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ABSTRACT: In times, researches square measure undergoing within the field of renewable energy. alternative energy 
is one in all them. several researchers had experimented with success over the development of soar cell potency and 
that they had fictional dye-synthesized cell (DSSC). during this project, we've got synthesized the ZnO nanoparticle 
and also the ready sample was characterised by Ultraviolet Spectra (UV) and Scanning microscope (SEM). Then the 
synthesized ZnO is coated over the cell because the second anti-reflective layer (ARL) to cut back the reflection of the 
incident daylight. The coating of second layer of ZnO reduces the bandgap of cell to a pair of.8.This will increase the 
potency of cell of concerning (2-5 %). 
.

I. INTRODUCTION 
 

1.1 Solar energy 
In today's climate of growing energy wants and increasing environmental concern, alternatives to the employment 

of non-renewable and polluting fossil fuels got to be investigated. One such various is alternative energy. Alternative 
energy is sort of merely the energy created directly by the sun and picked up elsewhere, unremarkably the world. The 
sun creates its energy through a nuclear method that converts concerning 650,000,0001 loads of chemical element to He 
each second. The method creates heat and nonparticulate radiation. The warmth remains within the sun and is 
instrumental in maintaining the fusion. The nonparticulate radiation (including visible radiation, infra-red light-weight, 
and ultra-violet radiation) streams out into area all told directions. 

Only a really little fraction of the overall radiation created reaches the world. The radiation that will reach the 
world is that the indirect supply of nearly each form of energy used these days. The exceptions square measure heat 
energy, and fission and fusion. Even fossil fuels owe their origins to the sun; they were once living plants and animals 
whose life was dependent upon the sun. a lot of of the world's needed energy are often equipped directly by alternative 
energy. Additional still are often provided indirectly. The utility of doing therefore are going to be examined, in addition 
because the advantages and disadvantages. Additionally, the uses alternative energy is presently applied to are going to 
be noted. 

 
1.1 Anti Reflective coating 
 Bare chemical element incorporates a high surface reflection of over half-hour. The reflection is reduced by 
texturing  and by applying anti-reflection coatings (ARC) to the surface. Anti-reflection coatings on star cells ar the 
same as used on different optical instrumentation like camera lenses. They contains a skinny laye r of insulator 
material, with a specially chosen thickness so interference effects within the coating cause the wave mirrored from the 
anti-reflection coating high surface to be out of part with the wave mirrored from the semiconductor surfaces. These 
out-of-phase mirrored waves destructively interfere with each other, leading to zero web mirrored energy 
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II. SELECTION OF MATERIAL 
 
2.1 Zinc Oxide (ZnO) : 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2.1 Structure of Zinc Oxide 
 

 Zinc oxide is Associate in Nursing chemical compound with the formula ZnO .ZnO could be a white powder 
that's insoluble in water, Associate in Nursingd it's wide used as an additive in various materials and product together 
with rubbers, plastics, ceramics, glass, cement, lubricants, paints, ointments, adhesives, sealants, pigments, foods , 
batteries, ferrites, hearth retardants, and first-aid tapes. It happens naturally because the mineral zincite , however most 
oxide is made synthetically. ZnO could be a wide-bandgap semiconductor of the II-VI semiconductor cluster. The 
native doping of the semiconductor owing to atomic number 8 vacancies or atomic number 30 interstitials is n-type. 
This semiconductor has many favorable properties, together with smart transparency,  mobility , wide bandgap , and 
powerful room-temperature luminescence . Those properties area unit valuable in rising applications for: clear 
electrodes in liquid displays , energy-saving or heat-protecting windows, and physics as thin-film transistors. 
 
