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Abstract : The y-Fe,O; nanoparticles of 81112 A diameter were synthesized in aqueous solution and
surface was coated with stearic acid. The very narrow size distribution of the stearic acid-stabilized ¥
Fe;0O: nanoparticle was observed with TEM analysis. The electrostatic interaction between ¥-Fe,O;
nanoparticle surface and carboxylate of the stearic acid was identified by an FT-IR spectrometer.
Méssbauer and Vibrating Sample Magnetometer (VSM) spectra show that the surface coated ¥-Fe,O,
nanoparticles and LB films have superparamagnetic properties. The formation of Langmuir monolayer
of the surface coated ¥-Fe,Os; nanoparticle at the air/water interface and its stability were studied with
a pressure-area isotherm curve. Magnetic property of Langmuir-Blodgett (LB) film of the surface
coated y-Fe,O; nanoparticles was studied with VSM. The surface morphology of the LB film and the
homeogenous dispersion of the surface coated y-Fe.O; nanoparticles were investigated with SEM image.

Introduction

Magnetic particles have long been the subject
of both technological and theoretical interest.
Especially, the magnetic nanoparticle has brought
much attention in the magnetic recording media
materials, due to the increased need for informa-
tion storage systems.'? Recently there has been a
considerable interest in magneto-optics devices
which combine magnetic and optical phenomena.
The recording media can be made by incor-
porating these nanoparticles into the organic
polymeric layers. This allows the preparation of
nanocomposite materials for magneto-optics.
When the particle size is below 10 nm, they are
optically transparent and can be candidates for
incorporation into ultra-thin films of organic
polymers. Variety of techniques for the formation
of ultra-thin films are available and include spin-
coating, self-assembly, sputtering, plasma poly-
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merization, and Langmuir-Blodgett (LB) film
deposition. The preparation of nanoparticles has
been achieved in a wide range of media including
surfactant micelles, vesicles, zeolites, random
ionomer, and ion-exchange complexing block
copolymers.®® A critical obstacle in assembling
and maintaining a nanoscale material from
molecular clusters is the tendency of the latter to
aggregate to reduce the energy associated with
the high ratio of surface area to volume.

In the present study, ¥-Fe,Os; nanoparticles
were obtained by oxidation of FesO. nanoparticles
in aqueous solution and stabilized by coating of
stearic acid. We here describe the preparation
of ultra-thin films of ¥-Fe,O; nanoparticles (in
uniform diameter, ca. 81+12A) on a water
subphase and their subsequent transfer to solid
substrates using the LB technique. The size
distribution of the surface coated ¥Fe.Os nano-
particles was identified with TEM analysis. The
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Langmuir behavior of monolayer at the air/water
interface was studied with pressure-area isotherm
curve. The characterizations of the nanocomposite
film were carried out with FT-IR and UV-vis
spectrophotometers. The magnetic property of
the nanocomposite film was characterized with
VSM, and the surface image of 7¥-Fe,O;
nanoparticles in the film was observed with SEM.

Experimental

FeCl, - 4H.O (99+%), FeCl;- 6H.O (99+%)
and stearic acid (99+%) were obtained from
Aldrich Chemical Co. and used without further
purification. Distilled water was passed through a
six-cartridge Barnstead Nanopure Il purification
train consisting of Macropure pretreatment.
Organic solvents, such as chloroform and metha-
nol, were either spectroanalyzed or HPLC grade.
To a mixture of hydrochloric acid (11.5 N, 0.28
mL) and purified, deoxygenated water (8.3 mL,
18 M, nitrogen gas bubbling for 30 min), 2.86
g of FeCl;- 6HO and 1.00 g of FeCl, - 4H,O
were dissolved with stirring for 20 min. The
resulting solution was added dropwise into 100
mL of 1.5 M NaOH solution under vigorous
stirring for 30 min. The precipitate was isolated
in the magnetic field, and the supernatant was
removed from the precipitate by decantation.
Volume of 250 mL of purified water was added
to the precipitate and the solution was decanted
after centrifugation at 5000 rpm for 10 min.
After repeating the last procedure three times, 150
mL of 0.01 M HCl solution was added to the
precipitate with stirring to neutralize the anionic
charges on the nanoparticles. The oxidation of
FeiO, into y-Fe:0; was carried out by adjusting
the pH of the hydrosol of FesO. to 3.5. The clear
hydrosol was stirred under aeration (with air) for
30 min at about 100°C. The color of the solution
changed from blue-black to clear reddish-brown.
The reddish-brown solution was cooled to room
temperature, and the precipitate was collected
after centrifugation at 10000 rpm for 20 min.
The remained water on the particle surface was
removed by washing with methanol and the
prepared y-Fe:O; precipitate was transferred to a
round-bottomed flask. A solution of 1.00 g stearic

