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Abstract: 

       In this research, nanocomposite Tin oxide/ Iron oxide films were 

effectively formed on glass plate using the (C.S.P)  at a substrate 

temperature of (500°C), with a thickness of about (300nm) and 

various composite ratio (25,35,45,55%). Transmittance rises as the 

wavelength range widens, but falls as the Iron oxide concentration 

increases. Increased Iron oxide concentration causes a rise in 

absorbance, which declines rapidly at high energies, The band gap 

narrows as the Iron oxide concentration rises, with band gap value 

ranging from (3.4 to 2.61) eV.. 

Keywords: (optical properties of films, nano-dioxide, deposited by 

dissolution). 
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دراسة وتقين الخصائص البصرية للأغشية اكسيذ النانو الثنائي )اكسيذ 

اكسيذ الحذيذ ( الوترسبة بواسطة الانحلال الحراري بالرش  /القصذير 

 الكيويائي

 م.م هحوذ لطيف علي هادي

 هتوسطة الواجذ للبنين  

 ملخص:ال

بنجاح  SnO2 / Fe2O3في ىذه الدراسة ، تم ترسيب أغشية المركب النانوي     
 055) القاعدة( عند درجة حرارة CSPزجاجية بتقنية الرش الكيميائي ) قواعدعمى 

تراكيز بنانومتر( ، و  055درجة مئوية( ، وكان سمك الأغشية المحضرة حوالي )
النفاذية لجميع الأغشية الرقيقة  زيادةولوحظ  (.05،05،05،05)مختمفو لممركب ٪ 

، تزيد  Fe2O3مع زيادة تركيز  انخفاضياالموجي ، و مع زيادة نطاق الطول 
وتنخفض بسرعة عند الأطوال الموجية  Fe2O3الامتصاصية مع زيادة تركيز 

وقد تم حساب فجوة الطاقة البصرية للانتقال الألكتروني   القصيرة )الطاقات العالية( ،
كما تم حساب الثوابت  . eV (2.62 – 3.4)المباشر المسموح وتتراوح قيمتيا بين 

( ، Rالانعكاس ) (σ( والتوصيل البصري )αمعامل الامتصاص )مثل )البصرية 
ايضا تمت دراسة لجميع الأغشيو كدالة لطاقة الفوتون ،و  ((nمعامل الانكسار )

كدالة لطول  قياسياتم  الذي(εr  ،εiالأجزاء الحقيقية والخيالية من ثابت العزل )
 الموجة.

مترسبة  حية : )خصائص البصرية للأغشية، اكسيد النانو الثنائي،الكممات المفتا
 بواسطة الانحلال(.
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Introduction 

      Their physical, , magnetic , and chemical properties are 

remarkable.nanometer-sized materials have recently received a 

lot of attention. The behavior of these materials differs from that 

of bulk semiconductors. As particle size reduces, the 

semiconductor's band structure changes. The bands' borders 

divide into discrete energy levels when the band gap increases. 

Quantum size effects are what they're called. These quantum 

scale effects have attracted a lot of interest in both basic and 

applied research[1-5]. 

      Tin oxide (SnO2) thin film is a well-known n..type 

semiconductor with a wide band gap and good simultaneous 

conductivity and optical transparency in the visible wavelength. 

Iron oxide (Fe2O3) thin film, on the other hand, is an n..type 

semiconductorOnly a few studies on the optical characteristics 

of Tin oxide/Iron oxide binary thin films have been published so 

far [6.7].Because the electronic structure of SnO2 and Fe2O3 may 

be affected, it can be used to control the chemical and physical 

properties of these composite to some extent [8]. Because of 

their unusual optical and electric properties, semiconductor 

composite materials have been intensively researched [9-12]. 

Both SnO2 and Fe2O3 are essential inorganic semiconductors 

that could be used in Li..ion batters, and gas sensors, [13-15]. 

