finds the 

excellent importance for controlled crystallization and good 

stereometry. Moreover, the multilayer growth in pulse laser 

deposition method is also possible. The spin coating 

method is one of the chemical vapor deposition methods 

which provide thin films of uniform thickness and precise 

control over the thickness of film, whereas the packing 

density is found to be better in the spray pyrolysis method. 

The low yield of the film produced by this technology is its 

main disadvantage [42-105]. Gautam et. al. have 

synthesised numerous glassy and dental materials by using 

melt – quench method, microwave synthesis method and 

heat cure method. Particularly, the heat cure method is 

extensively used for synthesis of dental materials [106-

108]. 

DISCUSSION OF SYNTHESIS METHODS  

Solid State Reaction Method 

One of simplest synthesis techniques in bulk materials 

research is the solid state reaction route. This method 

involves non-volatile solids for decomposition by heating. 

The ingredients are initially ground by mortar and pestle for 

uniform mixing. The well-mixed ingredients are transferred 

in either alumina boat or crucible and then placed inside the 

muffle furnace to provide heat treatment for chemical 

reactions at high temperatures. During heat treatment, the 

volatile products like CO2, NH3, NO2, and O2 are removed 

and only the oxide forms of the product remain. The final 

heat treated product is further grounded in agate mortar and 

pestle for homogeneous mixing. This process also further 

minimizes the grain size of crystals. The complete process 

of synthesis by solid state reaction method is shown in the 

schematic diagram of Fig. 1. 

 

Fig. 1. Schematic diagram of solid state reaction method. 
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 This method has several demerits includes that it 

requires high power to produce high temperature. The 

decomposition rate is also very slow and sometimes 

crystallization does not take place at one step, then 

repetition is required for crystallization. In actuality, the 

reaction takes place simultaneously over a period of days 

and hours at high temperatures (500–2000°C) [42-48]. 

Hydrothermal method  

Hydrothermal synthesis is a derived geology in the twelfth 

century by George W. Morey. It consists of two terms, 

hydro and thermal. Thus, in this method, the crystallization 

of aqueous solutions occurs at high temperature and high 

pressure. The single crystals are mainly synthesized by this 

method using an autoclave (an apparatus consisting of a 

steel pressure vessel). It is basically a solution reaction-

based approach. Between the two ends of the growing 

chamber, a temperature gradient is kept constant. At the 

hotter end, the nutrient solute disintegrates, while at the 

cooler end, it is deposited on a seed crystal, causing it to 

grow into the desired crystal. The hydrothermal synthesis 

method is shown in the schematic diagram of Fig. 2 [109]. 

The nanomaterials were synthesized in a wide range of 

temperatures by this method. This method plays a 

significant role in the synthesis of crystals which are not 

stable at the melting point. Moreover, the crystals can be 

prepared which have high vapor pressure near the melting 

points. Hydrothermal method is particularly suitable for the 

development of high-quality crystals while preserving 

control over their makeup. Vapor pressure has the ability to 

influence the shape of materials as well. This method 

requires the minimum amount of raw ingredients and 

consequently a minimum loss of material is observed. The 

pricey autoclave device, safety concerns while the reaction 

is occurring, and the impossibility of watching the reaction 

process are the main drawbacks of this approach. It has 

necessity of high calcination temperature and prolonged 

soaking time [30,31]. 

 

Fig. 2. Schematic diagram of hydrothermal synthesis method [109]. 

Co-precipitation method 

It entails the co-occurrence of the processes of nucleation, 

growth, coarsening, and agglomeration. In this procedure, 

soluble metal salts were used to create the stoichiometric 

solution, which was then predicated as hydroxide, oxalate, 

etc. The end product is produced by filtering, drying, and 

heating the resulting combination. The precursor is then 

heated to cause it to break down into the desired product. 

The homogenous products in this process are produced at 

relatively low temperatures, although occasionally a 

suitable precursor cannot be found. The super saturation 

conditions necessary to induce precipitation are usually the 

result of a chemical reaction as given in Equation 1. 

XAy(aq)
+ + yBx(aq)

− → AxBy(s)   (1) 

 For example, the synthesis of magnetite by using the 

aqueous mixture of ferrous and ferric solution in the form 

of hydrated chloride salts in alkaline medium, in ½ ratio. 

