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Abstract— Iron nanoparticles arranged from Fe(NO3)3•9H2O by using chemical precipitation is the methodology used in this work. 
Materials primarily utilized as a part of this project are iron nitrate nonahydrate (as a basic material), Ammonia solution (as a precipitating 
material) and product from them calcined at 550 °C for 2hrs. The properties i.e. size, morphology and crystallinity of synthesized iron oxide 
Nanopowders were considered and portrayed by XRD, FTIR, SEM, and TEM. The results of XRD peak confirm the presence of mixed iron 
oxide nanopowders produced during chemical precipitation and size of as synthesis nanoparticles are 64 nm.TEM come about 61 nm 
likewise affirms the combination of iron oxide nanoparticles. 

Index Terms— Co-precipitation method, nanoparticles, XRD, Fe2O3, photocatalytic degradation, crystal violet dye, XRD. 

——————————      —————————— 

1 INTRODUCTION                                                                     
 he synthesis of oxide nanoparticles attracts more and 
more attention because these nanoparticles exhibit 
electrical, optical and magnetic properties that are dif-
ferent from their bulk counterparts [1].  Iron oxides 

include α-Fe2O3, γ-Fe2O3 and Fe3O4.   Among these Iron ox-
ides, α-Fe2O3 has the corundum structure, while the other two 
have the cubic structure [2, 3]. The study of  Iron oxides  has 
attracted  intensive attention over the past decades due to the 
potential  applications in catalysts [4-6], gas sensors [7], high 
density magnetic recording media [8], printing ink [9], fer-
rofluid [10],  magnetic resonance imaging [11] and especially 
biomedical  field [12,13], etc. Photocatalytic processes at semi-
conductor have received remarkable attention because of their 
potential application to the conversion of solar energy into 
chemical energy and pollution control [14].Various methods 
have been reported for the synthesis of Iron oxide nanostruc-
tures. These methods include reduction of iron salts in mi-
celles [15, 16], thermal reactions [17, 18] using the electrochem-
ical method [19], microemulsion [21], hydrothermal synthesis 
[22] and sol gel method [23] etc. All these methods to Iron ox-
ide nanostructures are in general complicated and expensive. 
There are many advantages in the co-precipitation method 
such as: (a) simple, cheaper and convenient; (b) involve less 
solvent and reduce contamination; (c) give high yields of 
products. The photoassisted catalytic degradation of the dyes 
occurs by the active species created on the surface of metal-
oxide semiconductor nanostructures in aqueous solution. 
In this paper, the iron oxide has been synthesized in basic me-
dium by Simple chemical route and efficiently applied as pho-
tocatalyst for the degradation of Cv-dye under light irradia-
tion. 
 
2 EXPERIMENTAL DETAILS 
2.1 MATERIALS 
       The concoction reagents utilized as a part of the present 

work were ferric nitrate (Fe(NO3)3•9H2O), ammonium hy-

droxide (NH4OH) and acetic acid (CH3COOH). All chemicals 

were of diagnostic evaluation and with no further filtration. 

The specification of dye was presented in Table1. Commercial-

ly available crystal violet was obtained from oxford, India. 

 

2.2 PREPARATION OF IRON OXIDE NANOPARTICLES 
        A salt solution of (1M) of ferric nitrate (Fe(NO3)3•9H2O) 

and (3M) of ammonium hydroxide (the precipitating agent) 

was gradually blended. The pH of the solution was constantly 

observed by adding the ammonium solution dropwise. The 

T 
TABLE 1 

 THE SPECIFICATION OF CRYSTAL VIOLET DYE 

Dye 

Crystal violet 

                      (CV) 

Structure    

 

Molecular  formula C25H30ClN3 

λmax 590 nm 

Chemical class Azo compound 

C.I. number 42535:3 
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reactants were constantly stirred using a magnetic stirrer until 

a pH level was achieved to 10 using acetic acid. The resultant 

was stirred for one hour. The prepared brown precipitate were 

centrifuged for 15 min at 2000 rpm and washed several times 

with distilled water and then dried over night at above 80 °C. 

The gained substance was then pounded into a fine powder 

and then calcined for 2 hrs at 550 °C. 