Their compositealso drew a lot of interest because of their 

stability, excellent gas-sensitive, and prospective use on Li ion 

battery electrodes [16-18]. Although some researchers have 

developed and examined Tin oxide/ Iron oxide composite thin 

films and nanopowders [16,17]. 
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     The goal of this research is to use a chemical spray pyrolysis 

process to make Tin oxide/ Iron oxide Nanocomposite films on a 

glass substrate and investigate the influence of composite 

concentration on the optical properties of these films.  

2. Experimental 

     To make a 0.1 mol concentration solution from  0.811 gram 

of (Stannic Chloride Hydrated) was melted in 55. ml of distilled 

water. 

Secondary created Tin oxide  pure from 0.1Mol concentration 

precursor solution of  pure Stannic Chloride Hydrated, mole  

weight (350.58gram /mole, it was prepared by dissolving 

1.753gram of Stannic Chloride Hydrated (SnCl45H2O) in 55 ml 

from the water. Both solutions was mixed together in a flask 

with a circular bottom. Spray pyrolysis was used to deposit Tin 

oxide/ Iron oxide nanocomposite with differing Tin oxide and 

Iron oxide ratios on a glass substrate. Stannic Chloride SnCl4 

and HematiteChloride FeCl3 were chosen as Stannic and 

Hematite sources, respectively, from two types of aqueous 

solutions. Table 1 shows how to make Tin oxide/ Iron oxide 

nanocomposite with various compositions.  

        The deposition parameters for the Tin oxide/ Iron oxide 

films were the same. To obtain a solution with a concentration of 

0.1 Mole, the pure Stannic Chloride, pure Hematite Chloride and 

distilled water were properly combined. During the film growth, 

the substrate temperature was set to 500°C. 
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Table.1: The consentration of SnO2 and Fe2O3. 

Percentage SnO2. Fe2O3. 

PureSnO2 100 0 

25% 75 25 

35% 65 35 

45% 55 45 

55% 45 55 

PureFe2O3 0 100 

 

Thick the samples was calculated by the relationship  

     .
ρA.

mΔ
t




             (1) 

  t
/
.. the thin films thickness ,  

Δm
/
.. change in the weight, 

 ρ
'
.. The density of the thin films material . 

3. Results and discussion  

     UV-VIS. spectrophotometer is used to measure the optical 

characteristics of deposited nanocomposite Tin oxide/ Iron oxide 

coatings on glass plate at 500°C. The optical transmittance in the 
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wavelength band (340-1051) nm is measured at normal 

incidence. 

     Fig.. .1 shows the transmittance spectra of Tin oxide./ Iron 

oxide films coated with various Iron oxide concentrations. In the 

near-infrared range, films coated with Tin oxide exhibit a 

maximum transmittance of 87 percent,. The transmission of 

films widens as the wavelength range grows and decreases as the 

Iron oxide concentration increases.. The Iron oxide pure had the 

lowest transmittance, which was 65 percent. 

 

Fig 1. The optical Transmittance of SnO2/ Fe2O3. 

Thelogarithm of the reciprocal of the transmittances are used to 

get the absorbance (A.)[19]: 

   T

1
log.A.           (2) 
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Fig.. 2. depicts the absorbance spectra of thin films made of Tin 

oxide./ Iron oxide nanocomposite. Because the energies of 

photons falling is low, the absorption spectrum exhibits 

exponential decrease as wavelength increases. With increasing 

Fe2O3 concentration, the highest absorption peak moves to a 

longer wavelength. Film absorption decreases as wavelength 

rangeincreases, andincreases as the Fe2O3 concentration 

increases.

 

Fig. 2. The optical Absorption of of SnO2/ Fe2O3 

nanocomposite . 

    The optical absorption coefficient  of Tin oxide./ Iron oxide  

nanocomposite as a function of photon energy calculated from 

absorbance data using equations [20]: 

t

A
303.2                              

(3)
 

 A..the absorptances of film 
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 t..   is the samplesthickness. 

