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A B S T R A C T  A R T I C L E I N F O 
In this study, γ-Fe2O3 were synthesis by a chemical route at room temperature in 

the presence of a capping agent and without a capping agent. The capping agent 

used for covering Fe2O3 was tri-sodium citrate, the absorption spectra obtained by 

UV–Vis spectrophotometer in the wavelength range of 200 -800 nm. From this, it 

found that the optical band gap transitions of the γ-Fe2O3 nanoparticles in the 

absence of tri sodium citrate as 3.00 eV and with the present tri sodium citrate 

capped iron oxide as 2.28 eV. The sizes estimated utilizing observed band gaps data 

were in the range of 1.37 nm and 1.41 nm respectively the average sizes found to be 

increased as the band gap declined because of the quantum size effect 
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Introduction 

Nanomaterials have attracted extensive attention in many 

applications during the last decade because of their unique 

perspective properties compared to their bulk materials. The 

exceptional properties of  Nano scale materials are caused 

by varieties in the band structure with the decrease in 

particle radius (Chakrabart et al.,2004; Fang and 

Zhang,2006., Fang et al.,2008; Olson and Zhang,2008; Fang 

et al.,2008; Wang et al.,2009). Magnetic nanoscale materials 

are the most important materials and have been extensively 

studied because of their technological scientific importance. 

Among the most common forms of magnetic nanoparticles 

are Maghemite (γ-Fe2O3) is a semiconductor with a band 

gap of 2.0 eV (Zhu et al.,2013). which is the most 

historically interesting iron oxides because of their chemical 

stability, biocompatibility, and heating ability (Sun et 

al.,2004). Gamma Fe2O3 has been found in nature as 

maghemite and has attracted attention and especially 

interesting in biomedical applications because of their 

biocompatibility and low toxicity in the human body 

(Hasany et al.,2012; Tartaj et al.,2005) and for potential 

applications, such as pigment, recording materials, photo 

catalysis, ferrofluid technology, medical diagnostic and 

advanced maghemite materials (Anton et al.,1990; Chhabra 

et al.,1996; Kang et al.,1996; Caruso et al.,2001; Woo et al 

.,2003; Das and Saha,2012). Ɣ-Iron oxide is ferromagnetic, 

and its magnetic moment is 430 emu/cc at room temperature 

(Skomski and Coey,1999), their magnetic moments are 

oriented in opposite directions on tetra and octahedral 

(crespo et al.2010). Ɣ-Fe2O3, a typical ferromagnetic 

mineral (oliveira etal.2013) is thermally unstable and is 

changed at higher temperatures to hematite (α-Fe2O3) (Bacri 

et al.,1986). Several suitable methods have been developed 

for the creation of maghemite nanoparticles, including co-

precipitation (Bacri et al.,1986) microemulsion (Hyeon et 

al., 2001) electrochemical and hydrothermal synthesis 

(Pasricha et al .,2006; Basly et al.,2010; Chen and Xu,1998; 

Sreeja and Joy,2007), sol-gel preparation (Chakrabarti et 

al.,2004; Casas et al.,2002) 

 

Experimental 

Citrate-capped γ-Fe2O3 nanocrystals were prepared by Ngo 

and Pileni with some modification (Ngo and Pileni,,2001 

Rao .CN et al; 2005) In a typical preparation, to a 50-mL 

aqueous solution containing 1.96 g of ferrous ammonium 

sulfate and 2.78 g of sodium dodecyl sulphate, 40 mL of 

40% aqueous solution of dimethylamine was added under 

vigorous stirring. The brown-black precipitate obtained after 

stirring for 2 h was centrifuged and washed with 2M HNO3, 

followed by water, until it was free from ions. The solid was 

then re-dissolved in a solution of trisodium citrate (0.06 M, 

100 mL) with 30 mins of stirring. To the brown sol 

obtained, the acetone was added to yield a thin brown 

precipitate. The precipitate consisting of citrate-capped γ-

Fe2O3 nanocrystals was centrifuged, washed with acetone, 

and dried at room temperature. The brown powder so 

obtained was freely dispersible in water and upon dispersion 

yielded a brown ferro fluid, which was stable for weeks see 

(fig.1.). The γ- Fe2O3 nanocrystals were characterized by 

UV microscopy.                                     