2.3 PHOTOCATALYTIC MEASUREMENTS 
       The photocatalytic degradation of Crystal violet (Cv) dye 
was performed under UV light   using the illumination of 
Xenon arc lamp (250 W, λ=380 nm). 
        In brief, 0.05 g of as synthesized iron oxide was added in 
25 ml of 20 µg/ml solution of Cv-dye under continuous stir-
ring. The suspension was continuously stirred for 1.30h to 
obtain the adsorption–desorption equilibrium between Cv-dye 
and mixed iron oxide (Fe2O3 and Fe3O4) photocatalyst under 
dark condition. Finally, UV light illumination was used to sta-
ble the aqueous dye suspension under constant stirring. The 
decomposed dye was taken out after every period and sub-
jected to centrifugation at 4000 rpm to separate out the iron 
oxides powder. By UV–vis spectrophotometer (JASCO Model 
V-530) the absorption spectrum of decomposed dye was rec-
orded. The degradation rate of Cv dye over iron oxide is esti-
mated by using equations (1), (2), respectively 
Photodegradation rate %=Ln{(A0-At)/A0}x100     (1) 
Ln(A0/At)=kappt                                                         (2) 
       Where, A0, At is the initial and instant concentration of CV 
dye at interval time, respectively .from equation (2) the appar-
ent rate constant (kapp) for this process could be also estimat-
ed. 

3 RESULT AND DISCUSSION 

3.1 XRD analysis 
       The phase composition of the as-synthesized materials, 
iron oxide, was examined utilizing X-ray diffraction analysis. 
XRD patterns of the iron oxide sample delivered by burning of 
the dried sample .All the diffraction peaks displayed in Fig .1 
can consummately be ordered to the face centered cubic struc-
ture periclase (JCPDS No.89-0598) and (JCPDS No.89-0688) 
.No peaks of other phases were found in the XRD pattern for 
the product calcined at 550  oC, showing that nanocrystal of the 
iron oxide prepared by this synthesis method possesses phase 
of a pure crystalline, which did not appear any impurity, with 
a space group of Fm3m.Moreover, using the Scherrer equation. 
The crystallite size (D, nm) of the iron oxide nanoparticles can 
be calculated [17]:  

D = 0.9λ/β cosθB 

         Where λ is the wavelength of X-ray radiation, β is the full 
width at half maximum (FWHM) of the diffraction peak and 
θB is the Bragg diffraction angle. The estimated average crys-
tallite size of the as-prepared iron oxide nanoparticles was 
found to be ca. 64 nm.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 FT-IR 
         In the IR spectra, the iron oxide sample exhibited charac-
teristic frequency at 437 and 530 cm−1 as appeared in fig. 2, 
respectively, and are connected with the special vibration of 
Fe2O3 which shows the arrangement of iron oxide sample. 
Nonetheless, In the FTIR spectrum absorption at 3,424 cm–1 
and 1,635 cm–1 is because of O–H stretching and bending vi-
brations of physically adsorbed H2O and surface –OH groups 
[18]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Thermal analysis 

      The thermal behavior of the precursor samples prepared 
at pH 10 investigated by TG-DTA, as present in Fig. 3. TGA 
curve show that the thermal decomposition behavior of the 

 
Fig. 1.XRD patterns of iron oxide sample calcined at 550 oC. 

 

 
Fig. 2.FT-IR spectra of iron oxide calcined at 550 oC. 
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precursor is decomposed in three steps.  
 

The first step within the temperature range 21 – 126 °C is at-
tributed to elimination of adsorbed/trapped water and the 
weight loss of this step is found to be 5.8% and this value is 
close to the calculated value (ca.5.41%).the second step within 
the temperature range 127 – 385 °C corresponds to the mass 
loss of 55% and this value is close to the calculated value 
(ca.55.58%). the third step within the temperature range 386 – 
520 °C corresponds to the mass loss of 22% and this value is 
close to the calculated value (ca.18.4%) to give mixed iron ox-
ides as the final residue. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 Energy dispersive x-ray analysis 
       The EDX of the sample fromed at 550 °C affirmed the near    
ness of Fe and O as shown in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5 Field emission scanning electron microscopy (FE-SEM) 