     The absorption coefficient of Tin oxide./ Iron oxide  

nanocomposite films increases with increasing photon energy, as 

seen in Fig. 3. Nanocomposite films' absorption coefficient 

increased at the UV./VIS. interface, then steadily increased in 

the visible range. as well as absorptioncoefficients greaterthan 

(α  ≥10
4
cm

-1
) at high photonic energies than direct occurrence 

of electronictransitions.  

 

 
Fig.3.The absorption Coefficient of of SnO2/ Fe2O3  

The optical energy gap (Egap) was determined by Tauc equation 

[21] 

 α.hυ = B.[hυ. –Egap.]
.r
                      (4) 

   B …. constant, 

 hυ …. photons energy, 
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   α …. absorptioncoefficient, 

     Table 1 shows that the band gap of SnO2/Fe2O3 

nanocomposite thin films is in the range (3.41-2.63 eV) (2). 

With increasing Iron oxide content, the band gap of Tin oxide 

films decreases. 

 



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 130 

 



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 131 

 

Fig.4. Band gap variation in Fe2O3/SnO2 nanocomposite thin 

film productions at various Fe2O3 concentrations. 

Tab..2 .the values of optical energy gap for SnO2/Fe2O3 

nanocomposite. 

Preparation condition 
Band gap energy 

(eV) 

Pure. SnO2 3.41 

25% Fe2O3 3.2 

35%Fe2O3 3.12 

45%Fe2O3 3 

55% Fe2O3 2.91 

Pure. Fe2O3 2.63 
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The reflection of the films was found through the use of 

relationships. [23]:  

       R.+T.+A.=1                   (5) 

Fig.. 6. depicts the variation in reflectance of the Tin oxide./ Iron 

oxide  nanocomposite as a function of wavelength. It's important 

to note that the reflectivitygradually climbed to its 

maximumvalues at particular wavelength, then gradually 

decreased as the wavelength increased. The overall reflectance 

of the film increased as the Fe2O3 concentration increased. 

 

Fig.6 :The  Reflectance  of SnO2 /Fe2O3 . 

     the refractionindex can be calculated from relation ship [24]:  

          .n = 
        

       
              (6) 

    



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 133 

     The relationship between the RefractiveIndex and wavelength 

in the range (900-1100) is seen in Fig.7.. The increase in Iron 

oxide concentration causes a rise in the refractiveindex overall. 

This rise is dueto a general increase in reflectance as Iron oxide 

concentration rises. 

The greatest value in the refractive index increases with Iron 

oxide concentration, implying that an increase in iron oxide 

concentration has influenced the nature of the surface, which 

occurs during reflection and leads to the verity of the refractive 

index. 

 

Fig.7.The Refractiveindex of SnO2 /Fe2O3 . 

    

 The extinctioncoefficient was calculated by equation [25]: 
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         4.π

α.λ
k ο                 (7) 

     The variation of the extinction coefficient with wavelength 

for   Tin oxide./ Iron oxide  nanocomposite with various Iron 

oxide  concentrations is shown in Fig.8. The extinction 

coefficient decreases with increasing wavelength and increases 

with increasing Iron oxide  concentration. Surface optical 

scattering and optical loss will rise as surface roughness 

increases with increasing Iron oxide  content in crystalline films 

[26]. 

 

Fig.8. The Extinction Coefficient of SnO2 /Fe2O3 

nanocomposite. 

 The real and imaginary components of the complex 

dielectricconstant are represented by relations. [27]:  
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        εr = n
2
- K

2
                 (8) 

        εi = 2 n K                  (9) 

 

     The real (εreal),  and imaginarypart(εima)  of dielectricconstant 

of the SnO2/Fe2O3 nanocomposite  thin films have been 

investigated using the equation (8) and (9) as shown in fig.9.  

     The variation of (εreal),  (εima) with wavelength for SnO2/Fe2O3 

nanocomposite with different Fe2O3 concentration. The obtained 

results show that the values of real part (εreal)   of 

dielectricconstant are decreased with increasing of wavelength 

for SnO2/Fe2O3 thin films, especially, it increased with increase 

of Fe2O3 ratio . 
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Fig.9. The Real and ImaginaryParts of DielectricConstant of 

Tin oxide/Iron oxide. 

