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CHAPTER IV 

PREPARATION AND CHARACTERIZATION OF GRAPHENE 

OXIDE / YTTRIUM OXIDE NANOCOMPOSITES FOR DYE 

SENSITIZED SOLAR CELL APPLICATIONS 

 

4.1 INTRODUCTION  

 The rapidly growing application for global energy has significantly promoted 

the development of photovoltaic technologies, which can convert clean and 

renewable solar energy into electrical energy [1]. Dye sensitized solar cells with 

natural dyes as sensitizer are pollution free and have simple fabrication procedures 

that have received great attention as an alternative to silicon – based DSSCs and 

synthetic dye solar cells. Among dye sensitized solar cell, counter electrode plays an 

important role in collection of electrons. Pt electrode is commonly used as a counter 

electrode for DSSCs but this high cost is main blockage for its use as a counter 

electrode in DSSCs. Graphene is a two-dimensional layer of carbon atoms with a 

hexagonal packed structure that is the newest member of the nano-carbon family [2]. 

Graphene-based nanocomposites show promise for a variety of potential applications, 

such as sensors, batteries, aerogel devices, supercapacitor, and solar cells. 

 Yttrium (yttria) oxide is one of the most stable metals and is white in colour. 

Yttrium oxide is one of the material for energy storage applications due to its 

chemical stability and good corrosion resistance. Hence, an attempt is being made to 

use graphene oxide/ yttrium oxide as a counter electrode material. The graphene 

oxide/yttrium oxide nanoparticles have high crystallinity and high phase purity. The 

calcination temperature also plays a vital role in improving the efficiency of the solar 

cell. Hence, this chapter focuses on the synthesis and characterization of graphene 

oxide/ yttrium oxide (5:1, 5:2, 5:3, 5:4 and 5:5) nanocomposites and these prepared 

nanocomposites can be used as counter electrode for dye sensitized solar cells [3,4] 
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4.2 MATERIALS AND EXPERIMENTAL   

4.2.1 Materials  

 Graphene oxide is prepared using modified Hummers‟ method. Sodium 

hydroxide (NaOH), yttrium hydroxide (Y(OH)3), yttrium oxide (Y2O3) are purchased 

from Sigma Aldrich and are used without further purification. 

4.2.2 Preparation of Yttrium Oxide nanocomposites 

 Yttrium oxide (Y2O3) is prepared by using chemical precipitation method. To 

synthesize Y2O3 nanocomposites, 1.5 g of yttrium nitrate are dispersed in 10 ml of 

distilled water and are kept under sonication for 1 hour at room temperature. 

Consequently, NaOH (0.3 M) is dissolved in 30 ml of distilled water and are added 

drop by drop into the solution until the pH reaches 13 and are stirred for 6 hours at 

50°C [5]. The colloidal mixture of Y(OH)3 (yttrium hydroxide) is centrifuged at 6000 

rpm for 15 min and the precipitate is washed several times with deionized water until 

the pH of supernatant solution reached the value of 7. The precipitate is then dried at 

80°C in air for 6 hours. The nanocomposites are annealed at 500°C for 3 hours in a 

muffle furnace to convert into the corresponding Y2O3 nanopowders [6]. 

4.2.3 Preparation of GO/Y2O3 nanocomposites 

  Graphene oxide (GO) are synthesized by modified Hummers method. 

Graphene oxide/Yttrium oxide (GO/Y2O3) nanocomposites are prepared by simple 

chemical precipitation method by taking 100 mg of GO in 60 ml of distilled water 

and yttrium oxide into the dispersed solution and are stirred for 7 hours at 60°C. This 

homogenous solution is kept undisturbed for 12 hours at room temperature [7]. The 

precipitated water is separated and washed with distilled water and ethanol. The 

precursor is dried at 80°C to obtain the GO/Y2O3 nanocomposites. 

4.2.4 Characterization Techniques 

The crystalline structure of the prepared GO/NiO nanocomposites is studied 

by X-ray diffraction using X‟PERT
3
 Panalytica diffractometer system. The FT-IR 

spectra are recorded for the presence of the functional groups in the nanocomposites 

using Shimadzu IR affinity-1. The morphology and the microstructure of the samples 
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are studied using Field Emission scanning electron microscopy (FESEM) using a 

Hitachi S3000H microscope and high resolution transmission electron microscopy 

(HR-TEM) using Jeol JEM 2100.  

