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Abstract:  

 

Yttrium (Y) - doped Gadolinium Iron Garnet (GIG) nanoparticles synthesized by sol-

gel auto-combustion technique. As synthesized sample was characterized by using X-ray 

diffraction (XRD), field emission electron scanning microscope (FESEM). XRD pattern of 

the sample confirms the single phase garnet-cubic-spinel of iron garnet crystal structure. The 

crystallite size, lattice constant, x-ray density, and bulk density of GIG sample was 

investigated from XRD analysis. The significant impact of Y on structural parameters of 

Gadolinium iron garnet (GIG) nano-particles. FESEM image shows the prepared sample has 

nanostructures. FTIR result exhibit that the number of defects, which has significant 

influence on the magnetic properties. VSM analysis shows the Y-doped GIG nanoparticles 

have room temperature paramagnetic nature.  
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1. Introduction  

  

Gadolinium iron oxide has significant magnetic, magneto-optic, and sensing 

capabilities, making it a member of a very important class of materials [1-5]. Its magneto-

optic characteristics, gas sensing potential, and potential use in bubble-domain memory 

systems have all been investigated for GdFeO3. The ferrimagnetic nature of the garnet 

Gd3Fe5O12 has been extensively researched due to its unique magnetic and magneto-optical 

characteristics. 

 

The magnetic interactions in Gd3Fe5O12 are important in this context because of the 

relationship between the Fe and Gd sublattices. For instance, Phan et al. found that a spin 

disorder on the surface of Gd3Fe5O12 nanoparticles caused an increase in MCE when their 

size was decreased [6]. Ga-doped garnet, Gd3Fe5O12, was thought to exhibit significant MCE 

due to geometrical-magnetic frustration by Zhitomirsky [7]. The electrical and magnetic 

characteristics of garnet can be altered by altering the elements in each of the three lattice 

locations [8, 9].  

 

Numerous techniques have been employed recently to prepare rare earth iron oxides, 

including sol–gel synthesis [10–11], co-precipitation [12–14], hydrothermal synthesis 

[15,16], and solid-state reaction [17, 18]. Since magnetic powders might exhibit unique 

magnetic properties, the synthesis process is important for their creation. Because of its 

improved homogeneity, lower synthesis temperatures, and adjustable product qualities, the 

sol-gel synthesis process is the most appealing of them all. Additionally, the experimental 

procedure is straightforward and simple to use. This paper describes the synthesis of Y-doped 

GIG nanoparticles using a straightforward sol–gel method. In the meantime, a thorough 

investigation was conducted into their components, microstructures, and magnetic 

characteristics. 

 

 

2. Experimental details 

 

2.1.        Materials 

 

Yttrium substituted GIG (Gd3-xYxFe5O12; x = 0.5) was synthesized by sol-gel route. AR 

grades (Sigma Aldrich) Gadolinium (III) nitrate hexahydrate [Gd(NO3)3.6H2O], Yttrium(III) 

nitrate hexahydrate[Y(NO3)3·6H2O], Ferric (III) nitrate nanohydrate [Fe(NO3)3.9H2O], Citric 

acid monohydrate [C6H8O7.H2O], and ammonium hydroxide were used as starting chemicals. 

2.2. Sample preparation 

 

The Y-doped GIG precursor solution was created by weighing each nitrate in 100 

milliliters of distilled water. After mixing this solution with a magnetic stirrer until it 

dissolved, it was heated to 90°C until a gel formed. While the sample was being mixed, its 

pH value remained at 7. After the gel had formed, the solution was heated to 200°C to ignite 
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the gel and turn it into ash. Samples were sintered at 1200°C for 10 hours after this ash was 

crushed for one hour. The material was ground for two hours once more in order to perform 

the characterizations. 

 

2.3. Characterization  

 

X-ray diffractometer (XRD) was used to study strucutral properties of prepared sample. 

The morphology of the sample was observed by high resolution transmission electron 

microscopy (HR-TEM, Philips CM-200) and field emission scanning electron microscopy 

(FE-SEM). The energy-dispersive X-ray spectroscope (EDS) was used to confirm the 

elemental composition in the sample. The magnetic properties were studied by using 

vibrating sample magnetometer (VSM) applying magnetic field of 15 kOe.  