2.1.1 Properties: Table 
2.2 Properties of Zinc oxide: 

PROPERTIES 
Chemical formula ZnO 
Molar mass 81.38 g/mol 
Appearance White Solid 
Meting point 1,975 °C (3,587 °F; 2,248 

K) 
(decomposes) 

Boiling point 1,975 °C (3,587 °F; 2,248 
K) 
(decomposes) 

Solubility in water 0.0004 % (17.8 °C) 
Band gap 3.3 eV 
Refractive index(nD) 2.0041 
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aq medium 
   Na+OH- 
   H+OH- 

 

 

 

2.3 CHARACTERIZATION 
2.3.1 X-ray diffraction analysis: 
 The crystal structure of the as-prepared and mold samples was examined by powder X-ray diffractometer 
(X’Pert professional, PAN-alytical, the Netherlands). X-ray diffraction (XRD) patterns were obtained exploitation Cuk 
α as a radiation (λ = one.5405˚A) supply by applying a continuing current and voltage, severally, thirty m A and forty 
kV, within the scan vary 10–80° [16]. 
2.3.2 Microscope studies: 
 
 The morphology, microstructure, and composition of the pre-pared samples were measured victimization 
scanning negatron microscope(SEM) in addition to energy-dispersive X-ray analysis (EDX) (JSM5300; JEOL, Japan). 
The ready sample (1 µg) was soiled on the conducting adhesive carbon tape fastened on a brass stub of13 millimeter 
dimension. Then, the sample was subjected to gold coating (approximate thickness of 5–10 nm) for 30–60 s by 
applying a twenty m A current to the target by employing a tube sputter [17] 
 
.2.3.3 UV spectrum: 
Optical properties of the mixture nanoparticle resolution were analyzed employing a ultraviolet light photometer 
(Lambda 35; PerkinElmer).The samples were distributed in resolution with variable dilution and placed in an 
exceedingly 1-cm sq. quartz cuvette for analysis at temperature [16].  
 

III. SYNTHESIS OF MATERIAL 
 

 Nanotechnology becomes much more popular nowadays. Scientists believe that by engineering material 
size into nanoscale, there will be an enhancement on properties of the material. In many literatures, it can also be 
learned that nano ZnO offers better performance compared to that of in bulk size. There have been many methods to 
synthesize nano ZnO. Some of the widely used methods are, for instance, Chemical vapor deposition (CVD),  
mechanical alloying. Those methods have their own advantages and disadvantages. For example, CVD and dip coating, 
they can produce nano ZnO with high purity, however high growth temperature is needed in their system. Also, the 
preparation scheme is quite complex and can be very method where it can synthesize nano ZnO in relatively simple 
manner . Nevertheless, to date, there has been no reports on mechanical alloying method that can yield pure nano ZnO. 
Another possible method is sol-gel method. The good thing about this method is that, it is relatively simple and cheap 
in process, and it does not need to be treated in high growth temperature. However, to date, there is still a little 
knowledge on the effect of pH variation on sol-gel working solution, also whether high purity of nano ZnO can be 
achieved by this method. In this research, nano ZnO was synthesized by sol-gel method, in an attempt to find the 
optimum condition to produce single crystal ZnO with relatively small size. The pH condition would be varied for this 
optimization process. 
 
  Zn(CH3COO)2.2H2O   
 
            Zn(OH)2     
 
 
 
                     (Zn[OH]4)2-  +  Na+ 

               (Zn[OH]4)2-                  
  
                                      
 Zinc acetate dehydrate (Zn(CH2COO)2·2H2O) (ZAD),distilled water, Sodium hydroxide (NaOH),were used as starting 
material, solvent and stabilizer, respectively. The mixture was confected to 0.1mol for 100ml and stirred magnetically. 
After stirring for 30 minutes at 60˚C, Sodium hydroxide was added drop by drop under constant stirring. The resultant 
solution was stirred for 30 minutes to yield a colorless, homogeneous and transparent solution. 
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Fig 3.4: Synthesis of Zinc Oxide 