      

     Fig.10, For varying Fe2O3 concentrations of Tin oxide./ Iron 

oxide  nanocomposite thin films, the variation of optical 

conductivity as a function of photon energy is shown. The 

optical conductivity of the Tin oxide./ Iron oxide  

nanocomposite increases with increasing photon energy, as seen 

in the picture. This implies that the rise in optical conductivity is 

caused by electrons being ejected by photonenergy, and that the 

opticalconductivity of the films increases as the Fe2O3 

concentration in the films increases. 
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Fig.10.The Optical Conductive ofSnO2 /Fe2O3 ratio. 

 

Conclusions 

     Chemical spray pyrolysis was used to make Tin oxide/Iron 

oxide nanocomposite thin films with different Iron oxide ratio 

(0,25,35,45,55,100 percent) on a glass substrate at a temperature 

of (500 
o
C). The transmittance of all films increased with 

increasingwavelength range and decreased with increasing 

Fe2O3 ratio. The pure SnO2 thin films has a maximum 

transmittance of 87 percent in the nearinfrared region, and the 

Fe2O3 thin films has aminimum transmittance of 64 percent in 

visible region, according to the optical properties. When Fe2O3 

concentrations rise, the band gap lowers, and band gap values 

vary from 3.41 to 2.63 eV. 

 

 



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 138 

References 

[1] Hyo-Jin Ahn, Hyun-Chul Choi, Kyung-Won Park, Seung-

Bin Kim,Yung-Eun Sung, "Investigation of the Structural and 

Electrochemical Properties of Size-Controlled SnO2 

Nanoparticles", J. Phys. Chem. B, 108 (2004) 9815-9820. 

[2] Feng Gua, Shu Fen Wanga, Meng Kai L.ua, Yong Xin Qib, 

Guang Jun Zhouc, Dong Xua, Duo Rong Yuana, "Preparation 

and luminescence characteristics of nanocrystalline SnO2 

particles doped with Dy
3+

" , Journal of Crystal Growth, Vol. 255 

(2003) 357–360. 

[3] Paulo G. Mendes , Mario L. Moreira, Sergio M. Tebcherani , 

Marcelo O. Orlandi , J. Andre´s, Maximu S. Li ,Nora Diaz-Mora 

, Jose´ A. Varela , Elson Longo, "SnO2 nanocrystals synthesized 

by microwave-assisted hydrothermal method: towards a 

relationship between structural and optical properties ", J 

Nanopart Res,14 (2012) 750. 

[4] Feng Gu , Shu Fen Wang , Chun Feng Song , Meng Kai L€u 

, Yong Xin Qi ,Guang Jun Zhou , Dong Xu , Duo Rong Yuan, 

"Synthesis and luminescence properties of SnO2 nanoparticles", 

Chemical Physics Letters, 372 (2003) 451–454. 

[5] D. G. Shah and P. M. Trivedi "Preparation, characterization 

of nanometer SnO2" , Pelagia Research Library ,Der Chemica 

Sinica, 3 (2012) 1002-1008. 

[6] H.L. Hartnagel, A.L. Dawar, A.K. Jain, C.J. Jagadish, Semi-

conducting transparent thin films, IOP, Bristol, (1995).  



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 139 

[7] M.-M. Bagheri-Mohagheghi, and et al, Solid State Sciences, 

11 (2009) 233.  

[8] Y. Duan, ―Electronic properties and stabilities of bulk and 

low-index surfaces of SnO in comparison with SnO2: A first-

principles density functional approach with an empirical 

correction of van der Waals interactions‖, J. Phys. ReV. B, 77 

(2008) 045332. 

[9]  Gratzel, M., Photoelectrochemical cells, Nature, 414 (2001) 

338－344. 