Initially, 10 mL of the HCl 2 mol·L−1 was added to prevent 

Fe2+ oxidation and precipitation Fe3+ in the form of 

hydroxide. Their chemical reaction for the synthesis of 

magnetite can be understood by equation 2 [110]. 

Fe(aq)
2+ + 2Fe(aq)

3+ + 8OH(aq)
− → Fe2O3(s)

+4H2O(l)  (2) 

 The synthesis procedure of co-precipitation method is 

shown in Fig. 3 [111]. This preparation method is relatively 

quick and easy to use, allowing for simple modification of 

the particle surface state and overall homogeneity by 

controlling particle size and composition. This technique of 

synthesis uses no organic solvents and is exceedingly 

energy-efficient. It has a number of significant limitations, 

including the inability to utilise on uncharged species and 

the precipitation of trace contaminants in the final product. 

If the reactants precipitate at highly different rates, the 

process takes a long time and does not operate properly. 

More chemicals are needed, and preparation takes longer 

time to complete the synthesis process [62-66]. 

 

Fig. 3. Schematic diagram of co-precipitation method [111]. 



 

 

 Adv. Mater. Lett. | Issue (July-September) 2024, 24031758  [4 of 11] 

https://aml.iaamonline.org 

Sol-Gel method  

The sol-gel process is a wet chemical method which is used 

for the preparation of nanostructures of various metal 

oxides in both bulk and thin film research. The molecular 

precursor of especially metal alkoxide is dissolved in water 

or alcohol in this method. The precursor is converted into a 

gel by suitable heating and stirring by using a magnetic 

stirrer on a hot plate. During the conversion of the precursor 

to gel, hydrolysis/alcoholysis occurs. After the hydrolysis 

process, the wet gel is converted into drying either by 

burning of alcohol or other methods depending on the 

desired properties and application of the gel. The dried gel 

is powdered and finally calcined for the decomposition and 

removal of the organic species. The sol-gel method is 

described in the schematic diagram of Fig. 4 [112]. 

 Alkoxide and water react to create hydroxy metal 

alkoxide, which then reacts with metal alkoxide to cause 

gelation through a condensation process. The reactions are 

shown in equations 3 and 4. 

(C3H7O)2 − Al − OC3H7 + H2O → (C3H7O)2 − Al −
OH + C3H7OH                                                             (3) 

(C3H7O)2 − Al − OC3H7 + (C3H7O)2 − Al − OH →
(C3H7O)2 − Al − O − (C3H7O)2 + C3H7OH     (4) 

 Due to the low reaction temperature, the sol-gel 

method is a practical way to synthesise substances and has 

considerable control over the material composition of the 

end products. This method is used to prepare the high purity 

products. Ceramics and thin films of metal oxides, which 

have important uses in sensors and solid state fuel cells, are 

also processed using this technique [48-52]. 

 

Fig. 4. Schematic diagram of Sol-Gel method [109]. 

 

Melt-Quench method  

Glasses are specifically made using the melt quench 

process. According to the composition of glasses, the right 

proportions of reagent and chemical raw materials were 

weighed out appropriately, combined with acetone medium 

in an agate mortar, and dried in this technique. An alumina 

or platinum crucible is filled with thoroughly combined and 

dried powder, and the crucible is then placed within a high 

temperature programmable furnace. The furnace is set to a 

temperature that will cause components to melt. For 

homogenization and refinement, the combined powder of 

materials is melted and kept at melting temperature in the 

furnace for 10 to 30 minutes.   

 

Fig. 5. Schematic diagram of melt quench method. 
 

 The melt was poured into an aluminum/copper mould 

and compressed into a thick aluminium plate before being 

immediately transferred to a preheated programmable 

muffle furnace for annealing at a temperature 1/3 of the 

melting temperature for 3-6 hours to eliminate any 

remaining stresses caused by the temperature gradient 

during rapid cooling. After annealing, the glasses were 

cooled within the furnace. The schematic diagram of the 

melt quench process for creating glass is shown in Figure 

5. This technique's key advantage is that it is relatively 

straightforward and inexpensive. Although this approach is 

widely available commercially, its homogeneity and 

reproducibility are quite poor. Power usage is really high. 

Another significant drawback of this technology is the 

requirement for two furnaces [67–70, 108]. 

