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Abstract

In this research, iron nanofilm deposited by thermal evaporation method on glass substrate were annealed at 200 °C for 2, 3
and 4 hours to obtain Iron Oxide films. Atomic force microscopy (AFM) confirmed that the films grown had a good homogeneous
surface. The roughness, root mean square value, and the average diameter increased with the increasing of annealing time. The
absorbance of the films were recorded using UV-Visible spectrophotometer. The absorbance increased at UV region and then
decreased with the increasing annealing time at visible and near infrared region, while the transmittance decrease at UV region and
then increase with increasing annealing time at visible and near infrared region. The direct energy gap decreased from 3.48 eV for
as-deposited film to 3.33eV at 200 °C for 4 hours. The absorption coefficient, extinction coefficient and refractive index decreased
with increasing annealing time.
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1.Introduction

Over the last two decades, there has been a growing interest in many regions of research areas in the field of nanoscale
materials that could be obtained using various techniques, including physical and chemical methods [1,2]. Due to various their
small size (diameters tend to range from 1 to 100 nm), nanoparticles have unique and controllable characteristics that differ from
some of those found on the macro scale, allowing for novel applications [3-8]. From among different kinds of nanomaterials,
magnetic iron oxides (Fe2Os3) exist in four crystalline polymorphs, each with a different crystalline structure that controls their
physical characteristics. Due to their numerous technological applications, such as magnetic devices, sensors, lithium ion batteries,
pigment, electrode material, magnetic materials, and photovoltaic devices, Fe;Os3 is the most popular and promising material [9-
15]. Magnetic iron oxide nanoparticles were created using a variety of techniques, including co-precipitation of ferrous/ferric salts
[16], thermal degradation of hydrazinated iron(ll) oxalate [17], microemulsion [18], sol-gel syntheses [19], and hydroxylation and
pyrosol [20]. The current work deals with the synthesis of iron oxide nanofilms from Iron nanoparticles and the study of their
morphological and some optical properties under influence of annealing time.

2. Experimental

2.1 Purification of iron oxide nanofilms

Thermal evaporation system (Edward C-306) was used to prepare iron nanofilms deposited on glass substrate. As source
materials for the molybdenum boat, 99.9% pure iron powder was used. The chamber was evacuated to a pressure of 10 mbar.
The distance between the source and the substrate was approximately 15 cm, and the nanofilms were annealed at 200 °C for 2, 3,
and 4 hours, respectively.

2.2 Descriptions

The Atomic Force Microscope (AFM type (Aa3000 SPM)) was used to recognize the surface topography of the deposited iron
oxide nanofilms. The UV-Visible spectrophotometer (Shimadzu UV1650 PC, Phillips, Japanese company) was considered, to
record the transmission in the range of the wavelength (190-1100) nm at RT.

3. Results and Discussion

The typical AFM scans of the prepared iron oxide nanofilms as deposited and different annealing time in air at 200 °C for 2, 3
and 4 hours, are presented in Figs.(1-4) . The AFM images of iron oxide films show a high surface homogeneity in which the
distribution of crystalline granules is uniform which is evident from the convergence of the roughness and root mean square
(RMS) values as in Table(1). The white areas of the images indicate that there are set of crystalline granules one on top other, so it
can be believe that the adjacent granules come together to form large clusters; therefore, we find that the granules in the white
areas are larger than that in other regions. The roughness and root mean square (RMS) values are increased from 1.1 nm and 1.43
nm as-deposited nanofilm to 8.35 nm and 10.6 nm annealed at 200 °C for 3 hours, which is attributed to the fact that the surface
diffusion was sufficient due to the deposition temperature. The increase in RMS lead to increase in crystalline growth in vertical
direction more than horizontal direction. Similar behavior was reported in [21].
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Fig.(1): AFM images of iron oxide nanofilm as-deposited for A) Histogram grain B) 3D and C) Height distribution with
data report
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Fig.(2): AFM images of iron oxide nanofilm at 200°C for 2 hours for A) Histogram grain B) 3D and C) Height distribution
with data report
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Fig.(3): AFM images of iron oxide nanofilm at 200°C for 3 hours for A) Histogram grain B) 3D and C) Height distribution
with data report
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Fig.(3): AFM images of iron oxide nanofilm at 200°C for 4 hours for A) Histogram grain B) 3D and C) Height distribution
with data report
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Table (1): AFM of iron oxide with different Annealing Time