[10] Subramanian, V., Wolf, E., Kamat, P. V., Semiconductor-

metal composite nanostructures, To what extent do metal 

nanoparticles improve the photocatalytic zctivity of TiO2 films, 

J. Phys. Chem. B, 105 (2001) 11439－11446. 

[11] Wu, J. J., Wong, T. C., Yu, C. C., Growth and 

characterization of well-aligned nc-Si/SiO2 composite 

nanowires, Adv. Mater., 14 (2002) 1643－1646. 

[12] Tan, O. K., Cao, W., Zhu, W. et al., Ethanol sensors based 

on nano-sized a- Fe2O3 with SnO2, ZrO2, TiO2 solid solutions, 

Sensors and Actuators B, 93 (2003) 396－401. 

[13] Kolmakov, A., Zhang, Y., Cheng, G. et al., Detection of CO 

and O2 using tin oxide nanowire sensors, Adv. Mater., 15 (2003) 

997－1000.  

[14] Li, M., Martin, C. R., Scrosati, B., Nanomaterial-based Li-

ion battery electrodes, Journal of Power Sources, 93 (2001) 240

－243.   



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 140 

[15] Vayssieres, L., Beermann, N., Lindquist, S. E. et al., 

Controlled aqueous chemical growth of oriented three-

dimensional crystalline nanorod arrays: application to iron (III) 

oxides, Chem. Mater., 13 (2001) 233－235.   

[16] Jiao, Z., Wang, S. Y., Bian, L. F. et al., Materials stability 

of SnO2/Fe2O3 multilayer thin film gas sensor, Research 

Bulletin, 35 (2000) 741－745.  

[17]  Reddy, C. V. G., Cao, W., Tan, O. K. et al., Preparation of 

Fe2O3(0.9)-SnO2(0.1) by hydrazine method: application as an 

alcohol sensor, Sensors and Actuators B, 81(2002) 170－175.  

[18]  Matsumuraa, T., Sonoyamaa, N., Kannoa, R. et al., 

Lithiation mechanism of new electrode material for lithium ion 

cells—the a-Fe2O3–SnO2 binary system, Solid State Ionics, 158 

(2003) 253－260. 

[19] Bini S. J of Energy, 20 (2000) 405. 

[20]  Sze SM, Ng KK. Physics of semiconductor Devices, 3
rd

 ed, 

John – Wiley and Sons,( 2007). 

[21] Jain A, Sagar P, Mehra R. Changes of structural, optical and 

electrical Properties of sol –gel derived Zno films with their 

thickness J. Materials Science – Poland, 25 (2007) 233-242. 

[22] A.M.Abdul Majeed," Fabrication and Study the 

Characterization of Doped SnO2 /Porous Silicon 

Heterojunction", Ph.D.Thesis, Department of physics, College of 

Science, Al-Mustansiriya University, (2013). 



 وقائع المؤتمر العممي الدوري الخامس لحممة الشهادات العميا تحت شعار) البحث العممي وآفاق المعرفة(
 

 

 

 
 
 141 

[23] M.A. Khashan, A. M. EL. Naggar, ― Optics 

Communications‖, 174 (2000) 445. 

[24] Pankove J. Optical Process in Semicondutor, Prentice Hall 

Inc, 1975. 

[25] Tauc J. Amorphouse and Liquid Semiconductor ―,Plenums 

Press. New York and London, (1974). 

[26] F. Lai, L. Lin, Z. Huang, R. Gai, Y. Qu, " Optical 

inhomogeneity of ZnS films deposited by thermal 

evaporation",Appl. Surf. Sci, 253, (2006) 1801. 

[27]  G.Frank, E.Kauer & H.Kostlin, ― Thin solid film ‖, 77 

(1981) 107. 

 

[28]Abakaliki, Nigeria. "Optical and Solid State 

Characterization of Optimized Manganese Sulphide Thin Films 

and Their Possible Applications in Solar Energy " The Pacific 

Journal of Science and Technology,7(200). 

 