4.3 RESULTS AND DISCUSSION 

4.3.1 XRD Analysis  

 

Figure 4.1 XRD images of (a) Y(OH)3, (b) Y2O3 (c-g) GO/ Y2O3 (5:1, 5:2, 5:3, 5:4 

and 5:5) nanocomposites   

             The XRD patterns of the prepared Y2O3 and GO/Y2O3 (5:1, 5:2, 5:3, 5:4 and 

5:5) nanocomposites are shown in the Figure 4.1. The diffraction peaks of Y(OH)3 

are observed at 2θ values of 9.38°, 19.5°, 30.01° and 51.2° corresponding to the 

(020), (100), (101) and (300) planes thereby confirming the formation of Y(OH)3 as 

shown in the Figure. 4.1(a) [8].  The yttrium hydroxide is transformed into yttrium 

oxide by annealing the formed Y(OH)3 at 700°C. It is observed from the Figure. 

4.1(b) that the diffraction peaks at 2θ values of 10.01°, 20.06°, 29.03°, 48.05° and 

57.06° are corresponding to the (020), (211), (222), (440) and (622) planes thereby 

confirming the formation of Y2O3, which is well matched with the JCPDS No. 24-

1422. The average crystallite size for yttrium oxide is found to be around 19 nm [9]. 

The diffraction peaks appeared at 2θ values of 10.38°, 29.05°, 47.7° and 57.48° 
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correspond to the (002), (222), (440) and (622) planes of Y2O3 as shown in the 

Figure4.1(c-g) which confirms the formation of GO/Y2O3 nanocomposites. It is 

observed that on doping of Y2O3 into the GO, the intensity of Y2O3 peaks gets 

increased and the crystallite size is found to be around 23 nm.  It is further observed 

that the intensity of the diffraction peaks corresponding to Y2O3 increases as the 

concentration increases from 5:1 to 5:5. The crystallite size of the prepared GO/Y2O3 

(5:1, 5:2, 5:3, 5:4 and 5:5) nanocomposites are found to be 23 nm, 25.2 nm, 26.92 

nm, 27.1 mm and 27.8 nm respectively [10]. The increase in the crystallite size may 

be due to the increase in the concentration of Y2O3 nanoparticles on the surface of 

Graphene oxide nanosheet. No impurity peaks are observed from XRD analysis and 

also further confirmed from EDAX analysis.   

4.3.2 FTIR Spectral Analysis  

 

Figure 4.2(a-d) FT-IR spectra of (a) Y2O3 (b-f) GO/Y2O3 (5:1, 5:2, 5:3, 5:4 

and 5:5) nanocomposites 

 FTIR measurement are employed to investigate the bonding interaction of 

prepared Y2O3 and GO/Y2O3nanocomosites. FT-IR spectra of the prepared yttrium 

oxide and GO/yttrium oxide (5:1, 5:2, 5:3, 5:4 and 5:5) nanocomposites are shown in 

the Figure 4.2 (a-f). The bands appeared at 615.1 cm
-1

 and 501 cm
-1

 are assigned to 

the stretching vibration of YO of Y2O3 nanocomposites as shows in the Figure 4.2 (a) 

It is observed from the Figure 4.2(b-f) that the yttrium oxide and  GO nanocomposites 
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have similarity in their curve shape, and further a new band observed at 1505 cm
-1

 of 

GOY confirms that the Y2O3 has successfully composited with GO/Y2O3 (5:1, 5:2 

5:3, 5:4 and 5:5). It is also observed from the Figure 4.2 (b-f) that the depth of the YO 

band at 501 cm
-1 

is gradually increased by increasing the concentration og Y2O3 from 

5:1 to 5:5, which also confirms the Yttrium oxide nanoparticles are gradually spread 

on the surface of graphene oxide nanosheets. This results also confirmed from 

FESEM analysis [11,12].  

4.3.3 Raman Spectroscopy  

 

Figure 4.3 (a-e) Raman analysis of (a) Y2O3, (b-f) GO/ Y2O3 (5:1, 5:2, 5:3, 5:4 

and 5:5) nanocomposites 

  Raman Spectroscopy is very useful to observe the structure and phase of 

materials. Figure 4.3 (a-e) shows that the Raman Scattering of GO, Y2O3 and GO/ 

Y2O3 (5:1, 5:2 5:3, 5:4 and 5:5) nanocomposites. The D band at 1352 cm
-1

 is due to 

structural disorders and defects, and the G band at 1594 cm
-1

 is corresponding to the 

sp
2
 vibration of Graphene [13]. Figure 4.3 (b) shows that the intense band of the Y2O3 

are located at 385 cm
-1

. Figure 4.3 (c-e) shows three noticeable peaks at around 386 

cm
-1

, 1356 cm
-1

 and 1597 cm
-1

 which   confirms the presence of GO and Y2O3 

nanocomposites. The intensity of Yttrium oxide peak is increased and peaks are 

shifted. This may due to the increase in the concentration of Yttrium oxide on the 

surface of graphene oxide nanosheet. 
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4.3.4 FE-SEM  

  Surface morphology of the prepared nanocomposites are studied by 

Field emission electron microscope (FESEM). FESEM images of the prepared 

nanocomposites Y2O3, and GO/ Y2O3 (5:1, 5:2, 5:3, 5:4 and 5:5) are shows in the 

Figure 4.4 (a-f).  Figure 4.4 (a) shows that the prepared Yttrium oxide 

nanoparticles has flake like structure. Figure 4.4 (b-f) showed that GO with 

different concentration of Y2O3 (5:1, 5:2, 5:3, 5:4 and 5:5) nanocomposites. It is 

observed that the number of Y2O3 nanoparticles on the surface of GO nanosheet 

is increased with increasing the concentration of Y2O3 nanoparticles [14,15]. 

