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ABSTRACT

Thin magnetic films have been formed on the surface of Fe?*, Fe** and PVA solution applying NH; vapors. The growth of films
has been inferred via island growth mechanism. The film grown for shorter exposure time of NH; is composed of islands in
nanometer range, whereas the film grown for high exposure time of NH; consists islands in micrometer range. For lower NH;
exposure, discrete islands are formed in polyvinyl alcohol (PVA) matrix which coalesces in bigger islands when exposed for
larger time to NH; vapor. Similarly, depending upon the NH; exposure, nanoparticles inside films vary from 5 to 30 nm. The
magnetization measurement shows that the films have thickness dependent saturation magnetization. For the thick film the

saturation magnetic field is around 1400 Oe whereas for thin film it is 2000 Oe. Copyright © 2013 VBRI press.
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Introduction

Among various magnetic materials the oxides of iron such
as hematite, magnetite, and maghemite represent an
important class of magnetic transition metal oxide
materials. The most stable iron oxide under ambient
conditions, hematite (a-Fe,O3) is used as catalysts,
pigments, and gas sensors owing to its low cost and high
resistance to corrosion. It can be used as the starting
material for the synthesis of magnetite (FesO,) and
maghemite (y-Fe,0O3), which have been used intensively for
both fundamental scientific interest and technological
applications. They are used in many technological
applications such as high density magnetic storage,
spintronic devices, biomedical applications,
electromagnetic interference and sensors etc [1-2].

At room temperature, the normal stoichiometric forms
of iron oxides are magnetite (Fes0,4), maghemite (y-Fe,0s)
and hematite (a-Fe,O3) in addition to their hydroxides. In
maghemite and hematite, the iron cations are in the Fe®'
state but magnetite contains both Fe** and Fe*" ions.
Although enormous progress has been made in fabricating
magnetic iron oxide thin films with controllable
morphologies [3-6], it is still a key goal in modern
materials science. In this work we have applied NH; vapors
for different time intervals on the surface of the iron
solution containing PVA. The island structures inside the
film have been observed. These films have been
characterized for structural and magnetic properties.

Experimental

A 0.4 g poly vinyl alcohol (PVA) was dissolved in 100 ml
of distilled water with the help of magnetic stirrer. Ferrous
chloride (0.3 g) and ferric chloride (0.6 g) were added to
this solution followed by heating at 80 °C with magnetic
stirring for 10 minutes. In order to form thin film, the iron
chloride solution was taken in a petri dish. NH,OH (50 %)
was taken in a closed vessel to produce NH3 vapors which
using a nozzle were poured on the surface of Fe*'/Fe®*
solution. The NH; vapors were exposed for different time.
After exposure to the NH; vapor the solution surface turned
into a thin film. The reaction was performed in argon gas
environment. In this work, two exposure times 4 and 1
seconds for NH; vapors were randomly selected. The
uniformly distributed iron oxide nanoparticles film was
then separated from the solution on the glass substrate and
dried under argon gas atmosphere at 50 °C in a horizontal
tube furnace. Thus synthesized films have been
investigated for morphological, magnetic and structural
properties using scanning electron microscopy (SEM),
atomic force microscopy (AFM), magnetic force
microscopy (MFM), vibrating sample measurement (VSM)
and X-ray diffraction (XRD) spectroscopy.

Results and discussion

Growth of thin film as well as the phase transformation
involves the process of nucleation and growth on the
growth surface. Here the films are grown on the surface of
solution; therefore a heterogeneous nucleation mechanism
is involved in the formation of films. In general, for

Adv. Mat. Lett. 2013, 4(1), 74-77

ADVANCED MATERIALS Letters

heterogeneous nucleation to take place, two interactions
play an important role in determining the initial nucleation
and thus the film structure; (i) interactions among growth
species and (ii) interaction of growth species with the
surface. The island growth mechanism, one of the
heterogeneous processes occurs when the growth species
are more strongly bonded to each other than to the growth
surface [7-9]. In our case as the films were grown on the
surface of solution and are not uniform throughout as
shown in Fig. 1, the most expected mechanism is island
growth which involves strong interaction among the
growth species rather than the surface and growth species.
Fig. 1 shows SEM images of the film after transferring
onto the surface of the glass substrate. Fig. 1 (a) and (b) are
low and high magnification SEM images of film for high
exposure time (4 seconds) of NH3 vapor. Here islands are
observed with size 50 to 300 nm. Similarly, Fig. 1(c) and
(d) are SEM images for low exposure time (1 seconds),
indicating the islands with size 10 to 100 nm. Further, at
higher magnification the size of the particles inside the
islands are observed from 5 to 30 nm.
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Fig. 1. SEM images of the films after transferring onto the surface of glass
substrate; (a) & (b) for high exposure time of NH; and (c) & (d) for low
exposure time of NHs.

