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Аннотация: ZnO nanoparticles are regularly studied for optoelectronic devices. By doping, the 
structural, optical, electrical and magnetic characteristics of the materials are changed. Some 
nanoparticles, e.g. Al, Ga, Co doped with ZnO have been extensively used. Even so, few Sr-doped ZnO 
nanoparticles have been reported so far. In the first part of this work, Sr-doped Zinc Oxides nanoparticles 
have been synthesized by sol gel process. In the next part of this project, the dye-sensitized solar cells 
(DSSCs) have been fabricated. They have been analyzed with X-ray diffraction (XRD), Scanning electron 
microscopy (SEM), UV-visible Spectrophotometry respectively, for their structural and optical properties. 
The functional groups and chemical bonding of ZnO have been substituted by Sr ions by Fourier 
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transform infrared. The particles of varying sizes and shapes were seen in the micrographs. The 
measurements of photoluminescence indicate a change of 380 to 384 nm for doped and co-doped samples 
at close-band rims of UV emissions. To decrease the inherent defects in the ZnO structure, the Zn 
replaced by Sr ions. This has also been observed that there is a saturation benefit of the Sr-doping 
concentration in ZnO nanoparticles for our primed solar system regardless of the marginally soluble 
nature of strontium in ethanol. Undoped and Sr2+ doped DSSCs have been used for generating ZnO-
based photographic anodes. The charge characteristics of prepared DSSCs have been used in 
electrochemical impedance spectroscopic experiments. 

_____________________________________________________________________________________________________ 
 

1.1  Nanoscience 
“Nano science is the study of the phenomena and manipulation of materials at atomic, molecular, 
macromolecular scales, where properties differ significantly from those at a large scale”. Nano science is 
the study of particles intermediately between the biggest molecules of the present photolithography and 
the smallest structures, the theory of smallest scale objects, from a hundred nanometres to fewer than 100 
nanometres (GaigeZheng, 2004) (Publishing et al., 2006) (Lieber, 2003). Chemistry historically mixed 
these proportions of colloids, micelles, polymer clusters, phase-split areas of block copolymers and 
related structures, usually very large molecules or aggregates with many molecules. More recently, 
special types of nanostructure have appeared, such as Bucky line, silicone Nano rods and composite 
quantitative semiconductor dots. Nano sciences in physics are generally concerned with quantum 
phenomena and electrons 'and photons' activity in Nano scale systems. Biology and biochemistry 

Nanotechnology 
“Nanotechnologies are the design, characterisation, Production and application of structure, devices and 
system by controlling shape and size at Nanometre scales.” Nanotechnology is a rising interdisciplinary 
that has an extensive utilization in all fields of present-day science and innovation. Such fields are optics, 
mechanics, medications, plastics, materials science, hardware, aviation, and textiles. Because of their 
fresh, exciting views in many fields, nanoparticles have attracted the attention of scientists from all over 
the globe. How to manufacture such sophisticated Nano crystals with a well-defined and repeatable 
electronic and magnetic characteristic at low price has been the most difficult problem today (George et 
al., 2010). 

1.1.1 Risks in Nanotechnology 
A modern technology generates controversy between those who want to use it as soon as possible and 
those who want to delay, if needed, to make it completely safe. Nanotechnology is novel; while some are 
very well-known, others are unknown, and the public is not surprised to be both alert to their dangerous 
potential and to their positive potential(Whiteside, 2005). 

1.2 Nanomaterials 
Nano materials describe, in principle, materials of which a single unit is sized (in at least one dimension) 
between 1 to 1000 nanometers (10−9 meter) but usually is 1 to 100 nm (the usual definition of Nano 
scale). Nano materials research takes a materials science-based approach to nanotechnology, leveraging 
advances in materials metrology and synthesis which have been developed in support of micro 
fabrication research. Materials with structure at the Nano scale often have unique optical, electronic, or 
mechanical properties. Nano materials are slowly becoming commercialized and beginning to emerge as 
commodities. There are significant differences among agencies on the definition of a nanomaterial (Lim 
et al., 2010). In ISO/TS 80004, nanomaterial is defined as a "material with any external dimension in the 
Nano scale or having internal structure or surface structure in the Nano scale", with Nano scale defined as 
the "length range approximately from 1 nm to 100 nm". This includes both Nano-objects, which are 
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discrete pieces of material, and nanostructured materials, which have internal or surface structure on the 
Nano scale; a nanomaterial may be a member of both these categories.  

 

Figure 1.1 Different shapes of nanomaterial 

On 18 October 2011, the European Commission adopted the following definition of a nanomaterial: A 
natural, incidental or manufactured material containing particles, in an unbound state or as an aggregate or 
as an agglomerate and for 50% or more of the particles in the number size distribution, one or more 
external dimensions is in the size range 1 nm– 100 nm. In specific cases and where warranted by concerns 
for the environment, health, safety or competitiveness the number size distribution threshold of 50% may 
be replaced by a threshold between 1% to 50% (Search et al., 2011). 

