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Introduction

Magnetic nanoparticles have recently attracted a great
deal of attentions due to a number of potential applications
such as MRI contrast agents, magnetic separation, nonvola-
tile memory devices or magnetic cards as well as a funda-
mental scientific interest." The effective use of magnetic
nanoparticles in a given application is based on two impor-
tant factors: the inherent properties of nanoparticles (mag-
netization, size, etc.) and the ability to tailor their adsorbed
amount onto the substrates. It has been reported by several
research groups that high temperature decomposition of
iron precursors in the presence of capping ligands can
induce the high quality particles with facile size control,
size uniformity and crystalline in comparison with more tra-
ditional coprecipitation/dextran methods* or the reduction
method in aqueous solution.” These nanoparticles obtained
from thermal decomposition can be well dispersed in non-
polar solvent due to hydrophobic property of the used stabi-
lizers. Additionally, the particles with negatively charged
stabilizers can allow the multiple depositions® (i.e., layer-
by-layer assembled deposition) between particles and oppo-
sitely charged components and resultantly can enhance the
intensity of their inherent properties such as magnetization.
However, to the best of our knowledge, the facile and effi-
cient method fully satisfying these two factors has not been
introduced up to date.

Herein, we introduce the novel and simple method for the
fabrication of magnetic nanocomposite multilayers, includ-
ing the high quality j~Fe,O; nanoparticles (MP) by thermal
decomposition method and allowing the tailored magnetic
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properties. 2-bromo-2-methylpropionic acid (BMPA)-stabi-
lized MP in toluene solvent was prepared by exchanging
oleic acid with BMPA after initially synthesizing the oleic
acid-stabilized MP (OA-MP). The bromo (-Br) groups of
BMPA-MP can be covalently bonded with amine (-NH,)
groups.” Based on this high affinity, it is demonstrated that
the magnetic nanocomposite multilayers can be fabricated
using BMPA-MP dispersed in toluene and poly(allyamine
hydrochloride) (PAH) in water.

Results and Discussion

Using the covalent-bonding between bromo and amino
groups, LbL assembly of BMPA-MP (1043 nm) and PAH
was performed on the quartz substrates, and the growth of
multilayers was monitored by UV-vis spectroscopy. The
uniform growth of the absorbance peak at 250 nm (due to
BMPA-MP) indicates that the adsorbed amount of BMPA-
MP per bilayer is regular, demonstrating the PAH/ BMPA-
MP multilayer growth.

Quartz crystal microgravimetry (QCM) measurements
were also conducted to quantify the adsorbed amount of
PAH and BMPA-MP in the multilayer films. Based on the
mass changes calculated from the frequency changes, the
alternate deposition of PAH and BMPA-MP results in —AF
of 9+ 1 (Am of ~ 159 ng-em™) and 36 + 2 Hz (Am of ~ 636
ng-cm™ and number density of nanoparticles ~ 3.26x10'/
cm?), respectively. Although it was reported that water-solu-
ble octakis components could be used as a stabilizer exchange
of OA-MP through phase transfer method,® the transfer rate
from OA-MP to octakis-MP is relatively very low. This phe-
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Figure 1. UV-vis absorption spectra of (PAH/BMPA-MP), mea-
sured with increasing the layer number (n) from 1 to 10. The
inset shows the change in absorbance (at 250 nm) as a function of
bilayer number.
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Figure 2. (a) Frequency change of BMPA-MP/PAH multilayers.
In this case, mass change per unit area was calculated from fre-
quency change. AF (Hz) = -56.6xAm,, where Am, is the mass
change per quartz crystal unit area in ng-cm™. The inset indicates
the TEM image of BMPA-MP dispersed in toluene. (b) The tilted
SEM image of (PAH/BMPA-MP),, multilayers.

nomenon resultantly yields the diluted nanoparticle solution,
and furthermore the water-soluble MP needs the minute pH
control for optimizing the surface charge density of octakis-
MP. In general, the surface charge density has a significant
effect on the dispersion stability and adsorbed amount of
nanoparticles in water solvent (i.e., well-dispersion and low
adsorbed amount at high surface charge density and on the
other hand, poor-dispersion and high adsorbed amount at
low surface charge density). The formation of (PAH/BMPA-
MP),, multilayers was further characterized by scanning
electron microscopy (SEM). As shown in Figure 2(b), the
magnetic nanocomposite multilayer is highly uniform with
the root-mean surface roughness of about 2 nm (also mea-
sured from atomic force microscopy).

Based on these results, we investigated the magnetization
of (PAH/BMPA-MP), multilayers with increasing bilayer
number (n). The magnetization curves of the (PAH/BMPA-
MP),—s .na 10 multilayers were completely reversible without
coercivity, remanence and hysteresis, indicating the super-
paramagnetic behavior. It should be also noted that the regu-
lar increase of saturated magnetization as a function of
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Figure 3. Magnetization curves of (PAH/BMPA-MP), s 4 10 multi-
layers measured from vibrating sample magnetometer.

bilayer number is linearly proportional to the total amount
of adsorbed BMPA-MP within multilayers and therefore, in
the case of the magnetization per gram of adsorbed nano-
particles (data not shown), there was almost complete con-
cord among magnetization curves measured by two
different multilayers.’

These results imply that magnetic coupling of nanoparti-
cles between adjacent layers is strongly dependent on the
long-range magnetostatic interactions during the build-up of
multilayers although the magnetic properties of densely packed
BMPA-MP in plane are affected by the short-range electron
exchange as well as long-range magnetostatic interactions.

In summary, we have demonstrated that the highly uni-
form (toluene-soluble BMPA-MP/water-soluble PAH), multi-
layers could be fabricated through the covalent bonding
interaction between -Br and -NH, groups, allowing the tai-
lored magnetic property. We highlight that the hydrophobic
nanoparticles with various functionalities can be assembled
into 3D nanostructures through covalent interaction.
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