       Morphologies of the as-prepared iron oxide product cal-
cined at 550 °C were examined by utilizing field emission 
scanning electron as shown in Fig. 5.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.6 HIGH-RESOLUTION TRANSMISSION ELECTRON MI-
CROSCOPY (HR-TEM) 
         Transmission electron microscope image of iron oxide of 
the particle was recorded and shown in Fig. 6. The product 
which is calcined at 550 °C is made out of particles with a 
normal measurement of 61nm which is near the crystallite size 
computed from the XRD studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  3.7 OPTICAL ABSORPTION GAP 

 
Fig. 3.TG-DTA curve of [2Fe(OH)3.14H2O] prepared from iron nitrate 

and ammonium hydroxide  by co-precipitation method. 

 

 

 
Fig. 4. EDX spectrum of iron oxide product prepared from iron nitrate 

and ammonium hydroxide by co-precipitation method. 

 

 
Fig. 5. FE-SEM images of iron oxide product calcined at 550 oC with 

low magnification (A), and high magnification (B) prepared from iron 

nitrate and ammonium hydroxide by co-precipitation method. 
 

 

 
Fig. 6. HR-TEM images of iron oxide product calcined at 550 oC with 

low magnification (A), and high magnification (B) prepared from iron 

nitrate and ammonium hydroxide by co-precipitation method. 
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The optical absorbance properties of the produced iron oxide 
nanoparticles were investigated by recording UV-Vis absorp-
tion spectra. The optical band gap energy (Eg) of iron oxide can 
be calculated using equation [19]: 
 

F(R) =(1-R)^2/2R 
 

Where R corresponds to a sample of infinite thickness. A 
more precise value of that parameter is obtained by applying 
the Pankove formalism [20]. 
Pankove: [F(R)]nvs (hʋ);n =0.5(indirect),n = 2.0(direct) 

   At  Fig. 7 show plotting of (hν) versus F(R) of the product, the 
energy gap found to be 2.588 eV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Photocatalytic study 
          The crystal violet (CV) dye degradation was studied over 
the surface of mixed iron oxide samples at pH 10 which com-
bustion at 550 oC with 0.5 ml of H2O2 under UV illumination to 
elucidate the photocatalytic activity. 
         Fig. 8(a) shows UV-VIS spectra of decomposed CV dye 
with the variation of exposed time from 0 min to 210 min and 
exhibits the maximum absorption wavelength at 590 nm. A de-
crease in CV dye concentration is concluded because the ab-
sorbance intensities of CV are gradually decreased in the pres-
ence of iron oxide nanoparticles with the increase of exposed 
time. Interestingly, the crystal violet (CV) dye is significantly 
degraded by ca.86.69% within relatively short exposed time 
(210 min) as shown in Fig. 8(a). 
         However, the CV dye color / concentration decreased by 
only ca.32.33% when the reaction was carried out under dark 
for 1.30 h. Fig. 8(b) Shows the degree of CV dye degradation in 
the presence of iron oxide nanoparticles as a function of irradia-
tion time .the relative concentration of CV dye decrease with 
increased of exposed time. A plot of ln (A0/At) versus time 
gives a straight line with a slope as shown in Fig. 8(c)  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5. Conclusion 
         The highly activity iron oxide NPs were synthesized by 
the solution phase approach with ammonium hydroxide as 
precipitating agent at 550 oC. The iron oxide NPs were charac-
terized in terms of morphological, structural, and optical 
properties by FESEM, TEM, EDX, XRD and UV-visible spec-
trophotometer techniques. The synthesized iron oxide NPs 
exhibited mono-dispersity with the average size 64 nm.The 
photocatalytic investigation was carried out by performing the 
decomposition of CV dye under UV illumination over as-
synthesized iron oxide NPs.CV dye was considerably degrad-
ed by 86.69% within 210 min over the iron oxide NPs. 
 
 
 

 
Fig. 7. Band gap determination of iron oxide sample 

 

  
Fig.  8.(a)UV-VIS absorbance spectra of CV dye as a function of time over 

iron oxide nanoparticles , calcined at 550 oC under UV illumination ,(b) ex-

tent of degradation of CV dye in every successive time interval , (c) the plot 

of ln(A0/At) versus time. 
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