1.3 Nanoscale 
Nuclear scale: 10-15 m or 10-6 nm. Atomic scale: 0.1 nm or 1 angstrom (A). De Broglie wavelength in 
metals ~1 nm. DNA molecules: 2–12 nm. De Broglie wavelength in semiconductors, mean free path in 
polycrystalline metal fills 10nm. Viruses: 10 – 100nm. Nanostructures: less than 100nm. 

1.4   Zinc Oxides Nanoparticles 
Particles on the Nano scale consist of the critical role during the formation of Nanotech. Many Nano 
particles contain properties and various properties from mass metals. These properties are most used in 
many of the modern applications. 

To overcome these issues many different methods are developed for preparing Nano particles by using 
solution-based method by using different pre-cursors. Nano particles are prepared by using silica Nano 
particles that helps in improving the different properties of Nano- science. Most of the work has been 
carried out by the formation of silica- based These samples are then compared with other composites and 
their results have been studied. The changes in the significant properties of both the samples are recorded 
in the form of tables. 

 
Figure 1.2 Wurtzite ZnO Internal structure 
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Schematic chart of unit cell of wurtzite ZnO is appeared in Figure. The tetrahedral coordination in ZnO 
prompts a need in reversal symmetry and thus, ZnO displays piezoelectricity and pyro-power. 
Attributable to the wurtzite structure, ZnO has low symmetry prompting unconstrained polarization along 
the c-bearing. Surface imperfections assume a vital part in the photograph synergist exercises of metal 
oxides as they increment the quantity of the dynamic locales. At exhibit, the precipitation strategy is 
generally utilized as a part of the blend of ZnO Nano precious stones on the grounds that the mole 
proportion can be precisely controlled, mono scatter tests can be orchestrated, and the dissolvability can 
be expanded. ZnO Nano particles were set up by utilizing a savvy precipitation procedure. The as readied 
test was portrayed by powder XRD, UV, SEM and TEM examinations and the outcomes have been 
discussed (Khan et al., 2015). Due to its broad immediate band gap and high excitation binding power, 
zinc oxide is one of the most promising products for optoelectronic applications. Zinc oxide micro and 
nanomaterial have been widely researched in recent years because of their size dependent properties. 
These characteristics allow Zinc Oxide appropriate for making diodes, optoelectronics, and equipment for 
energy storage and detectors for ultraviolet light emitting.  

1.5  Significance of alkaline earth metal doping  

ZnO has unique characteristics that have attracted major researchers ' attention, such as low cost, low 
toxicity, non-hygroscopic, direct band gaps and inherent emission properties, with large excitonic binding 
energies (Jayasimhadri et al., 2009). The introduction as a network modifier of alkaline earth metals (Mg, 
Ca, Sr and Ba) reduces the temperature of the fusion and creates a disturbance in the glass network, which 
increases the creation of unabridged oxygen groups (Rao et al., 2011). TiO2 is a heavy metal oxide that 
greatly enhances chemical stability and stable glass structure addition of phosphate glass (Silva et al., 
2010). The significant II-VI semiconductor ZnO is an n-type (3.36 eV) suitable band gap with a broad 60 
m eV exaction binding energy, which provides a very high-performance application in optoelectronic and 
nanotechnology applications (Alaria et al., 2005). To monitor their physical and chemical properties for 
their future applications, syntheses of nanostructure-controlled metal oxide of size and type are very 
important. In recent years, the optical properties of the Nano crystalline semiconductors have been deeply 
analyzed because of the small size of the sample and the band distance, changing the optical and electrical 
properties of the substrate that is ideal for modern applications and products. In addition with impurity 
atoms or doping is among them being generally known procedure for changing the electrical and optical 
characteristics of a semiconductor (Yeh et al., 2005). Numerous strategies for the preparation of undoped 
and doped ZnO nanoparticles, either chemical or physical (Editor et al., 2010), Hydrothermal process (Cai 
et al., 2008), sol-gel method (Vorkapic and Matsoukas, 1998), co-precipitin method (Manuscript, 2013), 
have been documented in literature. The co-precipitation process was among the most effective methods 
for the preparation of nanoparticles among different methods. Magnesium doped ZnO Nano fibers have 
recently become more common, with the Band Gap Eg being increased, and calcium doping at ZnO NPs 
relaxing strain at Unit cell. ZnO provides special properties which have attracted the main attention of 
scientists such as low-cost, low poisoning, non-hygroscopic, direct band distance and intrinsic emissions 
and broad energy binding exaction.  

