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Thin films containing Fe;O, nanoparticles have been prepared by spin coating method
on Si substrates and studied by AFM and spectroscopic measurements in the range 0.4-
1.1 pm. The films exhibit a significant light scattering due to agglomeration of nanopar-

ticles.

Toukwe mIeHKH ¢ BKJIOUeHHmeM HaHouactun, Fe;O, marorosieHsl MeTogOM IeHTPH(YIH-
POBaHMA HA IDOLJOMKKAX Si M HCCIeZOBAaHLI METOJAMM ATOMHOHM CHJIOBOM MHKPOCKOINHN U
OIITUYECKOM crnekTpockonuu B auamasoHe 0,4—1,1 mrm. IlieHKu IeMOHCTPUPYIOT 3HAUM-
TeJbHOE paccesHHue cBera OJarozapsi arjoMepanmuy HAaHOYACTHIL.

1. Introduction

Magnetite in nanoparticular form is used
widely in different areas such as liquid
seals, optics, spintronics, sensors, biology
and medicine due to flexibility in manipula-
tion by magnetic field and biocompatibility.
It might be used for magnetic recording
media itself [1] or as a precursor for y-Fe,O3
[2]. Some conducting polymers with FezO,
nanoparticles have been prepared with in-
teresting conductive and magnetic proper-
ties [3]. An intermediate step between the
synthesis of nanoparticles and their use in
practical devices is their organization
within solid matrices, such as polymers,
glasses, or ceramics. Such combinations of a
solid matrix with nanometer sized compo-
nents of a different material are often re-
ferred to as nanocomposites. The optical
properties of such nanocomposites depend
strongly on the size and shape of magnetic
nanocrystals and their aggregates [4]. Dif-
ferent factors can influence the aggregation
process. These include the surrounding
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media, the surfactant used to segregate the
particles, temperature and magnetic field.
Recently, the multilayered systems where
magnetic layers alternate with dielectric
ones attract significant attention due to
their specific interaction with light. The
aim of this work is to study the possibility
to use the nanocomposite films with Fe;0,
in preparation of magnetic photonic crys-
tals. Magnetic materials are promising as
prospective components of magnetic pho-
tonic crystals, because they allow tuning of
their optical properties under dc magnetic
field action [5]. For example, the light po-
larization state can be changed from ellipti-
cal to circular one by variation in magneti-
zation vector.

2. Experimental

In this work, the sol-gel method was
used to obtain the magnetite nanocrystals of
10 to 15 nm average size as confirmed by
TEM measurements (Fig. 1). The synthesis
procedure for Fe;O, nanoparticles based on
data from [6] can be described as follows.
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Fig. 1. TEM images of prepared Fe;O,
nanoparticles of 10-15 nm average size. The
particle shape is octahedral that is typical of
magnetite.

For Sample 1 — 100 ml water solution of 0.01 M
Fe2*, 0.02 M Fe3* (from iron chlorides)
mixed with 12 ml of NH,OH (20 %) and
10 ml of oleic acid. For Sample 2 — 100 ml
of 0.02 M Fe2*, 0.04 M Fe3* mixed with
12 ml of NHsOH (20 %) and 10 ml un-
decylenic acid. Oleic and undecylenic acids
are used here as surfactants. The reactions
occurring can be written as:

Fe3* + 30H- — FeQ(OH) + H,0
Fe?" + 20H — Fe(OH),
2FeO(OH) + Fe(OH), — Fez0, + 2H,0.

The spin coating technique was used to
deposit the films containing Fe;O, nanopar-
ticles onto Si substrate. In this case, the
polyvinyl styrene was used as the coating
layer and binder. The Sample 1 was pre-
pared by deposition of single layer of mag-
netite nanoparticles while five layers have
been deposited for Sample 2. Some films
were thick and flexible enough to peel off
the substrate, so there was a possibility to
measure the light transmittance there-
through. The reflectance of the films was
also measured in the 0.4-1.1 pm range.

Morphological characteristics and spe-
cific properties of the obtained composite
structures were studied by atomic force mi-
croscopy (Fig. 2). The Sample 1 (thin film)
demonstrates a large relief formed by ag-
glomerates of nanoparticles with lateral size
around ~100 nm. The Sample 2 shows a
smooth surface with low roughness, prob-
ably because of total film thickness where
nanoparticles and agglomerates thereof
were hidden and a more suitable surfactant
used (undecylenic acid).