 

Figure1 : Exhibits photograph of preparation gamma 

Fe2O3 at room temperature. 

Results and discussion  

Optical properties of Fe2O3 samples were characterized  

through UV-VIS. The optical absorption spectra of the 

samples were recorded by CE7400-7000 3ERIES Double 



 LCCA1:1(2021) 1-4 

2 
 

Beam UV-vis spectrophotometer manufacture Buck 

scientific, Inc. The scan distance range was between 200-

800 nm (fig.2.). The spectra was recorded at room 

temperature.  

 

Figure 2: Shows photograph of CE7400-7000 3ERIES 

Double Beam spectrometer  

In this paper, the experiment was prepared in the presence 

and absence of tri-sodium citrate. the optical absorption 

spectrum of the synthesized γ-Fe2O3 is presented in fig.3. it 

exhibits absorption in the wavelength range of 543 nm 

(without citrate). to 572 nm (with citrate capped Fe2O3) It is 

noted that the absorption maximum of iron oxide shifts to a 

higher wavelength. The observed blue shift of absorption is 

due to the quantum size effect (Wen et al.,2005). From the 

absorption data, the band gap energy of γ-Fe2O3 was 

calculated by using the well-known equation for 

semiconductors (Goudarzi et al., 2014; Manjunath et 

al.,2016): 

(αhν) = A (hν -Eg)n 
 

Here, Eg is band gap, A is constant depending on the 

material, α is absorption coefficient, hν is photon energy, n 

is 2 for direct transition or 1/2 for indirect transition. 

By plotting of (αhν)2 against energy band gap (eV) and an 

extrapolation of the straight-line give the value of absorption 

edge. The band gap energies(Eg) of the samples are 

presented as insets of their respective optical spectra (fig.3). 

The band gap energy (Eg) was calculated to be 3.00 eV, 

2.28 eV for Fe2O3 without citrate and with citrate capped γ-

Fe2O3 respectively. The obtained band gap energy for the 

prepared γ-Fe2O3 in the case of citrate capped IONs is 

bigger than that of the bulk γ-Fe2O3 (2. 0 eV) which could 

be indicated to quantum size effects in nano size materials 

(Manjunath et al.,2016; Bhar et al .,2010; Ajinkya et 

al.,2020; Arash et al.,2016) thus there is a blue shift relative 

to the peak absorption of bulk Fe2O3.  The obtained   

average diameter of γ-Fe2O3 nanoparticles estimated by 

band gap using burs equation (Purushottam et al .,2016)   

Eg = Ebulk + 
ℎ𝜋

2𝑅
2(

1
𝑚𝑒+

1
𝑚ℎ)

− 1.8𝑒2/𝜀𝑅     (1) 

In equation 1, Eg is band gap energy of the nanoparticle, E 

bulk is band gap energy of the bulk of γ-Fe2O3 nanoparticles 

which is 2.0 eV, h is Planck’s Constant, R nanoparticles 

size, mh and me are effective mass for electrons and hole, e 

=1.602 X 10-19unit, ε is dielectric constant. 

The estimated values of the size for all specimens from the 

band gap were  in the range of 1.37 nm in the case of the 

absence of citrate and 1.41 nm using citrate capped 

nanoparticles. Notably, that the space of electronic levels 

and band gap increase as the decrease in size because of 

electron confinement at nanoscale so called "quantum size 

effect". 