Sr doped ZnO Nanoparticles 

Many methods to improve efficiency were identified by raising the electron recombination between 
electrons and hydroxide ions. The primary doping is one of that. This raises the pace of electron 
transportation and allows it possible to raise the substance band difference (Vittal and Ho, 2017). The 
doped metal ions could serve as a trapping site for electrons, preventing electrons from being recombined. 
In one-dimensional architecture, the existence of impurity charge carriers can provide better charging for 
zinc oxides-based dye sensitized solar cells. Various studies are being recorded in metal doped zinc 
oxides based dye sensitized solar cells (D’Souza et al., 2016) (Goel et al., 2017). Nonetheless, very few 
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experiments with alkaline-doped ZnO earth metal films were reported, of which no experiments with 
substance usage strontium have been found. Sr2+ has an ionic radius of 2.45Å, far larger than the ion Zn2+, 
which has a radius of 0.74Å. Since the reimbursement of the costs and discrepancies between the Sr2+ ion 
radii and the Zn2+ cation, the cation doping creates extraordinary gill defects. The optical properties of 
ZnO are affected as a result of these factors (Yousefi et al., 2015). Throughout this research, we 
synthesized and analyzed pure zinc oxides and strontium doped Zn oxides nanoparticles with specific 
strontium compositions through clear reflux methods. 

1.6  FTO Glass 

Transparent leading oxide TCOs are a technologically relevant material class since they are commonly 
used on optoelectronic instruments, flat panel displays and electromagnetic safety. Doped fluorine oxide 
FTO was particularly important because of its high electrical conductivity and optical transparency 
combined with low cost as a transparently operated electrode in optoelectronic systems. In certain 
optoelectronic instruments like electrode, FTO is widely used in different kinds of solar cells (Baek et al., 
2010). It was not well defined, despite increasingly commonly used FTO in software applications. The 
FTO mechanism is most frequently referred to, for example, as just 4.4 eV (Shang et al., 2010). FTO was 
also stated to be an effective anode in organic diode lasers and photovoltaic. Usually, these 
implementations need an anode that has a working feature of at least 4.7–5.0 eV, which is conflicting with 
the often-referenced value of 4.4 eV only. This implies that the FTO feature may potentially be 
considerably larger than expected. 

1.7 Photovoltaic 

Photovoltaic cells are semiconductor devices that turn the power of light into electricity. A semi-
conductor is typically a basic part or alloy that, under certain conditions but not always under certain 
conditions, may conduct electricity and make it a good medium for the regulation of current. Silicone is 
the group IV factor and the most widely used photovoltaic cell semiconductor. Other products of Group 
III and Group V (called semiconductors III-V) or of other Group II and Group VI (alternatively, referred 
to as semiconductors III-VI) can also be used. 

 

Figure 1.3 Inside Photovoltaic cell working 

For the environment and the oil issue, the usage of solar electricity is of considerable significance. A 
variety of photovoltaic systems for solar energy usage have been created (Gregg, 2017). According to 
their peculiar absorption properties of size and form, these photovoltaic instruments include dye-
sensitized solar cells (DSSCs) and semiconductor sensitized solar cells (SSSCs) which are attractive 
candidates (Kamat, 2008). A major emphasis has been put on increasing light collection, improving 
electron transfer and reducing the recombination of charges to improve the conversion capacity for 
DSSCs or SSSCs (Anandan, 2007). Solar photovoltaic are a significant source of electricity because 
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conventional fossil fuels have been extensively dependent on for many decades and output cost rises 
coupled with environmental issues over greenhouse gas pollution.  

1.9 Factors that effects the Performance of PV 

There are several factors influencing the outdoor output of a PV board. Several of these difficulties apply 
to the module itself, most to the place and climate. Few are the following main factors: solar irradiance, 
material degradation, module temperature, fill factor, shading, parasitic resistances, tilt-angle, soiling etc. 
(Vidyanandan, 2017). 

1.9.1 Variation in Solar Radiation 

PV modules can differ greatly in their efficiency under differing light conditions and have a direct effect 
on the quality of PV systems in turn. Changes in solar intensity falling on the PV module influence many 
of its parameters, including Isc, Voc, capacity, FF and performance. 

1.9.2 Module Temperature 

A PV cell is extremely sensitive to changes in temperature, just as any other dielectric material. The 
optimized power generated by the PV cell decreases at higher in its temperature. This is primarily because 
of the increased recombination of internal carriers induced by the higher concentration of carriers. With 
rising solar radiation and air temperatures, the temperature of a solar cell will increase but will decrease 
with increasing wind speed. As the cell temperature drops below 25°C, the current marginally decreases, 
while the voltage and power rise. In total, there is a drop in power output from 0.4% to 0.5% per degree of 
temperature increase. In conjunction with the kind of semiconductor used, the amount of temperature 
influences on PV modules can differ. 