In case of large time exposure of NH; vapors, big size
islands form due to the formation of larger size magnetic
nanoparticles. For lower flow of NH; vapors the film
consists of small islands uniformly dispersed in PVA
matrix. Another approach for the explanation of the island
growth of the film may be based upon their magnetic
nature. Since the particles inside the films are magnetic in
nature therefore, the interaction among the particles would
result in island structure formation. These larger
nanoparticles in thick film due to strong attractive
interaction may easily form large size islands after
aggregation. For low time exposure of NH3 vapors, small
size nanoparticles are formed on the solution surface which
forms islands due to the interaction between them. The
small size of islands for low time NH; exposure may be
attributed due to the presence of PVA matrix which
prevents the growth of islands. Further the mechanism of
the film formation on the surface of the solution can be
explained by the cross linking of the PVA chain with Fe*
ions. The addition of Fe?* ions in the solution will form
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coordinate bond or hydrogen bond with —OH group of one
or more chains of PVA on the surface of the solution
resulting in the cross linking of PVA chain on the solution
surface [10]. The surface morphology of the films was
further studied by the AFM. Fig. 2 shows a two
dimensional AFM images of thick and thin films on the
glass substrate.
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Fig. 2. AFM images of the films on the glass substrate; (a) & (b) for high
exposure time of NH; and (c) & (d) for low exposure time of NHs.

The root mean square value of roughness is 4 nm for
higher NH; exposure (Fig. 2(a) and 2(b)) and 1.2 nm for
low NH; exposure (Fig.2(c) and 2(d)) the corresponding
average grain sizes are 12 nm, 5 nm, respectively. The
island in the form of the cluster of particles is also
observed. For lower NH; exposure, the film s
comparatively smoother than that for high exposure time.
Fig. 3 is MFM image indicating islands in the films. The
grain like structures can be observed for both high and low
exposure times of NH; (Fig. 3 (a) and (b)), indicating films
to be magnetic in nature.
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Fig. 3. MFM images indicating islands in the films; (a) for high exposure
time of NHj3 and (b) for low exposure time of NHs.

We used VSM technique for magnetic properties
measurement. Fig. 4 shows the MH measurement at room
temperature (300 K) for thick and thin films with magnetic
film sweeping back and forth between -6 kOe and 6 kOe.
The saturation magnetization is around 1.1x10° emu for
thick film and 0.4x10® emu for thin film. From the MH
measurement the saturation magnetic field for the thick
film is 1400 Oe while thin film gets saturated at 1000 Oe.
This is probably due to the presence of large size iron oxide
nanoparticles for the longer time NH; exposure as compare
to shorter time NH3 exposure. Further, it may be attributed

Kumar et al.

that a stronger magnetic field is required to align all the
magnetic moments of the larger particle as compared to the
smaller one in the films.

From Fig. 4, it is clear that the thin film saturation
magnetization is increased by very small amount for the
increasing magnetic field. This may be attributed to the
presence of larger size particle or the anisotropy within thin
film. Because the small particles are aligned at lower
magnetic field but larger particle can saturate at higher
magnetic field. So the magnetization seems to be increased
with the magnetic field.
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Fig. 4. MH measurements of films on glass substrate; (a) for high
exposure time of NH; and (b) for low exposure time of NHs.

For structural properties the films were investigated
using X-ray diffraction (XRD) using CuK,(1.54 A) source
and scanning the angles from 10 to 60 with step size
0.0330. From the XRD data for a film for high exposure of
the NH; (Fig. 5), a strong peak at 20 = 33.33°
corresponding to hematite (a-Fe,0O3) and a small peak at 20
= 35.48° coresponding to magnetite (Fe;O,) are observed.
The formation of a-Fe,O5 is due to the formation of iron
hydroxide on the surface of solution which on heating form
hematite (a-Fe,03).
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Fig. 5. XRD pattern of the film on the glass substrate for high exposure
time of NHa.