Optical properties of thick film (Sam-
ple 2) were studied by measuring the trans-
mittance (T) and reflectance (R) of a free
nanocomposite film. The film was thick
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Fig. 2. AFM images of Fe;O, composite films
made of Samples 1 (a) and 2 (b) with 1 layer
(a) and 5 layer (b) thickness.

enough and it was possible to peel it off from
the substrate. Then light absorption (4) (Fig.
3a) for the films was calculated as A=1-R—
T. The spectral dependence of extinction co-
efficient k(\) (Fig. 8b) was calculated from
the absorption A using the following rela-
tions:

A=1-exp(-a-d)
4.

o =
A

-k,

where o is the absorption coefficient; d, the

film thickness; A, the wavelength.

Optical properties of thin film (Sample 1)
were studied by measuring the spectral de-
pendencees of polarized light reflectance
only at different angles of incidence. It was
impossible to measure the film transmit-
tance, therefore, the calculations were more
complicated. The extinction coefficient k(L)
(Fig. 8b, curve 1) was eliminated from re-
flectance measurements by fitting using
Fresnel equations [7]. Then the absorption
coefficient o and absorption A were ob-
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Fig. 3. Measured spectral dependences (a) of the light absorption (A) for thin film (1) on Si
substrate (Sample 1) and for free film (2) prepared from Sample 2. Spectral dependences (b) of
extinction coefficient k& for the thin film (I) (Sample 1), free film (2) (Sample 2) and for the bulk

material [8] (3).

tained using the above formulas. The sig-
nificant film roughness (Fig. 2) comparable
with the film thickness and a nonideal fit-
ting resulting therefrom provides a rather
rough estimation of the extinction coeffi-
cient, but a significant difference from the
bulk material properties (Fig. 3b, curve 3)
is nevertheless obvious. The curve shapes
differ most in the IR spectral region; per-
haps this is connected with nanosized char-
acter of magnetite. The fact that the abso-
lute extinction value is even higher than
that for bulk material [8] in some spectral
regions could be due to light scattering, in-
creased concentration of Fe, FeO components
in magnetite nanoparticles, and possibly to
incorrect estimation of film thickness.

The obtained dependence k(LA) for nano-
composite thick film differs significantly
from the corresponding dependence for the
bulk material [8] (Fig. 3b, curve 3) and for
the thin film (curve I). The curve shape and
the milky color of studied films suggests
that the light scattering is here of a consid-
erable importance. To check the influence of
the scattering, the absorption spectrum A(L)
was drawn in coordinates 1/A% (Fig. 4). The
linear part of the curves confirms the idea
of light scattering significant influence on
the film optical properties. The absorption
of thin film (Sample 1) (curve 1) exceeds
significantly that of thick film (curve 2).
This fact correlates with increased surface
roughness observed in Sample 1 by AFM
(Fig. 2). The light scattering is proportional
to the size of the structures responsible for
the surface roughness. There is a power de-
pendence with coefficient 4 [9]. Therefore,
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Fig. 4. Recalculated absorption A as a func-
tion of 1/A* for scattering analyses in thin
film (1) on Si substrate (Sample 1) and for
free film prepared from Sample 2.

Sample 1 which demonstrates a larger
roughness shows also a larger scattering
and measured absorption. The bend on the
curves around 0.6 um is probably related to
the maximum in optical extinction coeffi-
cient spectrum k(A) of bulk material (Fig.
3b, curve 3).

3. Conclusions

The optical properties of nanocomposite
films with Fe;0, are mainly defined by
scattering on large (as compared to light
wavelength) agglomerates of nanoparticles.
The average size of such agglomerates as
estimated from AFM images is about
100 nm. Such an increased scattering can
be used for reflectance decreasing and am-
plification of light interaction with semi-
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conductor substrate of surface barrier het-
erostructures for photoelectric applications.
These investigations are continued.
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Mopddoaoria Ta onTHYHI BJIACTHBOCTI ILJIIBOK
i3 BKJIIOUEHHSAM HAHOYACTHHOK MATHETHUTY

O.Ropoé’anko, M.Imumpyr, C.Mamurin, M.CumHnuk,
O.Jlumeun, Il . Pouyk

Torki miniBku i3 BKIIOUeHHAM HaHouacTuHOK Fe;O, BUroroBieHo MeromoMm HeHTPUDYTY-
BaHHA Ha MigKJIagKax Si Ta TOCHiIMKeHO MeToJaMH aTOMHOI CHJIOBOI MiKpPOCKOIii Ta omTumu-
HOl cmekTpockomii y pgiamasomi 0,4-1,1 mrm. IIniBKM AZeMOHCTPYIOTH CYTTEBEe PO3CiAHHA

CcBiTJIa BHaCJiOK arjioMepallii HAaHOYaCTHUHOK.
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