1.9.3 Fill-Factor 

The PV cell filling factor is known as the relationship between the maximum power and the Voc and Isc 
product. A high-quality PV module with a fill factor of more than 70% is planned. A lesser factor of fills 
suggests higher or lower value for Rsh, higher recombination present in space charge and increased Io 
junction's reverse saturation current, which all reflect increased losses. Cell temperatures are elevated, and 
the fill factor is decreased. 

1.9.4 Parasitic Resistances 

The PV cell series and shunt-resistances, known as parasites, lead to higher I2R losses and thus to reduced 
module performance. The shunt resistor (Rsh) reflects the resistance to leakage which induces the leakage. 
Rs must be as minimal as possible for maximum output of a PV node, and Rsh should be as efficient as 
possible. To track consistency and evaluate the efficiency of a PV device, the awareness of those strength 
values is important. 

1.9.5 Shading 

Shading consists in inconsistencies in the induced currents of each module's cells. The capacity factor of 
the whole module can be considerably reduced even though partial shades on a single cell. A shaded cell 
generates much lower current than the un-shaded cell. If more power is pushed through a shaded cell than 
the shaded potential, it will overheat and may be destroyed. 

MATERIALS AND METHODS 

The key goal of this project was designing of Sr doped Zinc Oxides Nanoparticles on FTO Glass for 
photovoltaic applications then to characterize them using XRD, SEM and UV-visible spectroscopy. 
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3.1  Methods of synthesis 

3.1.1 Sol-gel technique 

The synthesis of sol-gel can also be defined as, "The processing by poly condensing of the molecular 
precursors contained in the liquid of an oxide material." It may also be used to produce Nano-dimensional 
materials. Films or colloidal powders could be the result of this process of synthesis. Furthermore, 
precursor-based deposition routes may be used to shape a nanostructure.There are relatively few records 
of the Sol-Gel process for Nano sulphides, selenides or tellurides. Fig: 3.4. Display the method of sol-gel. 

 

Figure 3.1 Sol gel method 

Here are two sol-gel methods most widely used in metal sulphides formation. The first approach focused 
on an altered sol-gel route involving a regular alcohol solution that is normally subjected to HZS from a 
sulfur source. The second include the application by modification of the first sol-gel route of thiols rather 
than alcohol for a sulphides synthesis. This process is widely used in the processing and development of 
nanorods, nano-particles, thin films and monoliths from inorganic and organic informative hybrid 
materials (Bousslama et al., 2017). 

3.2 Lab equipment 

The beaker is made from the good type of glass have large round, hallow from inside and the level base. 
Furthermore, small curve beaker is used for the purpose of pouring liquid in another. We can see beaker 
in different size, shape and different capability. Most commonly beaker is used in standard size. Beakers 
we use in the lab made of glass. This glass is very reliable and can allow the high temperature. Some 
glasses are stiffer than steel or aluminum and some beakers made from definite type of plastic like PTFE, 
polythene and polypropylene. The beaker is made from the polypropylene is used to study the fluid of 
gamma analysis. Laboratory spatulas are small and generally made up of stainless steel. These are used 
for applying, scrapping and spreading of chemicals compounds in the form of paste of powders. 

3.2.1 Electronic Balance 

Electronic balancing is defined as a method for electronics that is used to calculate mass in the smallest 
scale. Just the material weight, the air doesn't impact the measuring plate inside the electronic balanced 
plate effect. This measuring plate is called current protection. 
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Figure 3.2 Electronic Balance 

3.2.2 Magnetic Stirrer 

As an electronic unit, the magnetic stirrer is used as a mixer for magnetic solution and for the revolving 
use of a source for stir bar and mixes the solid chemical very rapidly in liquid form, it is also known as the 
magnetic mix. It is widely used in the chemical industry and its laboratories. The principal feature of the 
magnetic stirrer is where the solution is mounted in the beaker and the agitators spin in the loop. 

 

Figure 3.3 Magnetic Stirrer 

3.2.3 Oven 

Oven is an electronic system for heating the solution and beaker in labs and houses at consistent 
temperatures. More than this oven is used for various purposes depending on its temperature range. 

 

Figure 3.4 Oven 
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3.2.4 Furnace 

Lab furnaces are used for complete water elimination from the sample. It is capable of heating at almost 
1600 degree. Temperature can be maintained according to requirements. Its internal part is made up of 
ceramic substance that can tolerate high temperature. The furnace is used to dry the chemicals in which 
liquid have access amount. The temperature of the furnace goes to 400 degree centigrade to 1000 degree 
centigrade at which composites can dry. Some furnaces work with electricity because the gas furnace is 
hazardous for lab work. These are used for the crushing or grinding of dried samples. 