368

acid in 100 mL of chloroform was then added
to the flask, and dispersion of the ¥-Fe,Os:
nanoparticle in the solution was aided by placing
the flask in a sonication bath for 1 hour. The
solution was refluxed overnight. The surface
coated Y-Fe:O; nanoparticles were separated by
the centrifugation at 5000 rpm for 20 min after
adding 100 mL of methanol. The resulted
complex was dried under the reduced pressure
for 2 hours. A stock solution was prepared by
dissolving a 10 mg of resulting powder in 10 mL
of chloroform.

TEM experiments were carried out on a JEOL
200 CX transmission electron microscope. TEM
samples were prepared on the 400 mesh copper
grid coated with carbon which was purchased
from Electron Microscope Co. A drop of the
stock solution was carefully placed on the copper
grid surface and dried. Mossbauer spectra were
recorded using a conventional Mdssbauer spec-
trometer of the electromechanical type with a 20
mCi ¥“Co source in a Rh matrix. To produce an
uniform thickness over the area of the Méssbauer
absorber, each sample was mixed with boron
nitride powder. The area density of Fe for the
flattened sample was 10 mg/cm® The optical
absorption and transmission FT-IR spectra were
recorded with Varian CARY 1C UV-vis spec-
trophotometer and Perkin Elmer 2000, res-
pectively. 300 UL of the surface coated y-Fe,O;
nanoparticles was spread in the pure water
subphase from a chloroform solution at a concen-
tration of 1 mg/mL.

The pressure-area isotherms of the surface
coated ¥Fe.0; nanoparticles at the air/water
interface were obtained with KSV minitrough.
SEM images were obtained with a Hitachi $-4200
scanning electron microscope. The magnetization
curves and hysteresis loop of nanocomposite
films were characterized with Lake Shore 7300
VSM.

Results and Discussion
Figure 1 shows a TEM image of the surface
coated ¥-Fe,O; nanoparticles in bright field. The

nanoparticles have an average diameter of 81+
12 A. They are well dispersed and have a narrow
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Figure 1. Transmission electron micrograph of the ¥Fe,O;
nanoparticles coated with stearic acid in bright field (81+12 A).

size distribution. The stability of the magnetic
nanoparticles depends on the relative repulsive
forces.*” The carboxylic headgroups are con-
sidered to bind to the particle surface, and the
hydrocarbon chains form a hydrophobic sheath
surrounding the individual particles, thus stabilize
them against aggregation.®

The Méssbauer spectra of the surface coated Y-
Fe,O; nanoparticles are given in Figure 2 at room-
temperature (A) and 77 K (B). The spectrum at
room temperature consists of a quadrupole
doublet which means that the Néel temperature
of the magnetic particles is below the room
temperature. This shows that the Néel tempera-
ture (Tx) of nanometer-sized particles of magnetic
materials are lower than that of bulk materials
because of superparamagnetic phenomena.® The
isomer shift at room temperature of the surface
coated ¥-Fe,Q; nanoparticles is 0.30+0.01 mm/s
relative to Fe metal, which indicates ferric
character.” The quadrupole splitting of 0.64+0.01
mm/s is mostly due to ligand contributions
because Fe* ions in ¥Fe:O; occupy both the A-
and B-site in iron-defect cubic spinel, (Fe)a T s
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Figure 2. Computer-fitted Mdssbauer spectra of the surface

coated ¥Fe,Os; nanoparticles at room temperature (A) and
77 K (B).