Conclusion

Magnetic thin films have been formed on the surface of
solution by using a very simple and straight method. Island
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growth results due to the magnetic interaction among the
initially formed magnetic nanoparticles. The thickness of
the magnetic film may be easily controlled by controlling
the exposure of the NH; vapors. This is an easy one step
method and may be applied for the formation of other films
utilizing NH3 vapors. Once the film is formed on the
surface of the solution it may be transferred to any
substrate of interest.

Acknowledgement
This work has been supported by nanotechnology research grant of Jaypee
University of Information Technology.

Reference

1.

10.

Gass, B. J,; Poddar, P.; Almand, J.; Srinath, S.; Srikant, H. Adv.
Funct. Mater.2006, 16, 71.

DOI: 10.1002/adfm.200500335

Wu, W.; Xio, X.; Zhang, S.; Zhou, J.; Fan, L.; Ren, F.; Jiang, C. J.
Phys. Chem. C2010, 114, 16092.

DOI: 10.1021/jp1010154

Hoshiya, H.; Hoshino, K. J. Appl. Phys. 2005, 97, 10c504.

DOI: 10.1063/1.1847933

Peng, Y.; Park, C.; Laughlin, D. E. J. Appl. Phys.2003, 93, 7957.
DOI: 10.1063/1.1556252

Park, C.; Walker, J.; Tannenbaum, R.; Stiegman, A. E.; Frydrych, J.;.
Machala, L. ACS Appl. Mater. Interfaces. 2009, 1, 1843.

DOI: 10.1021/am900362x

Park, C.; Magana, D.; Stiegman, A. E. Chem. Mater.2007, 19, 677.
DOI: 10.1021/cm0617079

Biswas,A.;Rajeswari,M.;Srivastava, R. C.,;Li, Y.H,;
Venkatesan,T.;Greene R. L. Phys. Rev. B. 2000, 61, 9665.

DOI: 10.1103/PhysRevB.61.9665

Guo, L.; Oskam, G.; Radisic, A.; HoffmannP. M.; Searson, P. C. J.
Phys. D: Appl. Phys.2011, 44, 443001.

DOI: 10.1088/0022-3727/44/44/443001

Kdrner, M.; Loske, F.; Einax, M.; Kihnle, A.; Reichling, M.; Maass,
P. Phys. Rev. Lett.2011, 107, 016101.

DOI: 10.1103/PhysRevLett.107.016101

Lin, H.; Watanable, Y.; Kimura, M.; Hanabusa, K.; Shirai. H. J. Appl.
Polym. Sci.2003, 87, 1239.

DOI: 10.1002/app.11520

Advanced Materials Letters

Publish your article in this journal

ADVANCED MATERIALS Letters is an international journal
published quarterly. The journal is intended to provide top-quality
peer-reviewed research papers in the fascinating field of materials
science particularly in the area of structure, synthesis and
processing, characterization, advanced-state properties, and
applications of materials. All articles are indexed on various
databases including DOAJ and are available for download for free.
The manuscript management system is completely electronic and
has fast and fair peer-review process. The journal includes
review articles, research articles, notes, letter to editor and short
communications.

Adv. Mat. Lett. 2013, 4(1), 74-77

ADVANCED MATERIALS Letters

Y JOURNAI

Lo

::- VB Rl Press

a rapid publication platform

ADbVANCED

; NVIATERIALS

Jﬁ( . Letters
Structure, synthesis &

¢ processing, characterization,

advanced-state propertie:

and applications of materials

e

Copyright © 2013 VBRI press


http://publish.aps.org/search/field/author/Biswas_Amlan
http://publish.aps.org/search/field/author/Rajeswari_M
http://publish.aps.org/search/field/author/Srivastava_R_C
http://publish.aps.org/search/field/author/Li_Y_H
http://publish.aps.org/search/field/author/Venkatesan_T
http://publish.aps.org/search/field/author/Greene_R_L
http://adsabs.harvard.edu/cgi-bin/nph-abs_connect?fforward=http://dx.doi.org/10.1103/PhysRevB.61.9665
http://dx.doi.org/10.1088/0022-3727/44/44/443001