Figure 4.4 (e) shows that the Graphene oxide nanosheet is rolled and this may 

due to the number of yttrium oxide nanoparticles on the surface of GO 

nanosheet. FESEM analysis confirmed that the Y2O3 nanoparticles are highly 

merged on the graphene oxide nanosheet.  

 
(a) 

 
                                    (b)                                                                (c)                                                              
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                       (d)                                                                (e) 

 
(f) 

 

Figure. 4.4 FESEM images of (a) Y2O3 (b-f) GO/Y2O3 (5:1, 5:2, 5:3, 5:4 and 5:5) 

nanocomposites 

 

4.3.5 EDAX Analysis  

 
(a)                                                          (b) 
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(c)                                                          (d) 

 
(e)                                                        (f) 

Figure 4.5 EDX spectra (a)Y2O3 (b-f) GO/Y2O3 (5:1, 5:2, 5:3, 5:4 and 5:5) 

nanocomposites  

The Energy Dispersive Spectroscopy analysis is used to determine the 

percentage and composite formation of prepared nanocomposites. The EDX spectra 

of Y2O3 and GO/ Y2O3 (5:1, 5:2, 5:3, 5:4 and 5:5) nanocomposites are shown in the 

Figure 4.5 (a-f). Figure 4.5 (a) confirms the presence of Y and O elements without 

any impurities. Figure 4.5 (b-f) shows the presence of C, O and Y that confirms the 

formation of GO/Y2O3 (5:1, 5:2, 5:3, 5:4 and 5:5) with the atomic percentage and 

weight percentage are given as inset table. Atomic percentage of Yttrium in GO 

nanosheet (5:1, 5:2, 5:3, 5:4 and 5:5) concentrations are 7.21%, 9.44%, 15.74%, 20% 

and 23%respectively [16]. It is confirmed from EDAX analysis that with increase in 

the concentration of yttrium oxide from 5:1 to 5:5, the number of Yttrium 

nanoparticles on the Graphene oxide surface increases, which could also be evidenced 

from FESEM analysis. 
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4.3.6 HR-TEM Analysis  

 
                                      (a)                                                          (b) 

 

 
(c) 

 

Figure 4.6 (a-c) HRTEM images of GO / Y2O3(5:4) nanocomposites 

 Figure 4.6 (a-c) shows that the HR-TEM images of GO/Y2O3(5:4) 

nanocomposites. Figure 4.6 (a-c) shows that the flake like shape of Yttrrium oxide 

nanoparticles is gradually distributed on the surface of GO nanosheet. The distributed 

yttrium oxide nanoparticles are homogeneous without any impurities. This HR-TEM 

analysis confirms the formation of GO/Y2O3 nanocomposites [17].  
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4.3.7 Selected Area Electron Diffraction analysis  

 

Figure 4.7 SAED image of Graphene oxide / Yttrium oxide (5:4) nanocomposites 

 

 The Selected area electron diffraction pattern (SAED) of the prepared 

nanocomposites GO/Y2O3 (5:4) is shows in the Figure 4.7. The SEAD results shows 

that the three discrete bright rings which indicates the successful formation of well 

crystalline natureY2O3nanoparticles on the surface of graphene oxide nanosheet [18]. 

Each rings corresponds to the (222), (440) and (622) planes of Yttrium oxide 

nanoparticles, which could also be corroborated by XRD analysis [19,20]. 

4.4 Conclusion  

           This chapter describes the Graphene oxide/ Yttrium oxide (5:1, 5:2, 5:3, 5:4 

and 5:5) nanocomposites are synthesized by simple chemical precipitation method. 

The XRD analysis confirms the presence of GO/ Y2O3(5:1,5:2, 5:3, 5:4 and 5:5) 

nanocomposites and crystallite size is found to be 23 nm, 25.2 nm, 26.92 nm, 27.1 

mm and 27.8 nm respectively. FESEM and HRTEM analysis confirms that the 

Yttrium oxide nanoparticles are evenly dispersed onto the surface of Graphene oxide 

nanosheet. EDAX analysis confirms the presence of Y, O and C elements without any 

impurities. The prepared nanocomposites can be used as a counter electrode for dye 

sensitized solar cell applications.   
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