Fess]s04. The spectrum at 77 K was fitted using
field distributions on the conditions that the line
width was fixed at 0.5 mm/s, the isomer shift and
the quadrupole shift had same value for each
sextet, the magnetic hyperfine field range was
100~600 kOe in the step of 20 kOe, and the
intensity ratio was fixed at the theoretical ratio:
3.0:2.0:1.0. The isomer shift and quadrupole
shift is 0.26+0.01 mm/s and 0.00£0.01 mm/s,
respectively. The vanishing quadrupole shift below
T~ comes from the summation of the quadrupole
interaction for random distributions of the
magnetic hyperfine field vector and the principal
axes of the electric field gradient tensor.

Figure 3 shows the FT-IR spectra of stearic

T
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Figure 3. FT-IR spectra of stearic acid (A), surface coated 1
Fe,O; nanoparticles (B) and naked ¥Fe,O; nanoparticles (C).
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acid (A), the surface coated 7-Fe;O; nano-
particles (B), and naked ¥-Fe,O; nanoparticle (C).
Stearic acid showed a strong absorption peak of
a carbonyl stretch band around 1700 cm™. This
obviously indicates the carboxylic acid group.
The strong bands at ~2850 and 2925 cm™
belong to methylene and methyl symmetric stre-
tching vibration, respectively.”® The surface
coated ¥-Fe,O; nanoparticles showed two peaks
around 1400 and 1525 c¢cm™ and no absorption
peak around 1700 cm™. This is interpreted as
the complexation between the dissociated
carboxylate and ¥-Fe,O: nanoparticle was formed
by electrostatic interaction. A broad peak around
3400 cm™ and the bands below 1000 cm™ was
due to surface hydroxyl groups and various Fe-O
stretching vibration, respectively.''**

Temperature-dependent magnetization plots at
1000 Oe for both the zero-field cooled (ZFC) and
the field cooled (FC) cases are shown in Figure 4.
At high temperatures about 100 K, FC and ZFC
magnetization data exhibit the same trend.
However, at low temperatures below 100 K they
significantly diverge. The FC curve at low tem-
perature increases monotonically with decreasing
temperature, whereas the ZFC curve passes
through a maximum around 70 K, which can be
associated with the blocking temperature.”® This
maximum is a characteristic of spin glass type
materials."**®* Magnetic particles of very small size
are known to mimic some of the properties of
spin glass materials and to exhibit blocking
temperatures.'®
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Figure 4. Magnetization versus temperature for the surface
coated ¥-Fe;O; nanoparticle at H=1000 Oe: (A) field cooled;
(B) zero field cooled (H=1000 Oe).
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Figure 5. The pressure-area isotherm of the surface coated
¥Fe;O; nanoparticle at the air/water interface (A). Hys-
teresis loop of the isotherms of the surface coated y-Fe,Os;
Langmuir monolayer at the air/water interface by com-
pressing and decompressing of barrier (B).

Figure 5A shows the pressure-area isotherm of
the surface coated ¥Fe,O; nanoparticles at the
air/water interface. This shows a successful
formation of Langmuir monolayer of the surface
coated 7FeO; nanoparticles at the air/water
interface. To deposite Langmuir monolayer onto
a solid substrate, we tested the stability of it at
the air/water interface within the surface pressure
of 20 mN/m by compression-decompression
hysteresis with barrier speed of 5 mm/min. Figure
5B shows the hysteresis loop of the surface
coated 7 Fe,O; nanoparticles at the air/water
interface. Even after repeating the compression-
decompression cycle five times, the hysteresis
characteristics of the Langmuir monolayer was
not changed. This shows that the Langmuir
monolayer is very stable at the air/water
interface below the surface pressure of 20 mN/m.
The surface coated 7y-Fe;O: nanocomposite LB
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Figure 6. Schematic drawings of LB deposition of the surface coated ¥Fe,0; Langmuir monolayer at the air/water interface
(A) and of the structure of the surface coated ¥Fe,O; nanocomposite LB film on a solid substrate (B).

films were prepared by transferring Langmuir
monolayer at 20 mN/m surface pressure onto
the solid substrates. Figure 6 shows schematic
drawings of LB deposition at the air/water
interface (A) and of LB film structure on a solid
substrate (B) of the surface coated y-Fe:Os nano-
composite film.