 

Figure 3.5 Furnace 

3.2.5 Spin coater  

Spin coater is a mechanism that evenly distributes a liquid to a substrate. In this prototype spin-coater 
certain valuable properties such as the ability to create defect-free and uniform thin film, spinning 
precision with an integrated closed process chamber, etc. are retained. The materials used to produce thin 
film have been liquefied in a solvent. The device is designed here with a dc motor and a simple electronic 
circuit which allows easy control of the spinning speed.  

Glass substrates 

The FTO is a translucent conduction oxide widely used in optoelectronic applications for Fluorine doped 
tin oxide (FTO). The FTO feature is generally referred to as 4.4eV, which is inconsistent with recent 
equipment output data. The authors calculated the function of commercial FTO in 5.0 + 0.1eV with x-ray 
photoelectron spectroscopy. Due to bending the surface band, UV ozone processing has been found to 
improve the working function by 0.1eV. The causes of the previously mentioned much lower features are 
also discussed and seen to be caused by carbon emissions and UV-inducing reduced operational 
functions. 

3.3 Precursors list for Strontium Doped Zinc Oxide. 

Zinc nitrate, Strontium Nitrate, DIO water, Ethanol, Ethylene Glycol etc.  

3.3.1 Zinc nitrate  

Zinc nitrate is a naturally inorganic compound with that of the Zn (NO3)2 formula. This white, crystalline 
solid is extremely fragile and normally found as Zn (NO3)2.6H2O hexahydrate. In water as well as alcohol 
is soluble. Zinc nitrate is not used on a large-scale but is used for synthesis of coordinating polymers on a 
Lab scale. It is often used for the manufacture of different ZnO base structures, its regulated 
decomposition to zinc oxide. 
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Figure 3.6 Zinc nitrate Hexahydrate 

3.3.2 Strontium Nitrate 

Strontium nitrate is an inorganic compound consisting of a formula Sr (NO3)2 in the elements strontium, 
nitrogen and oxygen. This color less solidifier is used in pyrotechnics as a red dye and oxidizer. Strontium 
nitrate is used, like all other strontium salts, to create a rich red blaze in the flames and flares of highways.  

 

Figure 3.7 Strontium nitrate hexahydrate 

In these applications, the oxidizing properties of this salt are useful. Strontium nitrate can help eliminate 
and reduce skin irritation. When combined with glycolic acid, strontium nitrate greatly decreases skin 
inflammation rather than glycolic acid alone. 

3.3.3 Ethylene Glycol  

A formula organic compound (CH2OH)2 is ethylene glycol. It is used mostly as a raw material in the 
manufacturing of polyester fabrics and in anti-freeze formulations for two purposes. It is smell less, 
colourless, sweet, 

 

Figure 3.8 Ethylene Glycol 
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3.3.4 Synthesis procedure 

The high-purity chemicals of over 99% were utilized. The precursors involved Zinc nitrate hexahydrate 
Zn (NO3)2, Strontium Nitrate hexahydrate Sr (NO3)2, are used for the precursors in this synthesis of 
Strontium doped zinc oxide Nanoparticles. No more purification was required. For the production of 
doped Nano-powder, zinc Nitrate Hexahydrate dissolved in 6ml of double distilled water and 4ml of 
ethanol were held in reserve under vigorous stirring on magnetic stirrer for 2 hours  

3.3.5 Synthesis of ZnO 

Take a beaker and add 6ml deionized water after that 2.97g, 1.48g, 2.97g of zinc nitrate were respectively 
and 4ml ethanol was added in it. Solution was kept on magnetic stirrer for 2h to make homogenous 
solution. Zinc oxide solution was prepared after stirring. 

Flow Chart of ZnO 

 

Figure 3.9 Synthesis of ZnO 

 

3.3.6 Synthesis of Strontium 

Take a beaker and add 10ml deionized water after that 0.53g, 1.06g, 1.59g of Strontium nitrate was 
respectively added in it. Solution was kept on magnetic stirrer for 2 h to make homogenous solution. 
Finally, zinc oxide solution was prepared after stirring. 

Flow Chart of Sr 

 

Figure 3.10 Synthesis of Sr 
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Sr Strontium nitrate Water 
1 0.53 g 10ml 
2 1.06 g 10ml 
3 1.59 g 10ml 

Table 3.1 Synthesis of Sr nanoparticles 

3.3.7 Synthesis Sr Doped ZnO 

Take a beaker and add a sample of ZnO solution after that 0.53g, 1.06g, 1.59g of Strontium nitrate was 
respectively added in it. Solution was kept on magnetic stirrer for 2 h to make homogenous solution. 
Finally, Sr doped zinc oxide solution was prepared after stirring. 

