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Abstract 
 
Magnetite nanoparticles with spinal cubic structure have been prepared by 

co-precipitation technique under inert atmosphere.These Fe3O4 nanoparticles 

pure phase was checked by X-ray diffraction. Spherical particle with sizes of 

around 7.4 nm to 15.2 nm were found using transmission electron 
microscope. The light absorption of these magnetic fluid nanoparticles has 

been investigated with applied magnetic field. From absorption the direct 

band gap energy were calculated and found to increase with increasing 
applied magnetic field for both 7.4 nm and 10.3 nm Fe3O4 nanoparticles. But 

quit different behavior of band gap energy observed with magnetic field in 

15.2 nm particles. The particle size and microstructures changes are 
responsible for varying direct band gap with magnetic field. In addition, the 

field dependent magnetization curves reveal superparamagnetic behavior of 

these Fe3O4 nanoparticles and a significant decrease in magnetization. This 

result is attribute to the small particle size effect since a random canting of 
spin arrangement. 
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1 Introduction 

 
Recently, the superparamagnetic nanoparticles have been attracted 

because of biomedical applications [1, 2]. The physical properties of 

nanoparticles behave differently compare to that of the bulk counterpart, 
these depend mostly on the size, morphology as well as external magnetic 

field. The magneto optic device depends on combined magnetic and optical 

properties, which has been considerable interest [3, 4]. The optical 

transmission phenomenon is controlled with applied magnetic field [5-7]. 
The varying structural pattern with magnetic field is ascribed to the 

modulated optical transmission. With increasing particle size the electron 

microscopy (cryogenic) patterns shown a dispersed particle to randomly 
arranged linear aggregates [8]. However, size, concentrations and the 

thickness of their surfactant layer is significant effect on magnetic fluid 

microstructures. In this paper, we synthesize magnetite nanoparticles and the 
effect of magnetic field on optical band gap as well as magnetic behavior of 

Fe3O4 magnetic fluid nanoparticles has been investigated. Interestingly, these 

studies reveal that the optical band gap of 7.4 nm and 10.3 nm Fe3O4 

nanoparticles was found to be increase with magnetic field whereas higher 
particle size of 15.2 nm exhibit different behavior. The sizes of particle and 

microstructures changes as well as the applied magnetic field are responsible 

for observed significant field dependent band gap. 
 

2 Experimental 
  

The Fe3O4 nanoparticles were prepared using co-precipitation method 

under inert atmosphere. Fe3O4 nanoparticles size were depends on pH value 

of co-precipitation method [9]. The source of iron solution was prepared by 
dissolving 2:1 ratio of FeCl3. 6H2O and FeCl2. 4H2O in deoxygenated water. 

The NaOH (1 M) solution is added into the iron source under the protection 

of N2 gas, a various pH value of 8, 10, and 12 were obtained. The black 
precipitate was formed which is isolated with magnetic field, and the 

supernatant was removed. These precipitates were washed several times, to 

neutralize the anionic charges with dilute acid (0.01 M HCl) was added. 

Oleic acid coating was carried out and dispersed in kerosene. For making 
magnetic fluid film, the magnetic fluid drop is inserted into a various (10 to 

electromagnet. The optical absorption with function of wave lengths (450 nm 
to 750 nm) and various fixed fields for all the films. The structural 

characterization of the as prepared Fe3O4 nanoparticles was checked by room 

temperature powder X-ray diffraction (XRD). Using the transmission 

electron microscope (TEM), the size, shape and morphology of particles 
were measured.  
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The optical absorption spectra of the Fe3O4 nanoparticle with different 

particle sizes were measured by using a spectrophotometer (Hitachi). 

 

3 Results and discussion 
 

The powder XRD patterns of Fe3O4 particles are shown in Fig. 1. The 
spinal cubic structure of these nanoparticles were confirmed. Using Scherrer 

relation the average crystallite sizes were found to be 7.4, 10.3 and 15.2 nm.  

 
   Figure 1: X-ray powder diffraction patterns for the as precipitated nanoparticles 

The typical TEM images and inset a microscope photo of magnetic fluid 

nanoparticles are shown in Fig. 2 for particle prepared at pH = 8 and pH = 

12. The TEM images revealed spherical morphology with different sizes. 
The TEM particle diameters are slightly larger than that of the XRD 

crystallite size. 

              
Figure 2: TEM micrographs of Fe3O4 nanoparticles (a) 7.4 nm and (b) 15.2 nm. 

Insets are corresponding. 
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 The absorption coefficient (µ) in zero magnetic field versus wavelength 

for all particles of 10-µm film thickness as depicted in Fig. 3. The absorption 

coefficient increases with particles size as the wavelength decreases. Similar 
result were observed for all the film thicknesses. 