 
IV. RESULT AND DISCUSSION 

 
4.1 Material Morphology: 

 
 The synthesized ZnO nanoparticles ar characterised by radical violet spectra (UV) and Scanning microscope 
(SEM) with EDAX. 
The surface morphology of sample examined through SEM image is shown in fig four.1. The SEM image of pure ZnO 
(fig4.1 a) illustrates that no surface gaps ar fashioned though it's composed of interconnected spheric nanoparticles with 
a mean grain size of ∼110 nm with slight activity. The discovered SEM results(Fig. 4.1a,4.1b) indicate that ZnO 
nanoparticles haven't any result on the morphology. Fig.4.2 shows the EDAX spectra of the ready samples whereas the 
fundamental microanalysis of the anion-doped materials is summarized within the inserted table. The discovered  
EDAX spectra make sure the purity of pure ZnO nanoparticles also because the absence of residuals shown in   fig4.2. 
Further, the EDX spectra make sure the presence of components, namely Zn, O2 and little quantity of carbon  as, 
shown in fig4.2.The actinic radiation absorption spectra discovered for Zno is shown in fig four.3. As mentioned in fig 
four.3 the absorption spectra of pure Zno nanoparticle show a peak precisely within the vary below four hundred, that is 
active solely beneath the actinic radiation region.  
 The discovered SEM result (fig four.1a, 4.1 b) shows that the synthesized ZnO nanoparticle has flower like 
structure and also the peaks (fig four.2) within the SEM result confirms the crystalline nature of the ZnO nanoparticle. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4.1(a) SEM image of ZnO at 300nm 
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Fig 4.1(b) SEM image of ZnO at 200nm 
 
 
    
 
 
 
 
 
 
 
 
 
 
 

Fig 4.2 SEM and EDAX image of ZnO nanoparticle 
 

4.2 Bandgap calculation: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4.3 Ultraviolet spectra of ZnO 
 

In the above figure 4.3, the peak  ofZnO is below 400. The slope for the above peak graph cuts the X-axis at ~440 nm. 
The slope for the absorbance and wavelength of ZnO is 440nm. The band gap (Eg) is calculated by using the equation 
 Eg  =hc/λ 
where 
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h is planks constant 
c is velocity of light in air 
λ is wavelength  
h= 6.626×10-34 Js 
c= 3×108  m/s 
λ= 440 nm 
Eg =     6.626×10-34×3×108   / 440×10-9 

 
Eg=   4.517×10-19 J 
 
1 eV= 1.602×10-19J 
 
Eg= 2.818 eV 
 
 The measured value of  bandgap energy for pure ZnO is calculated above. This  in turn enhances the 
performance of solar cells and photocatalysts as well as increases the absorbance of  visible light .A decrease in the 
bandgap value is noticed (i.e., 2.8 eV) when the ZnO nanoparticle is synthesized. As a result, the absorption of light in 
the visible region takes place. 
 
4.3 Efficiency graph: 
4.3.1 Dip coating: 
 In dip coating method the solar cell has been nano coated with zinc oxide to increase the efficiency. This 
increases the ability of the nano coated solar cell to absorb the sunlight by reducing the reflection of the sunlight. The 
fig 4.4 shows the variation of voltage with respect to time by the solar cell between coated and non coated cell.  
We have plotted the graph between the voltage and time for the 5v commercial solar cell of about 7 hours in the 
sunlight. The observed graph shows that there is an increase in power output voltage of about 3.27%. There is the slight 
increase in the output voltage, this is due to the second layer of dip coated ZnO  nanoparticles. As the bandgap of the 
synthesized ZnO (2.8) which is slightly lower than the bulk sized ZnO (3.3), this layer reduces the reflection of the 
incident sunlight to a considerable amount and also increases the absorbtion of sunlight. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
                                                               

Fig 4.4 dip coating 
4.3.2 RF Sputtering: 

  RF sputtering technique is a lot of appropriate to coat the synthesized ZnO nanoparticles over the photovoltaic 
cell. Sputtering technique coats the ZnO a lot of uniformly than the dip coating. Sputtering technique will  be done 
solely on little sized star cells. Our 5V industrial photovoltaic cell is just too massive for this sputtering technique, 
therefore we've done this experiment on the 2V industrial photovoltaic cell. 
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Fig 4.5 RF sputtering 
 

V.  CONCLUSION 
 

In this project we have synthesized the ZnO nanoparticles by sol-gel method. The structural and 
morphological characteristics of the material were investigated. The synthesized ZnO nanoparticle has coated over the 
solar cell by dip coating and RF sputtering methods. The coating over the solar cell increases the efficiency of the solar 
cell of about 3.7% and 22% respectively. 
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