 
Figure 3: UV–vis spectra of the samples (a) Fe2O3 without 

citrate as capping agent,(b) citrate capped Fe2O3. Insets 

show their representative plots of (αhν) 2 versus band gap 

energy (ev) for  the direct transition 

which is, due to discrete levels of energy band and the 

electron hole pairs are  near together and electrostatic force 

between them can't be neglected giving higher 

kinetic energy.  

sample 

Wavelength 

(nm) 

Band gap 

 (eV) 

Particle 

size (nm) 

γ-Fe2O3 

without 

citrate 543 3.00 1.37 

γ-Fe2O3 

with citrate 572 2.28 1.41 

Table 1: Particle size estimated from band gap energy  

The optical band gap and particle sizes values for γ-Fe2O3 

with and without citrate capped, are shown in table 1. From 

the table, it is clear that the band edge decreasing as the 

particles size increasing. 

Conclusions 

This strategy reports a simple method for creating Fe2O3 in 

the absence and present sodium citrate as a capping agent. 

The absorption spectra reveal the band gap values were in 

the absence and present sodium citrate in the range (3.0 -

2.28 eV) respectively. The particles size calculated using the 

band gaps energy is in the range of 1.37 nm without citrate 

as capping agent and 1.41 nm in the presence of sodium 

citrate, it is observed that there was an increase in the 

particles size during the decreased of band gap energies.  

Acknowledgements 

The authors like to thank faculty of science department 

of chemistry university of Benghazi for support.  

References 

Ajinkya,  N., Xuefeng  ,Yu., Kaithal,P., Hongrong Luo. 

   Somani.,P and amakrishna,S..R.(2020)"Magnetic  

   Iron Oxide Nanoparticle (IONP) Synthesis to  

   Applications: Present and Future" journal of 

   materials,13(20),pp.4644-5247 

 

Anton, I., de Sabata, I., and V´ek´as, L.(1990) 

    “Application orientated researches on magnetic    

     fluids,” J of Magnetism and Magnetic Materials, 

     85(1-3), pp. 219–226. 

 

Arash, A.,  Mehrorang, G. , Shaaker, H. , Alireza,  

     G.(2016)"Synthesis of magnetic c-Fe2O3- based   



 LCCA1:1(2021) 1-4 

3 
 

     nanomaterial for ultrasonic assisted dyes  

     adsorption: Modeling and optimization" Journal of  

    Ultrasonics Sonochemistry, 32(1) ,pp.418–431. 

 

Bacri, J.C., Perzynski, S. D., Cabuil, V., 

    Massart,R.(1986). "Magnetic colloidal properties of 

    ionic ferrofluids". J Magn Magn Mater, 62(1),pp 36– 

    46. 

 

Basly,  B.D., Felder.F., and  Pourroy, G.(2010)     

"Properties and suspension stability of dendronized 

     iron oxide nanoparticles for MRI applications,"  

    Contrast Media & Molecular Imaging,6 (1), pp. 132- 

    138. 

 

Bhar,S.K., Mukherjee,N., Maji,S.K., Adhikary, B.,  

     Mondal,A.(2010)" Synthesis of nanocrystalline iron 

     oxide ultrathin films by thermal decomposition of 

     ironnitropruside: structural and optical  

    properties"Mater. Res. Bull, 45(12) ,pp.1948–1953. 

 

Chakrabarti S, Ganguli D, Chaudhuri S (2004).  

    "Optical properties of γ-Fe2O3nanoparticles  

     dispersed on sol-gol silica spheres", Physica E,  

     24(3-4) pp. 333–342 

 

Chhabra, V. P., Chattopadhyay, Ayyub .S., and 

     Maitra,A. N.(1996) “Preparation of acicular 𝛾-Fe2O3 

     particles from a microemulsion-mediated reaction,”  

     Materials Letters, 26, (1-2), pp. 21–26 

 

Caruso,F., Spasova, M. A., Susha, M., Giersig, and 

     Caruso, R. A.(2001)" Magnetic nanocomposite 

      particles and hollow spheres constructed by a  

      sequential layering approach", Chem. Mater, 

     13(1),pp  109-116 

 

Chen ,D. Xu. R.(1998)" Hydrothermal synthesis and  

    characterization of nanocrystalline γ-Fe2O3  

    particles". J. Soli Stat Chem, 137(1),pp 185–190. 