Auto Combustion Method 

Combustion synthesis, commonly known as self-

propagating high temperature synthesis (SHS), is a 

successful, affordable method for creating very pure and 

uniform nanocrystalline powders. It is a wet chemical 

technique that is comparable to the Pechini and sol-gel 

techniques. By using a sol-gel process, an aqueous solution 

of the necessary metal salts and organic fuel is created in 

the form of a gel. The gel is then burned to cause it to burn, 

producing a fluffy product with a lot of volume and surface 

area. Citric acid is utilised in this procedure as a complexant 

to create a homogenous precursor called xerogel. Figure 6 

shows the schematic diagram of the processing of the 

sample by auto combustion method [113]. The chemical 

reactions occurs in the auto combustion method are shown 

in the given equations [114]. 

2NH4NO3 → 2NH3 ↑ +NO2 ↑ +NO ↑ +H2O ↑ +O2   (5) 

C6H8O7 + H2O → 4CO2 ↑ +2CH4 ↑ +H2 ↑    (6) 
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M(NO3)n +  C6H8O7 + (
5n

2
+ 7)O2 →

1

2
M2On + 6CO2 ↑

+4H2O ↑ +
n

2
N2 ↑                                                          (7) 

5M2On + nH2 + nCH4 → 10M + 3nH2O + nCO2 ↑  (8) 

 Because the salts used are economical and there is no 

expensive machinery utilised in the processing of materials, 

it is a quick and easy procedure. The main drawback is that 

determining the ideal fuel to oxidizer (F/O) ratio is not 

always simple. A product with an undesirable composition 

is frequently produced when the amount of fuel for 

combustion is estimated strictly according to stoichiometric 

F/O [53-60]. 

 

Fig. 6. Schematic diagram of auto combustion method [113]. 

 

PHYSICAL VAPOUR DEPOSITION 

METHOD 

Physical vapour deposition (PVD) is a method of 

fabricating new materials that involves depositing a thin 

layer of material on a substrate. There are various processes 

in the preparation of thin films. The first material is 

prepared in accordance with the thin film's preferred 

method of preparation. The substance to be deposited is 

then physically transformed into vapour and transferred 

from its source via a low-pressure area to the substrate. To 

create the thin film, the vapour is finally condensed on the 

substrate. The films made by PVD method are sometimes 

harder and more corrosion resistant than other coating 

methods. This method can be employed with both inorganic 

and organic coating materials on diverse groups of 

substrates. The line-of sight transfer is typical for PVD 

methods. This method requires high temperatures and 

vacuum for its operation, thus, it is not easy for operating 

personnel. Moreover, a water cooling system dissipates 

large heats. There are three techniques used for PVD. First 

technique is thermal evaporation, the second one is 

sputtering technique, and the last one is pulse laser 

deposition. 

Thermal Evaporation Method 

The thermal evaporation method is a reasonably simple and 

popular technique for forming thin films of materials. This 

technique involves using a resistive heat source to 

evaporate a solid substance in a dry atmosphere. The 

ingredients for which a film needs to be made are heated in 

a high vacuum chamber till vapour is produced. The 

evaporated material or vapor steam traverses the vacuum 

chamber from 10-6 to 10-7 torr with thermal energy and 

coats the substrate. Because of the high vacuum, there is no 

chance of colliding with or being interfered with by other 

gas molecules or atoms as they are being carried to the 

substrate. 

 

Fig. 7. Schematic diagram of thermal evaporation method [115]. 

 A tungsten filament (resistive evaporation) or an 

electron beam is then used to heat the crucible (e- beam 

evaporation). In order to evaporate a substance, radio 

frequency (RF) energy can be used to warm the source 

material. A crucible containing the source is encircled by 

an RF induction heating coil in this method. It is called 

inductive heating evaporation to refer to this process.   

 The schematic diagram in Fig. 7 describes the thin film 

preparation by thermal evaporation method [115-116]. 

High film deposition rates, less substrate surface damage 

from impinging atoms during film formation, good film 

purity due to the high vacuum conditions utilised during 

evaporation, and a reduced tendency for inadvertent 

substrate heating are all benefits of the evaporation process. 

In contrast to these benefits, a fundamental disadvantage of 

this technology is that it is more difficult to manage the film 

composition and cannot perform in situ substrate surface 

cleaning [38,71,72]. 