 
Figure 3: The variation of the optical absorption as a function of wavelength for all 

Fe3O4 particles 

  As shown in Fig. 4(a), the value of absorption decreases with film 

thickness increases (10 to 500 µm) for size of 7.4 nm particles. This result 

ascribed to the increasing of the traveling path of light through films [10]. 
The absorption coefficient (µ) obeys the Tauc equation:  

                               αhν= A (hν - Eg)
1/2

  

Where α is the absorption coefficient, A is a constant, h is Planck's 
constant, ν is the photon frequency and Eg is the energy . Fig. 4(b) show the 

absorption coefficient as a function of the photon energy (hν) in a zero 

magnetic field for different film thickness with 7.4 nm particles.             

    
Figure 4(a): The optical absorption versus wavelength at different film thickness for 

7.4 nm Fe3O4 particles. (b) Absorption coefficient as a function of the photon energy 

(hν) in a zero magnetic field for different film thickness of 7.4 nm. 
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 Figure 5(a) shows the wavelength dependent absorption coefficient in a 

zero magnetic field for 10 µm, 100 µm, and 500 µm film thickness with 

particle size of 15.2 nm. For 10 µm films with 15.2 nm particle size the 
behavior is quite different. For increasing film thickness (figure 5 (b)), the 

absorption coefficient value decreases with increasing photon energy.  

 

 
Figure 5(a): The variation of the optical absorption as a function of wavelength at 

different film thickness for 15.2 nm Fe3O4 particles. (b) Absorption coefficient as a 

function of the photon energy (hν) in a zero magnetic field for different film 

thickness with particle size of 15.2 nm. 

 

For clear understanding, the absorption coefficient value versus 
wavelength for typical particles of 7.4 nm was depicted in figure 6.  

 

 
Figure 6: The wave length dependent optical absorption at different perpendicular 

magnetic fields for as prepared Fe3O4 

Solid red curves are Tauc equation fitting. 
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The typical variation of band gap wtih field is varying differently for 

10-µm depth film (Fig.7). For a given thickness of film, band gap enhances 

with applied field for the films (10.3 and 7.4 nm size), whereas the films with 
15.2 nm particles size shows quite different behavior. As the particle size 

reaches the nano scale the number of overlapping of orbitals (energy level) 

decreases and narrow the band width, which increase in energy gap between 
the valence and conduction bands. This enlightens the enhanced energy gap 

in nanoparticles than the corresponding bulk. The larger forbidden region, the 

restriction of the electrons movement is greater. Hence the nanoparticles 
show the lower electrical conductivity, which shift absorption toward lower 

wave length side.  

 

 
Figure 7: The magnetic field dependent direct band gap for different Fe3O4 

 

 

Moreover, the absorption coefficient value is direct indication of the 

structures formed in the fluid. It reveals that these structures are sensitive to 

particle size. The variation of the absorption coefficient is directly 
proportional to the amount of light absorbed. To understand these different 

behavior, their microscopic pictures (inset of Figure 2) were made. The 

typical microscope pictures 100 µm magnetic fluid films with perpendicular 
applied fields with 7.4 nm and 15.2 nm size particles (inset of Figure 2). At 

H = 0, the separate droplets randomly spread in films of 7.4 nm were 

observed (inset of Figure 2(a)). Moreover, strait lines are formed in 15.2 nm 

films (Figure 2(b)). These results are consistent with reported ferrofluid at 
zero field [8]. The van der Waals force prevails in lower particle magnetic 

films. Whereas the dipolar forces are induce chain formation in 15.2 nm 

films.
 
This zero filed different microstructures were also observed with 

magnetic fields.  
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For 7.4 nm and 10.3 nm size of particle films, under magnetic field the 

randomly distributed separate droplets start to form clusters. At low fields 

band gap decreases due to the decreasing of scatterers and the cross section. 
These clusters become tightly packed at H > 30 Oe and hence the saturated 

band gap. In contrast, 15.2 nm particle films the linear chain structures align 

ordered clusters with applied magnetic field due to lateral aggregation. This 

will induce particle aligned as thick sheets due to shape fluctuations in 
parallel chains. Which give rise to perpendicular chain–chain interaction to 

the field direction. Thus the number of scatterers and the cross section 

increases with field and the band gap decreases. The size dependent 
aggregation abilities of these nanoparticles are responsible for this unusual 

behavior.  

Magnetic hysteresis curves for the as prepared all Fe3O4 nanoparticles at 
room temperature are shown in Fig. 8. As prepared Fe3O4 nanoparticles show 

symmetric hysteresis with reduced magnetization compared to the bulk 

magnetite. This is because that the diameter of nanoparticles are smaller with 

that of critical threshold of Fe3O4 (25 nm). The saturation magnetization of 
nanoparticles found to be 48.08 emu/g (7.4 nm), 57.52 emu/g (10.3 nm), and 

67.27 emu/g (15.2 nm), which is lower than the bulk Fe3O4 value of 90 

emu/g . This significant decrease in magnetization is a particle size effect. A 
random canting of spin arrangement at the surface, cause antiferromagnetic 

exchange interactions between particles, results in the reduction of magnetic 

moment .    

 
Figure 8: The magnetic field dependent magnetization at room temperature for three 

different particle sizes. 