 

Chakrabarti, S.,Ganguli, D., Chaudhuri ,S.(2004)" 

     Optical properties of γ-Fe2O3 nanoparticles  

     dispersed on sol-gol silica spheres". Physica E,  

     24(3-4),pp.333–342. 

 

Casas, L.l., Roig, A., Molins, E, (2002)" Iron oxide 

     nanoparticles hosted in silica aerogels". Appl Phys 

     A, 74(5),pp. 591–597. 

 

Crespo, R.G., Al-Baitai, A.Y., Saadoune, I. and Leeuw 

    , N.H.D. (2010), “Vacancy ordering and electronic  

     structure of γ-Fe2O3 (maghemite): a theoretical  

     investigation,” J. Phys.: Condens. Matter, 22,  

     25540-25547 

 

Das, R. and Saha,,S.(2012)" Electrical and chemical  

      characteristics of Ta2O5 gate dielectrics on ge-rich  

      SiGe hetarolayers", Journal of Physical Sciences,  

     16(1), pp177-184. 

 

Fang X S, Zhang L D. (2006),"Controlled growth of  

     one-dimensional oxide Nanomaterials". J Mater Sci  

     Technol, , 22(1),pp. 1–18 

 

Fang X S, Bando Y, Gautam U K, Dmitri, G,(2008).  

      "Inorganic semiconductor nanostructures and their 

      field-emission applications". J Mater  

      Chem,18(5),pp. 509–522 

 

Fang,X.S.,Bando,Y.,Liao,M.Y.,chunyi,Z.B.,Dierre,B.Li., 

       Tlanyou,Z.Y.K.,Dmitri,G.(2009) "Single-crystalline  

       ZnS nanobelts as ultraviolet-light sensors," Adv 

       Mater, 21(20),pp 2034–2039 

 

Goudarzi,A., Namghi, A..D., Ha,  C..S.(2014)"  

      Fabrication and characterization of nanostructured  

      ZnS thin films as the buffer layers in solar cells" 

      RSC Adv, 4(104) , 59764–59771 

 

Hasany, S., Ahmed, I., Rajan, J., Rehman, A.,(2012)"  

     Systematic review of the preparation techniques of 

      iron oxide magnetic nanoparticles". Nanosci 

      Nanotechnol, 2(6), pp148–158. 

 

Hyeon, T., Lee, S. S., Park, J.,  Chung,Y.   

         B.Na .(2001)" Synthesis of highly crystalline and  

         monodisperse maghemite nanocrystallites 

         without   a size-selection process". J Am Chem   

          Soc, 123(51),pp 12798–12801. 

 

Kang,Y. S., Risbud, S. J., Rabolt, F., and Stroeve, P. 

    (1996) “Synthesis and characterization of 

     nanometer-size Fe3O4 and 𝛾-Fe2O3 particles,” 

     Chemistry of Materials,. 8,( 9), pp. 2209–2211. 

 

Manjunath,A.,.Irfan,M.Kabbinadavamsha,P.A.,Karuba, 

      M.V.,Narasimhappa,Y.(2016)"Synthesis and  

     characterization of CuO nanoparticles and CuO  

     doped PVA nanocomposites"Journal of Advances 

     in materials physics and chemistry,7(10), pp.263 – 

     273. 

 

Ngo, A.T and Pileni, M.P .(2001)  " Assemblies of 

    ferrite nanocrystals:  partial orientation of the easy 

    magnetic axes" Journal . Phys. Chem. B,105 (1),pp. 

     53-58. 

Olson, T. Y., Zhang, J .Z.(2008)" Structural and optical  

     properties and emerging applications of metal  

     nanomaterials", J  Mater Sci Technol, 

     24(4),pp.433-446. 