Sputtering Method 

Sputtering is a frequently used process for creating thin 

films. In this procedure, high-energy particles collide with 

a material's surface to eject atoms or molecules, which then 

condense as a thin film on the substrate. Surface atoms are 

physically ejected off a solid surface through momentum 

transfer caused by an energetic bombardment particle with 
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an atomic size, which is a nonthermal vaporisation process. 

Generally speaking, compared to vacuum deposition, the 

source-to-substrate distance is small. Using an ion cannon 

or low pressure plasma (5 mTorr), high-energy ions are shot 

at a solid surface (the sputtering target) in a vacuum, 

causing the sputtered particles to collide with the substrate 

very infrequently or not at all. One of the most popular 

methods for depositing different metallic films, such as 

those made of aluminium, aluminium alloys, platinum, 

gold, and tungsten, as well as insulating and semiconductor 

films like CuO, ZnO, and SnO2, on wafers is RF or reactive 

sputtering. The schematic diagram for the sputtering 

process is shown in Fig. 8 [116-117]. This method has 

several benefits, including the ability to sputter from large-

size targets, the simplification of the deposition of thin 

films with uniform thickness over large wafers, and the ease 

with which the film thickness can be adjusted by simply 

adjusting the deposition time and operating parameters. 

Evaporative deposition makes it easier to control the 

composition of the material as well as other film 

characteristics including step coverage and grain structure. 

The rates of oxide deposition with this method are not very 

high, and it is not cost-effective. Ionic bombardment can 

easily destroy some substances, such as organic solids [38, 

73-88]. 

 

Fig. 8. Schematic diagram of sputtering method [113]. 

 

Pulsed Laser Deposition Method 

Turner and Smith were the first to use a high energy pulsed 

laser as an external power source to ablate the source or 

target material in order to demonstrate pulsed laser 

deposition (PLD), a form of PVD technology. The chosen 

material is vaporised using the laser in this instance. A brief 

but intense interaction between the laser pulse and the 

material leads to ablation through a series of intricate 

events. In the PLD setup, an external vacuum chamber is 

used to house a high energy pulsed laser, either a Nd:YAG 

or UV exciter laser with an intensity of 108–109 W/cm2. 

The target surface of the laser beam is its focal point, and a 

small volume of air is where it is absorbed. A high pressure 

gas is created in the surface layer because the energy 

density of the absorbed radiation is sufficient to dissolve 

any chemical bond between the molecules. A supersonic jet 

is ejected normally toward the target surface as a result of 

the pressure gradient. The laser beam's energy is heavily 

absorbed by the particle cloud, causing a hot plasma 

expansion in the deposition chamber. After a few hundred 

or thousands of laser pulses, the ablated species condense 

on the substrate and create a thin film.   

 

Fig. 9. Schematic diagram of pulse laser deposition method [117]. 

 

 When the technique is done correctly, the film 

develops epitaxially and has a stoichiometry that is 

identical to the target. By rotating the target, rastering the 

beam, or using a combination of the two, deep surface 

pitting brought on by repeated ablation is prevented. In 

order for the substrate to barely touch the ablation plume's 

tip, the substrate and target are positioned just a few 

millimeters apart. The pulse laser deposition process is 

illustrated schematically in Fig. 9 [117]. Stoichiometry 

maintenance, multilayer development, and crystallinity 

control are all benefits of this method [38,116]. 

CHEMICAL VAPOUR DEPOSITION  

A substance or compound from the gas phase condenses on 

the surface of a substrate during a chemical reaction that 

creates a solid thin film deposit, which is known as a 

chemical vapour deposition (CVD) process. The 

production of thin films and coatings using chemical 

vapour deposition techniques are finding significant use in 

a variety of fields, including the construction of solid-state 

electronic devices, micro-electromechanical system 

devices, ball bearings, cutting tools, and nuclear reactor 

components. Chemical deposition techniques include sol-

gel, dip-and-spin coating, spray pyrolysis, etc. [97-100]. 

 Chemical vapour deposition (CVD) technique is 

defined as a technique in which a compound or compound 

from the gas phase condenses on a substrate surface where 

a chemical reaction occurs, which leads to the production 

of a solid thin film deposit. Chemical vapour deposition 

processes for producing thin films and coatings have found 

increasing applications in such diverse technologies as the 

fabrication of solid-state electronic devices, micro-

electromechanical system devices, the manufacture of ball 

bearings, cutting tools and nuclear reactor components. 
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Sol-gel, dip and spin coating, spray pyrolysis, etc. are 

chemical deposition techniques [97-100]. 

