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Abstract 

   Fe2O3 and Sb doped Fe2O3 thin films with deferent percentage were 

intended via spray pyrolysis technique.  Effect of Sb doped on optical 

parameters was studied utilizing Double beam spectrophotometer in order 

to locate transmittance spectra. Absorbance was raised with accretion of Sb 

concentration, same behavior was noticed for extinction coefficient. Energy 

gap was decreased from 3.25 eV for undoped film to 3.0 eV on 3% Sb-

doping., while Reflectance, absorption coefficient and refractive index 

were shown the opposite behavior by decrease their values with increasing 

of Sb. 
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 تاثير التشويب بالانتمون في الخصائص البصرية 

 الرقيقة لاغشية اوكسيد الحديديك

حضرت اغشية اوكسيد الحديديك واكسيد الحديدك المشوب بنسب مختلفة بطريقة التحلل    
رية باستخدام مطياف الاشعة المرئية ص. درس تاثير التشويب على الخواص البالكيميائي الحراري

بزيادة تركيز الانتمون ،  الامتصاصيةاطياف النفاذية . تزداد  حصول علىللفوق البنفسجية  -
 3.25نفس السلوك فيما يتعلق بمعامل الخمود  . انخفضت فجوة الطاقة بزيادة تركيز الانتمون من 

eV  3الى eV   بينما انخفضت الانعكاسية ، معامل الامتصاص ومعامل  %3عند تركيز ،
 نتمون.الانكسار بزيادة تركيز الا

 ، ، الخواص البصرية ، فجوة الطاقة التطعيماوكسيد الحديديك ، ا الكلمات المفتاحية :
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Introduction 

    Rocks and soils are sources for ultimate firm iron oxide [1, 2]. Hematite 

is based upon hexagonal close packed of O
2-

 ions with two-thirds of 

octahedral sites occupied by Fe
3+ 

 ions. [1, 2]. This oxide was suitable for 

many applications like photocatalyst, photoanode, gas sensor, [3-12]. α-

Fe2O3 is  n-type semiconductor, it is a stable, nontoxic, corrosion-resistant, 

low cost and abundant. These features render it suitable for numerous 

promising applications, such as photocatalysts [13-15]. Doping of hematite 

can be useful in enhance the optical and structural parameters [1,2]. The 

process of doping plays a role in occupying substitutional and interstitial 

octahedral sites [16-17]. This work was subjected to prepare Fe2O3:Sb and 

study their optical properties. 

Experimental  

   Iron chloride (FeCl3.6H2O) of 0.1M as matrix material and Antimony 

trichloride SbCl3 (supplied from BDH Chemicals) which used as a doping 

agent was added to the matrix solution to obtain doping ratio of 1% and 3 

%. This aqueous solution was sprayed onto a preheated glass substrate kept 

at 400
o
C. The spray pyrolysis achieved by using glass atomizer, which has 

an output nozzle of 1 mm. optimal conditions to obtain homogenous films 

obtained at the following parameters, spray time was 10 sec. stopping 

period was 1.5 min minutes, in order to avert immoderate substrate cool. 

Carrier gas (filtered compressed air) was preserved at a pressure of 10
5
 

N/m
2
, the space between nozzle and substrate was 28 cm, solution flow rate 

5ml/min. Samples thickness was measured via gravimetric method and its 

values was around 400 ± 30 nm. Optical transmittance and absorbance 

were recorded in a wavelength range of (300-900nm) using UV-Visible 

spectrophotometer (Shimadzu 1640).  
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Results and Discussion 

   Absorbance spectra of the pure Fe2O3 and (1, 3) wt. % Sb: Fe2O3 thin 

films were displayed in Fig. (1). it can be noticed that absorbance (A) 

decreases with the increased in wavelength and increases with increasing 

Sb concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1: Absorbance with wavelength for Fe2O3 thin films and different doping 

of Sb concentration. 

 

   Absorption coefficient (α) was evaluated from absorbance using the 

relation [18]; 

 

           (1) 

   

  Where (A) is Absorbance,  (t) is thickness. Fig. (2) Shows the relation of 

α versus wavelength. It can be noticed  that absorption  coefficient  
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increases  by  increase  Sb content   and  progressively  increased  with  

wavelength. 
 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2: α against wavelength for Fe2O3 thin films and different doping of Sb 

concentration. 
 

   Figures (3, 4, 5) show that the energy  gap decreases with increasing Sb-

doped Fe2O3 thin films from 3.25 eV for undoped Fe2O3 film to 3.1 eV for 

3% Sb-doped Fe2O3 thin films. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: (αhυ)
2
 against  photon energy for Fe2O3 thin films. 
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Fig.4: (αhυ)
2
 against photon energy of Fe2O3:1%Sb concentration. 

 

 

 

 

 

 

 

 

 

 

  

 

Fig.5: (αhυ)
2
 against photon energy of Fe2O3:3%Sb concentration.  

 

   The extinction of electromagnetic wave in material is represented by 

extinction coefficient (k) and could be calculated by the next formula [19]:  
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                                  k =/4            (2) 

   where (λ) is the wavelength. It can be seen that k decreased with 

increasing Sb contents for the as deposited films as shown in Fig. (6). 

 Reflectance (R) was obtained by the next formula [20]: 

                                             (3) 

   Where T is the transmittance. Reflectance spectra of Fe2O3 with different 

doping of Sb: Fe2O3 thin films are shown in Fig. (7). It shows that 

reflectance increases with increasing Sb contents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6: k for Fe2O3 with different doping concentration of Sb:Fe2O3 thin films 

versus wavelength. 
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Fig. 7. Optical reflectance spectra for Fe2O3 with different doping 

concentration of Sb:Fe2O3 thin films versus wavelength. 