 

  Oliveira, L.C.A., Fabris,J. D., Pereira, M.C (2013)"  

        Iron Oxide and Their Application In Catalytic 

      Processes A review"Quim.Vova,36(1),pp.123-130 

 

Pasricha,R.,Bakare,P.,Patil,K.R.,Das,A.K.,Bhoraskar,S 

    .V. Banerjee,I., . Khollam, Y. B., Balasubramanian,  

    C.(2006), “Preparation of 𝛾-Fe2O3 nanoparticles  

     using DC thermal arc-plasma route, their        

     characterrization and magnetic properties” ,Scripta      ,      

Materialia 54, (7),pp.1235–1240. 

  

Purushottam, K.S. Pankaj, K.,Manowar.H., Alok,K  

https://pubmed.ncbi.nlm.nih.gov/?term=Chung+Y&cauthor_id=11749537


 LCCA1:1(2021) 1-4 

4 
 

    .,and Ganesh.,C .N.(2016). "Synthesis and  

     characterization of CuO nanoparticles using strong 

      base electrolyte through electrochemical discharge 

      process" Journal of Bull mater science.39(2),  

      pp.469-478 

 

Sun, Y.-K., Zhang, M. Ma., and. Gu, N.,(2004) 

      “Synthesis of nanometer-size maghemite particles  

      from magnetite,” Colloids and Surfaces A:  

      Physicochemical and Engineering Aspects. 245(1- 

      3), pp. 15–19. 

 

Skomski, R. Coey, J.M .D.(1999)" Permanent  

     Magnetism, Institute of Physics Publishing Ltd" 

 

Sreeja, V. Joy, P. A.(2007)" Microwave-hydrothermal  

     synthesis of γ-Fe2O3 nanoparticles and their  

      magnetic properties". Mater Res Bull,  

     42(8),pp.1570–1576. 

 

Tartaj P.,  Morales, M. P., Gonzalez, T. , Verdaguer 

    ,S.V.,and. Serna, C. J.,(2005) "Advances in  

     magnetic nanoparticles for biotechnology  

     applications", J. Magn. Magn. Mater., 290 (29) ,pp  

     28-34. 

 

Thomas, P. J, Michael, R, Vanitha, P. V., Kulkarni,G.  

     U., and  Rao ,C. N. R.(2005)."Perpendicular  

     Magnetization in Self-Assembled Films of Citrate-  

     Capped γ-Fe2O3 Nanocrystals on Si(100)  

     Surfaces"Journal of Nanoscience 

     andNanotechnology ,5(4), 565–570 

 

Wang, X. Y., Duan, L., Dong, G .F, 

     Wei,F.,Wang,W.,Wang,Liand Qil,Y.K.(2009).  

     "Synthesis and characterization of  

      nano/microstructured crystalline germanium  

      dioxide with novel morphology" Chinese Sci Bull,  

      54 (16),pp 2810–2813 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wen, X.G. Wang, S.H. Ding, Y. Wang,Z.L.,  Yang,S.H. 

      (2005)" Controlled growth of large-area, uniform, 

      vertically aligned arrays of α-Fe2O3 nanobelts and  

     nanowires" J. Phys. Chem., B,109 (1) , pp. 215-220 

 

Woo,K., Lee, H. J. Ahn., J. P. and Park, Y. S. 

     (2003)"Sol–gel mediated synthesis of Fe2O3  

     nanorods", Adv. Mater, 15 (20 ),pp 1761-1764. 

 

Zhu, L.P., Wang, L.L, Bing, N.C., Huang, C., Wang, 

      L.J. and Liao, G.H. (2013), “Porous fluorine-doped 

     γ-Fe2O3 hollow spheres: synthesis, growth  

     mechanism, and their application in photocatalysis,”  

     Appl. Mater. Interfaces, 5, 12478−12487. 

 

 

 

 

 

 

 

 