Spin Coating Method 

Spin coating is a method to fabricate thin films of uniform 

thickness around 1-10 μm by using centrifugal force which 

requires a liquid–vapor interface. A liquid is often 

positioned in the centre of a circular surface and quickly 

spun to create homogeneous films. To create thin films 

using this approach, there are four phases. The substrate is 

wetted consistently in the first stage by pouring a regulated 

amount of the precursor over it. If necessary, the precursor 

can additionally be cleaned of bigger particles using a sub-

micron filter. The substrate is spun at the proper rotational 

speed in the second stage to remove the extra fluid. While 

the substrate rotates more quickly, the top of the fluid layer 

exerts inertia. Spiral vortices may arise as a result of the 

twisting motion produced by these two forces. However, in 

typical circumstances, the precursor is sufficiently thin to 

continue spinning in conjunction with the substrate and no 

indication of a thickness differential is present. In the end, 

the substrate moves at the correct speed and the rotational 

acceleration precisely cancels out the viscous shear drag. 

The thinning behaviour of the fluid is dominated by viscous 

forces in the third stage. The development of homogenous 

films is influenced by the fluid thinning. However, edge 

effects are occasionally noticed as well. The whirling fluid 

moves uniformly outside. If there is too much fluid present, 

drops must form at the borders so that they can fly off. As 

a result, there may be an edge effect since the thickness at 

the edges of the substrate may be slightly greater than at its 

centre. The fluid begins to evaporate in the fourth and final 

stage, controlling its own thinning tendency. In this process, 

the solvent phase is eliminated, and the sol is transformed 

into a dense ceramic. The fluid evaporates as a result of its 

temperature rising as a result of the fast rotation. As a result, 

the leftover solution becomes more viscous, which causes 

the coating to "gel." Typically, the final movie has an 

amorphous form. Despite the fact that the third and fourth 

stages, i.e., viscous flow and evaporation, happen 

simultaneously, the viscous flow effect predominates 

sooner rather than later [116]. The spin coating method's 

processing is shown in Fig. 10 [118]. 

 To preserve its viscosity, the sol needs to be stored in 

an airtight flask; otherwise, it turns into gel and cannot be 

utilised for film deposition. 

 The viscosity of the coating solution, rotating speed, 

annealing temperature, and time length are the elements 

that impact film thickness. When heated, gel-coated films 

become porous and sintered. The main benefits of this 

technology are the uniformity of the thin film and the exact 

control over film thickness. The spin coating process for 

creating thin films has a low operational cost. This 

approach allows for the very quick fabrication of the films.  

 The drawback is that big area samples are challenging. 

The high-speed spinning becomes challenging as the 

substrate or film gets larger, which makes it challenging to 

thin the film. The spin coating process has a relatively low 

material efficiency. Only 2%–5% of the material is often 

dispensed onto the substrate for the manufacture of thin 

films, whereas 95%–98% of the material is typically thrown 

off and disposed of during the process [38, 89–96].  

 

Fig. 10. Schematic diagram of spin coating method [118]. 
 

Spray Pyrolysis Method 

A cluster of liquid or vapour atoms from various chemical 

species engage in a thermally sparked reaction in the 

process known as spray pyrolysis. The spray method entails 

misting a solution (often aqueous) containing salts of the 

atoms that make up the desired molecule onto a substrate 

that is kept at a high temperature. As soon as the sprayed 

droplets touch the hot substrate, they undergo pyrolytic 

breakdown, which results in the formation of the product as 

single crystals or crystallites. In the vapour phase, excess 

solvent, other volatile byproducts, and other byproducts 

escape. The hot substrates provide the thermal energy 

necessary for deposition, species recombination that 

follows, and crystallisation of the crystallites again. The 

spray nozzle uses a carrier gas that may or may not be 

involved in the pyrolytic reaction to optimise the chemical 

solution into a spray of tiny droplets. By scanning either or 

both the spray head and the substrate using 

electromechanical systems, as indicated in the schematic 

figure of Fig. 11 [119], a large area homogeneous coverage 

of the substrate is accomplished. The chemicals used for 
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spray pyrolysis must meet the following requirements: the 

desired thin film material must be produced by a thermally 

activated reaction between the different species/complexes 

dissolved in spray solutions, and the remaining chemical 

components, including the carrier liquid, must be volatile at 

the pyrolysis temperature. The aforementioned conditions 

can be satisfied for a given thin film material by a variety 

of chemical mixtures, and depending on the deposition 

parameters, the structure and morphology of the films can 

change significantly [120]. 