Flow Chart of Sr Doped ZnO 

 

Figure: 3.11 Synthesis process of Sr doped ZnO 

3.4 Characterization techniques 

The techniques used for the characterization and analysis of Sr doped ZnO are listed and discussed below: 

 X-ray diffraction technique (XRD) 

 Scanning electron microscopy (SEM) 

 Ultra violet visible spectroscopy (UV-Vis) 

 Energy Dispersive X-Ray Spectroscopy (EDX) 

3.4.1 XRD-structural studies 

It is a swift method of investigation primarily used to detect a substance's process and is able to supply the 
corresponding values to cell unit dimension. The examined composition of the sample is tested 
homogenized, feebly grounded and common bulk. 

3.4.2 Fundamental principles of XRD 

XRD has a foundation on which X-rays with a sound wavelength and crystalline sampling interferes 
constructively. These same wavelength X-rays are provided by a CRT cleaned for single wavelength 
radiation that has collimated towards the focus and is bound for the samples. The exchange of waves of 
events and samples constitutes a building block in order to satisfy the specifications of the Law of Bragg 
(nλ=2d Sinθ). This law connects EM radiation wavelength values, diffraction angles and lattice distance 
inside the crystalline sample. The diffracted X-rays are first interpreted, analyzed and then measured by a 
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detector. The haphazard orientation of the powder type material is to be accomplished by scanning the 
sample positioned within the range of 20 angles and all likely directions for diffraction from the lattice. 
Altering the observed diffraction peaks to d-spacing allows the mineral to be found, as any mineral found 
has a certain number of d-spacing values. This is derived on average by comparing the normal values for 
the referenced patterns, d-spacing values of the compounds. The powder and single crystal put 
adjustments beyond this instrumentation. Figure: 3.12. Display XRD structure. 

 

Fig.3.12. X-ray Diffraction Technique 

3.4.3 XRD instrumentation and working 

X-ray diffract meter, composed of three, the major elements, an x-ray tube, a sample layer, an x-ray 
detector. The strands are heated to generate electrons, and then the electrons are accelerated into the 
direction of the target when they use voltage to bombard the target material. As these electrons, having 
sufficient energy, are formed, the characteristic form of X-ray spectrum consists of several components, 
to extract inner, shell electrons, from the target matter, the substance. Kα and Kβ species are most 
common. The type Kα1 and the type Kα2 are present. Kα1 has an almost shorter wavelength value, but 
the sensitivity of this form is twice as high as Kα2. The characteristic of the subject material is these 
unique wavelengths. The filtering process is carried out using the weighted average of the two used 
wavelengths which are sufficiently close.  

3.4.4 Applications of XRD 

XRD is mainly commonly used for the identification of unspecified crystalline formed materials such as 
minerals and non-organic compounds. Detection of an unknown solid is definitive and central in the field 
of environmental, geographical, biological, material and engineering sciences.  

3.5  

3.5.1  Fundamental principle values of SEM 

The high speed electrons SEM hold major amount in kinetic energy that is dissolute as different ran range 
of signal values that produce through the sample-electron communication when most of the occasion 
electrons get slowed down in the sited solid images, diffracted back scattered electrons (EBSD) those can 
be utilized to find out the structures of crystals and mineral orientations, the backscattered electrons 
(BSE), the photons characteristic X-ray that can be utilized for the analysis of present elements and for 
variety X-ray, also for visible light i.e., cathodoluminescent-CL and heat. The secondary topography of 
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models and the backscattered electrons also are most cooperative for the figure of the distinctions in the 
formation of multiphase samples for example for the discrimination of swift phase. X-rays are generated 
through the inelastic type collisions of occasion electron with the electron present in distinct orbital of 
different atoms in the placed example to observe. When these thrilled electrons come back to the lower 
states of energy, they produce X-rays. These X-rays are of unchanging wavelength and this wavelength is 
associated to variation in the values energy level values of different electrons present in different kinds of 
shells for the given component. So we can say, characteristic X-rays can be created for every factor 
present in the mineral and is excited through the incident electron ray. SEM investigation is regarded as 
“nondestructive” as the X-ray produced through the electron communications do not cause to short fall in 
the volume of given section, so it makes probable to examine the same thing repeatedly. The scanning 
electron microscope is shown in figure 3.13. 