Figure 7 shows UV-vis spectra of the surface
coated y-Fe;O; nanocomposite LB film of 1, 2, 3,
4 and 5 number of layers and optical absorb-
ance versus deposited number of layers at
320 nm. The spectra shows a linear increase
of optical absorption density at 320 nm with
increasing deposition number of the layers of the
surface coated Y-Fe, O; nanocomposite film. This
is relatively correspondent with the fact that the
deposition was carried out with the transfer ratio
of around 1.0 of the Langmuir monolayer at the
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Figure 7. UV-vis spectra of the surface coated ¥Fe;O; LB
films of 1, 2, 3, 4 and 5 number of layers deposited at 20
mN/m surface pressure in the subphase of pure water.
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air/water interface to the quartz plates. The linear
increase of optical absorption versus the number
of deposited layers is consistent with the linear
increase of the number of surface coated y-Fe.Os;
nanoparticles.

Bulk yFe.O; is ferrimagnetic at room tem-
perature, but below a critical particle size it
becomes superparamagnetic and shows no
remanence or coercivity.”**? Figure 8A shows
magnetization as a function of applied magnetic
field of the surface coated y-FesO: nanocomposite
LB films with 100 layers at room temperature.
No hysteresis at room temperature indicates a
superparamagnetic behavior. Below the blocking
temperature, magnetic nanoclusters become
magnetically frozen. Magnetic moment of the
nanoclusters is fixed, and the remanence and
coercivity in the hysteresis loop appear on the
plot of magnetization as a function of magnetic
field."*1%% Magnetization plots at 20 K are shown
in Figure 8B for the ZFC case. Small hysteresis
loop which is symmetric about the center was
appeared.

The surface image of the surface coated
¥Fe.O; nanocomposite LB film was obtained
with SEM. The surface image of naked silicon
wafer (100) used as a solid substrate for the film
deposition was comparatively scanned before
deposition. Figure 9A shows SEM image of the
naked silicon wafer surface. The surface image of
the surface coated 7¥-Fe/O; nanocomposite 1B
film deposited 10 layers on the silicon wafer
is shown in Figure 9B. The homogeneous
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Figure 8. Magnetization versus applied field for the surface
coated ¥Fe,O; nanocomposite LB film of 100 layers at
room temperature (A) and low temperature (20 K) (B).

distribution of ¥Fe;O; nanoparticles in the films
are shown in SEM image.

Summary

The ¥-Fe:O; nanoparticles of 81+12 A
diameter were synthesized in aqueous solution
and successfully modified by stearic acid. The
very narrow size distribution of the surface
coated ¥-Fe.O; nanoparticles was observed and
the electrostatic interaction between ¥Fe,O;
nanoparticle and stearic acid was characterized
with FT-IR spectra. The superparamagnetic
property of the surface coated ¥-Fe;O:; nano-
particles and the LB film of the surface coated
¥-Fe:0; nanocomposite film was identified by
Méssbauer and VSM spectra. The nanocomposite
film of the surface coated ¥Fe.Q; nanoparticles
was successfully prepared with LB technique.
The linearly increased optical absorbance at 320
nm versus deposition number of layer in the LB
film indirectly shows that the formation of well-
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388nm

Figure 9. SEM picture of the surface of a naked silicon wa-
fer (100) (A) and the surface coated ¥-Fe;O; nanocomposite
LB film of 10 layers (B).

defined nanocomposite by LB technique is
accessible. The surface image of the LB film
showed well formed homogeneous distribution of
¥-Fe-Os nanoparticles in the nanocomposite film.
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