 

3. Results and discussions  

 

The XRD patterns of the produced Y-doped GIG powder is displayed in Fig. 1(a). The crystal 

nature of the as-burnt GIG nanoparticles is revealed by the XRD patterns. XRD patterns 

confirm that Y-doped sample has a single garnet phase with Ia-3d symmetry. The planes that 

were obtained match the standard pattern (ICDD: 01-081-0131) for GIG. These planes are 

(321), (400), (420), (332), (422), (521), (532), (444), (640), (642), (800), (840), (842), and 

(644). The lattice parameter (a) is calculated by using the relation [19]: 

 

        (1) 

 

Where (h k l) are miller indices, λ is the wavelength of X-ray (CuKα1), θ is the angle of 

diffraction of the (h k l) peaks. The calculated value of lattice parameter is found to be 

12.3004 Å.  The average crystallite size (t) was determined using the Scherrer formula [20]: 

          

                      (2) 

 

Where λ is the wavelength of CuKα radiation (λ=1.5406Å), β is the full width at half 

maximum (FWHM) and θ is the Bragg diffraction angle. The value of average crystallite size 

is 22.18 nm with the composition of Y in GIG. The range of crystallite size indicates that the 

sample is formed in nanocrystalline form. The volume of unit cell was found to be 1861.06 

(Å)3. The values of x-ray density and bulk density of Y-doped GIG sample are 6.4870 and 

3.0892 respectively.  
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Fig. 1: XRD pattern of Gd3-xYxFe5O12 (x = 0.5). 

 

Fig. 2 shows SEM image of the Y doped sample GIG nanoparticles. The micrograph shows a 

similar format for the compounds; rounded irregular form. However, the Y-doped GIG 

sample have more porous with spherical like shape and big sized. The pore network would be 

useful in reducing the interactions between the nanoparticles, which would be of major 

significance for spintronics devices based on the previous results. 

  

 

Fig. 2. SEM image for GIG doped with Y. 

 

The FT-IR spectra of the produced Gd3-xYxFe5O12 sample is displayed in Fig. 3. The FT-IR 

spectra of the Y-doped sample as synthesized show a few absorption peaks. A sharp 

absorption peaking at 541 cm−1 appears, and it is identified to the characteristic band of M-O 

(M = Y, Fe, Gd) stretching vibration mode [21]. 
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Fig. 3. FT-IR spectra of prepared Gd3-xYxFe5O12 sample. 

 

The magnetization curve at room temperature is shown in Fig. 4. The sample exhibits small 

hysteresis loops, which are a feature of soft magnetic materials, and low fields result in 

saturation magnetization (Ms). The prepared Y-doped gadolinium iron garnet (GIG) nano-

particles show a soft magnetic behaviour. The enhancement in the saturation magnetization at 

room temperature is due to the enhanced surface area and porous materials. Furthermore, the 

anti-parallel coupling between two magnetic sub-lattices (octahedral (a sites) and tetrahedral 

(d-sites)) is known to be the cause of the total magnetic moment in GIG [22]. By decreasing 

the antiferromagnetic coupling from the Fe ions in the octahedral lattices, the substitution of 

Fe/Y in the a-sites raises the global magnetic moment and aids in a local magnetic moment 

rise.  
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Fig. 4. Hysteresis loops of Gd3-xYxFe5O12 sample. 
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4. Conclusions 

Y-doped GIG nanocrystalline sample was prepared using by auto-combustion sol-gel 

method. XRD pattern exhibited single phase garnet-cubic-spinel of iron garnet crystal 

structure. The crystallite size of prepared samples was found to be 22.18 nm with doping of 

Y. The Y-doped GIG sample exhibited spherical shape, and composed of continuous porous 

network structure. Meanwhile, the prepared samples had big-size and agglomeration feature. 

The samples presented as paramagnetic feature due to the contribution of Y3+ paramagnetic.     
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