 

Fig.3.13 Scanning, Electron, Microscope 

3.5.2  SEM Applications  

3.5.3  Strength of SEM 

There is possibly no any other device with wide applications for the study of the solid substances that are 
equivalent to SEM. The SEM is significant in different fields those call for categorization of the solid 
substances. Whereas this donation is mostly related with the geological functioning and it is noticeable 
that those workings are small fraction of the operatic and the industrial workings that subsist for this 
implementation. Most of SEMs are relatively straightforward to manage with the user-friendly intuitive 
interfaces. Here most applications need a less preparation of the sample. For most of the purposes, data 
achievement is frequent. The modern SEMs engender the data in a digital format and these are extremely 
convenient and expedient. 

3.6  Construction and working of UV-visible spectrometer 

A component diagram of a usual spectrometer is given in the following fig. 3.10. The implementation of 
the under discussion device is quite clear-cut. A light ray emerging from visible and/or a UV-light 
foundation (colored in red) are splatted up in its constituent wavelengths using a prism or a diffraction 
grating. Every monochromatic ray is then divided in two beams of equal strength of intensity through 
using a half mirrored instrument. One ray that is also called the sample beam (colored magenta) then 
happens to pass through a translucent container. This is a small container having a solution form of 
compound that is under discussion in the translucent solvent. The second beams also call the reference 
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beam (colored blue) then happen to pass through like cuvette (container) that contains only solvent. Then 
the intensity values of all light rays are calculated through electronic detectors and then evaluated. The 
intensity value of reference beam, that should undergo no or a little light absorption, can be described as 
Io. The intensity value of sample ray is described as I. In a very little time, the spectrometer, instinctively 
start to scan all constituent wavelengths in the described way. The ultraviolet (UV) region inspected in 
general ranges from 200 nm to 400 nm, and value in visible portion ranges from 400nm to 800nm. 

 

Figure: 3.14 Diagram of a Spectrophotometer 

RESULTS 

4.1  SEM Analysis 

Scanning-electron microscopy is one of the major characterization techniques in the nano materials lab. 
For obtaining the detailed examination at a high-resolution SEM is performed and can be shown 
schematically. For obtaining the results with extremely small resolution are a big challenge, this challenge 
is achieved by using the SEM techniques. The presence of defects on the sample could also produce 
significant changes in the results of the samples which are obtained by different techniques. As object 
become smaller in size the efficiency of the SEM in producing the results with high resolution goes on 
increasing. As IC goes on thin, there is a great demand for using SEM when the properties become 
smaller in size then this could only be examined by different optical wavelengths. SEM is not only limited 
to imaging failures on IC’s and by the proper methods SEM can be used for studying the materials 
characterization technique. While studying the detailed observation of SEM, it uses many secondary 
electrons that are produce by the bombardment of samples with different electron beam in order to 
produce the image. This can be applied for having different surface roughness and can be calculated 
qualitatively. It is the basic analysis machine which is use top scan the surface of sample is kind of 
electron microscope the scientific name is SEM. In this machine the electron falls on sample then this 
electron reflects with information of samples surface and the composition. This reflected electron passes 
with the two magnetic lenses and enter in the detector which create image of sample. We use the Everhart 
Thornily detector to detect the secondary electron which is emitting from the sample which is very 
common in the SEM. After detecting secondary electron the detector check it intensity of specimen and 
the other things of specimen. The range of SEM is going to 100nm to 1nm which can give us good quality 
of image. The specimen we use tom take image place it in very high vacuum and high pressure to avoid 
the dust particles which are present in the environments. 

4.1.2  SEM Images of Sr, ZnO 

SEM terminology shows the Sr, ZnO images in detail to study the surface morphology. Figure shows the 
SEM images of Sr, ZnO. Zinc Oxides demonstrated a layered Zinc sheet structure. Pure Zinc Oxides and 
Sr Doped Zinc oxides rose as a slender sheet with discrete edges, wrinkled surfaces and collapsing. The 
strontium sheets of the composites were clearly embellished with ZnO nanoparticles. 
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Figure 4.1 SEM image of ZnO 

 

Figure 4.2 SEM images of Strontium Nitrate Nanoparticles. 

 

Figure 4.3 SEM images of Strontium Doped ZnO Nanoparticles. 

4.2  XRD Analysis 

X-ray power diffraction is a fast-scientific procedure basically utilized for stage recognizable proof of a 
crystalline material and can give data on unit cell measurements. The discussed material is finely ground, 
homogenized, and normal mass arrangements are resolved.  
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Figure 4.4 XRD Analyses of Pure ZnO Nanoparticles 

 

Figure 4.5 XRD Analyses of Sr Nanoparticles 

 

Figure 4.6 XRD Analyses of Sr doped ZnO Nanoparticles 
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4.3  Ultraviolet-Visible spectroscopy 