 
 

Conclusion 

   The Fe2O3 thin films were deposited on glass substrates with different 

concentrations of Sb using spray pyrolysis technique.  From this study 

optical properties were calculated. Absorbance increased by increasing Sb-

contents. The energy gap for Sb-doped was decrease from 3.25 eV for 

undoped film to 3.1 eV for 3% Sb content, also reflectance and absorption 

coefficient were increased via   Sb contents. 

 

 

 

 

 



JOURNAL OF COLLEGE OEDUCATION ······ 2019 ······NO3 
 

 

8 

References 

[1] Cornell, Rochelle M., and Udo Schwertmann., The iron oxides: 

structure, properties, reactions, occurrences and uses, John Wiley & Sons, 

2003. 

[2] Morrish, Allan H., Canted Antiferromagnetism: hematite. World 

Scientific, 1994.  

[3] Wang, Jun, William B. White, and James H. Adair, Optical properties 

of hydrothermally synthesized hematite particulate pigments. Journal of the 

american Ceramic Society, 88.12 (2005): 3449-3454. 

[4] Sun, Bing, et al., Synthesis of mesoporous α-Fe2O3 nanostructures for 

highly sensitive gas sensors and high capacity anode materials in lithium 

ion batteries, The Journal of Physical Chemistry, C 114.44 (2010): 18753-

18761. 

[5] Sivula, Kevin, Florian Le Formal, and Michael Grätzel, Solar water 

splitting: progress using hematite (α‐Fe2O3) 

photoelectrodes. ChemSusChem., 4.4 (2011): 432-449.  

[6] Ma, Jianmin, et al., Porous platelike hematite mesocrystals: synthesis, 

catalytic and gas-sensing applications. Journal of Materials 

Chemistry, 22.23 (2012): 11694-11700. 

[7] Liu, Yu, et al., One-pot solvothermal synthesis of multi-shelled α-Fe2O3 

hollow spheres with enhanced visible-light photocatalytic activity, Journal 

of Alloys and Compounds, 551 (2013): 440-443. 

[8] Lu, Zhenyu, et al., The use of monodispersed colloids in the polishing 

of copper and tantalum, Journal of colloid and interface science, 261.1 

(2003): 55-64.  

[9] de Araújo, Genira Carneiro, and Maria do Carmo Rangel, An 

environmental friendly dopant for the high-temperature shift 

catalysts, Catalysis Today, 62.2-3 (2000): 201-207. 



JOURNAL OF COLLEGE OEDUCATION ······ 2019 ······NO3 
 

 

9 

[10] Tan, O. K., et al., Ethanol sensors based on nano-sized α-Fe2O3 with 

SnO2, ZrO2, TiO2 solid solutions, Sensors and Actuators B: 

Chemical, 93.1-3 (2003): 396-401.  

[11] Hahn, Nathan T., and C. Buddie Mullins, Photoelectrochemical 

performance of nanostructured Ti-and Sn-doped α-Fe2O3 

photoanodes, Chemistry of Materials, 22.23 (2010): 6474-6482. 

[12] Frydrych, Jiri, et al., Facile fabrication of tin-doped hematite 

photoelectrodes–effect of doping on magnetic properties and performance 

for light-induced water splitting, Journal of Materials Chemistry, 22.43 

(2012): 23232-23239.  

[13] Weiss, W., D. Zscherpel, and R. Schlögl, On the nature of the active 

site for the ethylbenzene dehydrogenation over iron oxide 

catalysts, Catalysis letters, 52.3-4 (1998): 215-220.                                      

 [14] Ohmori, T., et al., Photocatalytic oxygen evolution on α-Fe2O3 films 

using Fe 3+ ion as a sacrificial oxidizing agent, Physical Chemistry 

Chemical Physics, 2.15 (2000): 3519-3522.  

[15] Berry, Frank J., et al., The Structural Characterization of Tin-and 

Titanium-Dopedα-Fe2O3Prepared by Hydrothermal Synthesis, Journal of 

Solid-State Chemistry, 130.2 (1997): 272-276. 

[16] Berry, Frank J., et al., tructural Characterization of Divalent 

Magnesium-Dopedα-Fe2O3, Journal of Solid State Chemistry, 140.2 

(1998): 428-430. 

[17] Berry, Frank J., Alberto Bohórquez, and Elaine A. Moore, 

Rationalisation of defect structure of tin-and titanium-doped α-Fe2O3 using 

interatomic potential calculations. Solid state communications, 109.3 

(1998): 207-211.  



JOURNAL OF COLLEGE OEDUCATION ······ 2019 ······NO3 
 

 

10 

[18] Berry, Frank J., et al., Structural and magnetic properties of Sn-, Ti-, 

and Mg-substituted α-Fe2O3: A study by neutron diffraction and Mössbauer 

spectroscopy, Journal of Solid State Chemistry, 151.2 (2000): 157-162.  

[19] Chavan, S. D., et al., Growth and characterization of CdZn (S1-xSex) 2 

alloy film deposited by solution growth technique, Journal of alloys and 

compounds, 436.1-2 (2007): 400-406. 

 [20] Willey, Ronald R., and Ronald R. Willey, Field Guide to Optical Thin 

Films, SPIE, 2006. 

 

 

 

 