. Ten point height
Annealing Roughness average Root mean p(nm) g Average
time (h) (nm) square (nm) Diameter(nm)
as-deposited 1.1 1.43 8.74 201.9
2 1.33 1.91 10.1 499
3 2.49 3.25 145 542.4
4 8.35 10.6 63.2 276.7

The absorbance and transmittance spectra of deposited Fe nanofilm and annealed at 200 °C for 2, 3, and 4 hours as a function of
wavelength are shown in Figs.(5,6). The absorbance (Fig. 5) increases with increasing annealing time in the UV region and then
reduces with increasing annealing time in the visible and NIR regions, whereas the transmittance (Fig. 6) reduces with increasing
annealing time in the UV region and then increases with increasing annealing time in the visible and NIR regions. This behavior
was attributed to a decrease in Fe content caused by an increase in the rate of re-evaporation of Fe atoms from the iron oxide film.
This result is consistent with the findings of the researcher [22].
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Fig.(4) Absorption coefficient of iron oxide film with different Annealing Time.
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Fig. (5) Absorbance spectra of iron oxide nanofilm with different annealing time
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Fig. (6) Transmittance spectra of iron oxide nanofilm with different annealing time.

The absorption coefficient (a) has been calculated from the following equation [23].
a=2.303 (A/d) )
where: A is the absorbance and d is the thickness.

Fig.(7) show that the absorption coefficient of deposited Fe nanofilm and annealed at 200 °C for 2, 3, and 4 hours as a function of
wavelength respectively. The absorption coefficient given the information on the transition nature. The value of o is greater than
10%cm? which mean the direct electron transition happen.

The direct optical energy gap (Eg°®) of iron oxide nanofilms was calculated from equation [24,25]:
(ahv) 2 = hv-Eq, )

Figure (8) obtain the Eg®* as-deposited and different annealing time. The plot of (ahv)? against hv is linear in nature, indicating
that the material of the nanofilms has a direct Eg°. The extrapolation of the straight line to 0o=0 gives a direct Eg°" equal to 3.48
eV for the as-deposited nanofilms and this value reduce with increasing annealing time and takes the values 3.45, 3.39 and 3.33
eV at 2, 3 and 4 hours respectively, which is agree with report [26, 27].
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Fig.(8) The direct bad gap of iron oxide nanofilm with different annealing time.
The extinction coefficient (k) and refractive index (n) has been calculated from equations [28,29]:

k=2 @A)

4T
wherever A is the wavelength.
Defines the refractive index (n) [30,31]:
1/2 “)
[ 4R .2 (R+1)
nN=f———=—~K +
\R-1)° / (R-1)

at which R denotes reflection

From the Fig. (9,10), it was found that k and n decrease with increasing annealing time in the visible and NIR regions. This
behavior is explained by the fact that the k has a similar behavior to the absorption coefficient according to equation (3) and the
decrease in refractive index is explained by the decrease in density of nanofilms with increasing annealing time.
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Fig.(6) Extenction coefficient of iron oxide nanofilm with different annealing time.
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Fig.(7) Refractive index of iron oxide nanofilm with different annealing Time.

4. Conclusion

In summary, thermal evaporation technique was successfully to prepare iron oxide nanofilms using various annealing time
after thermally preparation of iron films. AFM established that the films grown by this technique had a good homogeneous
surface. The roughness, and root mean square value, increased with the increasing of annealing time. The optical characteristic
include absorbance increase at UV region and then decrease with increasing annealing time at visible and NIR regions, while the
transmittance decrease at UV region and increase with increasing annealing time at visible and NIR regions. The direct energy
gap, absorption coefficient, extinction coefficient and refractive index decrease with increasing annealing time.
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