 

4 Conclusions 
  

We have investigated the wavelength dependent optical absorption of 

light through Fe3O4 nanoparticles with magnetic field. The optical band gap 

increases with magnetic field for corresponding film thickness. The observed 
significant field dependent band gap is due to the different microstructure 

patterns under the magnetic fields.  
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In addition, a significant decrease in magnetization and 

superparamagnetic behavior of these nanoparticles is attribute to the nano 

size effect.   
 

Acknowledgements 
 

The Authors greatly thankful for the support from the management of 

Koneru Lakshmaiah Education Foundation (KLEF), This work is partially 

supported by the Department of Science and Technology (DST) No: 
SR/WOS-A/PM-39/2017 and Science & Engineering Research Board 

(SERB), Government of India, New Delhi, No: ECR/2016/001647. 
 

References 
 
[1]B. Bonnemain, “Drug Targeting Superparamagnetic Agents in Magnetic 

Resonance Imaging: Physicochemical Characteristics and Clinical 

Applications A Review”, Vol. 6, No. 3. pp. 167-174 ,1998. 

[2]U. Hafeli, W. Schutt, J. Teller, M. Zborowski, “Scientific and Clinic 
Applications of Magnetic Carriers”, Plenum Press, New York, 1997. 

[3]W. Luo, T. Du, J. Huang, “Novel Convective Instabilities in a Magnetic 

Fluid”, Phys. Rev. Lett., Vol 82, pp.4134-4137, 1999. 
[4]J. W. Seo, S. J. Park, K. O. Jang, J, “An experimental study of light 

modulator using magnetic fluid”,  Appl. Phys., vol. 85, pp.5956-5958,  

1999. 

[5]J. E. Martin, K. M. Hill, C. P. Tigges, “Magnetic-field-induced optical 
transmittance in colloidal suspensions”, Phys. Rev., vol. 59, pp. 5676-

5692 , 1999. 

[6]K. T. Wu, Y. D. Yao, et,al., “Dynamic structure study of Fe3O4 ferrofluid 
emulsion in magnetic”,  Journal of Magnetism and Magnetic Materials, 

Vol. 201, pp.186 -190, 1999. 

[7]K. T. Wu, Y. D. Yao, T. C. Wu, “Transmittance and dynamic properties 

of Fe3O4 ferrofluid emulsion in hexanes and oleic acid”, Physica B, Vol. 
327, pp.319 -323, 2003. 

[8]K. Butter, P. H. Bomans, P. M. Frederik, G. J. Vroege, A. P. Pilipse, 

“Direct observation of dipolar chains in iron ferrofluids by cryogenic 
electron microscopy Nature Material”, Vol 2, pp. 88-91, 2003. 

[9]G. Narsinga Rao, Y. D. Yao, Y. L. Chen, K. T. Wu, J. W. Chen, “Particle 

size and magnetic field-induced optical properties of magnetic fluid 
nanoparticles”, Phys. Rev. E., vol. 72, pp.031408-1– 6, 2005. 

[10]H. E. Horng, S. Y. Yang, W. S. Tse, H. C. Yang, W. Luo, C. Y. Hong, J. 

Mag. Mag. , “Study on magnetic fluid optical fiber devices for optical 

logic operations by characteristics of superparamagnetic nanoparticles 
and magnetic fluids Mater”, Journal of Nanoparticle Research, Vol. 252, 

pp.104-108, 2002. 



                                                                                                                  
 

 

 
 

 
Magnetic Field Induced Band Gap and Magnetic Properties of Fe3O4 

Nanoparticles 5476 

 

Biographies 

 
Balakrishnan C  registered as Ph.D scholar  in Department of Chemistry 

Koneru Lakshmaiah deemed to be university, Vijayawada, Andhra Pradesh 

520 002. I am having about 19 years of experience in the field of analytical 
research and development in pharmaceutical industries. 

 
Chennamananeni Hemalatha working as an Associate Professor in Marri 
Laxman Reddy Institute of Technology and Management.I have 25 years of 

Teachning Experience in various Engineering colleges. 

 

K.R.S.Prasad is Presently a professor in Department of Chemistry and Deen 

of Student Affairs Koneru Lakshmaiah deemed to be university, Vijayawada, 
Andhra Pradesh 520 002. During  22 years of academic career, he has made 

outstanding contribution in the research and  Developments. 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

5477 Balakrishnan Chinnu et.al 

 

 

G. Narsinga Rao is presently a Professor in the Physics department and 
Dean, Research & Development at MLRITM. He obtained his M.Sc. (1988) 

and Ph. D. (1994) from Osmania University, Hyderabad, India. During his 26 

years of academic career, he has made outstanding contribution in the 
research of experimental condensed matter physics. 

 

K.Suresh babu working as  Professor in Marri Laxman Reddy Institute of 
Technology and Management. During  17 years of Teachning Experience in 

various Engineering colleges, and Chemical Industries 

 

 

 

  

 