 

Fig. 11. Schematic diagram of Spray Pyrolysis Method [119]. 

 

 Both chlorides and nitrates can be used to create oxide 

films. Thus, deposits of In2O3, Al2O3, Fe2O3, SnO2, and 

ZnO are possible. Oxide films have also been produced 

using organometallic compounds. Their low deposition 

temperature is a benefit. The substrate's characteristics, the 

chemical make-up and concentration of the spray solution, 

as well as its additives and spray parameters, all affect how 

quickly the films grow when subjected to spray pyrolysis. 

In general, the spray-deposited films are robust and 

adherent, mechanically tough, pinhole-free, and 

temperature- and time-dependently stable. The films' 

topography is typically rough and is determined by the 

spray circumstances. Deposits range from amorphous to 

polycrystalline depending on the ingredients' chemical 

reactivities and droplet mobility. By using the spray 

pyrolysis process, high density packed porosity and 

uniform thickness films are created. The film produced with 

this technology has a low yield. This procedure is found to 

improve the thin film's shape, it has been seen [38,101–

103]. 

CONCLUSION  

Materials science is a diverse field of experimental 

research. The materials are mainly classified in four 

categories: metals, polymers, semiconductors, and 

ceramics. Modern society is heavily dependent on 

advanced materials, for example, lightweight composites 

for faster vehicles, optical fibres for telecommunications, 

and silicon microchips for the information revolution. 

Moreover, materials science is vital for developments in 

nanotechnology, quantum computing, batteries, and 

nuclear fusion, as well as medical technologies such as 

bone replacement materials. The sources, processing, and 

fabrication of these materials are different according to the 

use, requirements, and applications. Thus, the fabrication of 

materials plays a significant role in the development of any 

device. A detailed study of synthesis methods in 

experimental materials science and nanotechnology is 

reviewed in the present article. Top down and bottom-up 

approaches are used for the synthesis of nanomaterials. Top 

approach starts from the big structure of the material to 

attain the smaller structure of nano the range whereas the 

bottom up approach deals with starting from the smallest 

structure to attain the required material. These two 

approaches use several experimental methods for the 

synthesis of bulk as well as thin film materials. The simplest 

method of synthesis of bulk materials is the solid state 

reaction route. This method requires heating and grinding 

for homogeneous mixing of the various oxide materials. In 

addition to this, high temperature is necessary in the solid 

state reaction route. Hydrothermal method is one of the 

significant methods for the synthesis of nanomaterials from 

room temperature to very high temperatures. The crystals, 

which are not stable at the melting point, are prepared by 

hydrothermal method easily. This method requires 

expensive autoclave instruments. Co-precipitation method 

provides homogenous particle size, it is very energy 

efficient because it does not use organic solvent. This 

method is not useful for uncharged species. It is time 

consuming and does not work well when the reactants have 

very different precipitation rates. The sol-gel method is a 

method which is used to prepare bulk and thin films at low 

reaction temperatures. The samples prepared by sol-gel 

method are high purity products. The melt quench method 

is particularly used in the synthesis of glasses. The auto-

combustion method is a fast and simple processing method, 

but it is not always easy to define the optimal F/O ratio in 

an auto combustion method.  

 The thin film preparation methods have mainly 

physical vapor deposition and chemical vapor deposition. 

These two methods use several synthesis routes and each 

method has certain merits and demerits. The evaporation 

method has a rate of high film deposition and more difficult 
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to control of film composition as well as the absence of the 

capability to do in situ cleaning of substrate surfaces. 

Sputtering technique provides the deposition of thin films 

with uniform thickness over large wafers. It has step 

coverage and well grain structure compared to evaporation. 

The last PVD method, PLD, has the advantages of good 

crystalline control, multilayer growth, and maintenance of 

stoichiometry. The spin coating method gives the control 

over the thickness of the film by maintaining the viscosity. 

Sometimes the sol gets converted into gel and cannot be 

used for the deposition of films. The spray pyrolysis 

methods were used to develop strong and adherent, 

mechanically hard, pinhole free, and stable films with time 

and temperature. 
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