Ultraviolet visible spectroscopy alludes to assimilation spectroscopy or absorbance spectroscopy is part of 
the bright and the full, neighboring unmistakable unearthly areas. This implies it uses light in the 
noticeable and neighboring reaches In this locale of the electromagnetic range, particles and atoms 
experience electronic advances; ingestion spectroscopy is integral to fluorescence spectroscopy, in that 
fluorescence manages changes from the energized state to the ground state, while retention estimates the 
advances starting from the earliest stage to the energized state. The observational spectroscopy was used 
to locate and investigate the optical properties of prepared NPs, an effective non-destructive tool. The 
UV-Visible examines the pure zinc oxide (ZnO) and doping nanoparticles of zinc oxide. The visible UV 
spectrometer ranged between 360 and 380 nm. The substance then absorbs this light as the 
monochromatic light crosses an area. The absorption rate of the samples at various wavelengths is seen in 
Figure 4.7. The 0.25%, 0.5%, and 0.75% of the Strontium concentration illustrates the absorption figure. 
We are clearly aware of black line absorption is smaller than the blue line and extra blue line absorption is 
less, as the red line reveals increasing doping absorption. 
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Figure 4.7 Ultraviolet-Visible Spectroscopy of Sr Doped ZnO 

4.4  EDX (Energy Dispersive X-Ray Spectroscopy) 

Energy dispersive X-ray spectroscopy is also called EDX; this technique is utilized for the elemental 
composition and chemical characterizations of the samples. It depends on the interaction between the 
sample and X-ray excitation bases. Different types of peaks are appeared in EDX because different 
element has specific atomic structure. An intensive beam of photons is focused on the sample for the 
elemental composition purpose. By using EDX, thickness of multilayer can also be determined. EDX is 
an analysis technique used for the elemental analysis or chemical characterizations of sample.  
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Figure 4.8 EDX of Sr Doped ZnO 

4.5 Optical properties doped ZnO Nano powders 

A sharp band edge is observed at approximately 360 nm. As displayed by figure 4.9 which can be due to 
the intrinsic band gap absorption of ZnO due to the electrons transitions from the Valence Band to the 
Conduction Band. The onset of band edge absorption has been found to be blue shifted with decreasing 
particle size confirming the size dependent absorption properties of ZnO nanoparticles. A compressed 
lattice is expected to provide a wide band gap because of the increased repulsion between oxygen 2p and 
Zinc 4s bands. It is clear that with doped band gap was increased from 3.39 eV to 3.40 eV. 

 

Figure 4.9 UV-VIS spectra of ZnO nanoparticles 
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Figure 4.10 UV-VIS Spectra of Doped ZnO Nanoparticles 

4.6 Photoluminescence studies 

Conclusion  

Strontium doped ZnO NPs in this research were organized by the sol-gel process. Zinc oxide has been 
prepared by a lot of methods such a while sol-gel method, hydrothermal method and spray paralysis 
method. But here the more preferred method for preparing zinc oxide is sol-gel method owing to its low-
cost and ease of formation. Different steps are involved during the formation of Sr/ZnO nanoparticles. 
First, beakers of different volumes, sintering rods and then the flasks were cleaned through distilled water 
in front of initial manufacturing of the samples. It was performed to keep away from the contamination 
into the samples with a particular end goal. The zinc nitrate in a beaker, which was dehydrated about 
2.97g was suspended into the 6ml distilled water and 4ml ethanol as well as prepared a 10ml solution 
called ‘A’. Into the other beaker, Strontium nitrate with the amount of 211.63g Deionized water as well as 
prepared a solution of 10ml, called this solution ‘B’. On self-supporting oppositely balanced strontium 
powder has gone through different steps like stirring, oven and furnace process. Zinc nitrate from another 
beaker with a quantity of 1.48g was mixed into the 6ml distilled water and 4ml ethanol which produced a 
solution of 10ml called ‘B’. During continuously stirring into the beaker, the two prepared ‘A’ and ‘B’ 
solutions were merged drop vise in Sample A. For every sample, concentration of the strontium nitrate 
was too different because of difference in molarities. This solution was continuously stirred so that the 
homogeneity of prepared solution can be easily maintained. Similar process was performed for every 
sample named as S1, S2 and S3. Then the final product was placed in china dish and dried for 24h in an 
electric oven at 80°C to get gel. Then that gel will be deposit on the FTO glass by using the spin coater. 
The spin coater having 3,000 rpm for deposit uniformly layer. The Glass substrate dried in oven at 100℃ 
for 30 mints, after that that sample Furnace on 500℃ to 550℃ for 10 mints. Sr/ZnO Nano composites 
which were prepared through this process have splendid efficiency of 95% under suitable conditions. Our 
results display the typical social affair of photovoltaic application of Sr-doped ZnO nanoparticles for solar 
cell applications. The obtained sample of Sr/ZnO was identified by using the different technique such as 
SEM, XRD UV-Vis spectroscopy.  
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