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Response of self-assembly for magnetite nanocrystal in

magnetic fluid under an applied magnetic field
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The response time and transmittivity of the magnetic fluid (MF) for different concentrations at room
temperature were investigated in this letter. The volume fraction of the investigated sample ranged from
0.44% to 6.47%. It was found that the transmittivity decreased with increasing concentration under a
given magnetic field, and the evolution time was changed with different concentrations. Moreover, the
light intensity decreased rapidly at the beginning and then became stable when the magnetic field was
applied.
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With the development of nanoscale technology and mate-
rial science, the quality of magnetic fluid (MF) has been
improved. This makes the MF have better optical prop-
erties. Most investigations concentrated on the magnetic
birefringence and magneto-optical properties of the MF,
which have been studied for more than a decade. Be-
cause the MF possesses the magnetism features of solid
ferromagnetic matter and fluid behavior of liquid mat-
ter, it exhibits unique optical properties, for example,
refractive index tunability[1−3], magnetochromatics[4,5],
magneto-optic effect[6−15] etc. Based on these opti-
cal properties, many MF-based photonic devices can be
made. Recently, applications of MF to photonic devices
such as MF light modulator[16], MF optical switch[17,18],
MF grating[19] etc. have been proposed by some re-
searchers. The photonic devices that based on magnetic
fluid have the advantages of low cost, low power, un-
tangent, and easy to be tuned by external field. The
response time of the MF based device is essential, if the
response time is too long, it cannot meet the need of
fast modern optical information technology. It is worth
noting that Pu et al. and Yang et al. have investigated
the response time depends on the magnetic field[20,21].
We found that the experimental data of their reports
were not accurate because the response time of magnetic
field was not considered. In this letter, we studied the
dependence of the response time on the concentration at
the room temperature. Much faster response time was
achieved by our experimental approach.

The schematic of experimental setup is shown in Fig. 1.
A semiconductor laser with a wavelength of 650 nm serves
as a light source and the electromagnet is controlled by
signal generator. Compared with Ref. [20], the response
time of the electromagnet made by ourselves decreased
from 300 to 40 ms which should be more precise. The
investigated MF was water-based Fe3O4 and was sealed
in a square cell 5.6 µm thick. It is well known that
self-assembly will happen within the MF when applied
magnetic field, which will scatter the light strongly. Ac-

cording to this, we can detect the response time by
observing the variation of the light intensity as the ex-
ternal field switching-on or off. Silicon PV converts the
light intensity to electric signal which is amplified via
a amplifier so that can be observed from the oscillo-
graph, and the magnitude of magnetic field is probed by
Gauss meter. The concentration-dependent light inten-
sity shown in Figs. 2(a) and (b) for the magnetic field
strength of 650 Oe are the processes when turn on and off
the magnetic field respectively. It is observed from the
graphs that the variation of the intensity increases with
concentration because the higher concentration leads to
the less area of the liquid phase under fixed applied mag-
netic field. In a word, the transmissivity decreased as
the concentration raised.

We can find that when the external magnetic field is
turned on or off, it needs some time for the transmitted
light intensity to reach the final steady value which is
called the corresponding falling or rising response time.
In this letter, we calculated the response time when light
intensity dropped to or moved up to the half of the total
variation.

Figure 3 depicts the falling response time as a func-
tion of the concentration. We find that the falling re-
sponse time first increases and then decreases with the

Fig. 1. Schematic of experimental setup for measuring the
response time of MF assembly.
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Fig. 2. Light intensity as function of time for MF sample
with different particle volume fractions. (a) and (b) are the
processes when turn on and off the magnetic field respectively.

Fig. 3. Response time τfall versus the concentration.

Fig. 4. Response time τrise versus the concentration.

concentration. The response time ranges from 10 to 28
ms when the concentration varies from 0.44% to 6.47%.

The rising response time of the sample as a function of
concentration is plotted in Fig. 4. Obviously, the rising
response time increases with the concentration and then
tends to stable. The response time ranges from 10 to 18
ms when the concentration varies from 0.44% to 6.47%.

When applying the parallel magnetic field, the mag-
netic moment of the particles rotates to the direction
of the external field and particles have to overcome the
Brown motion to aggregates. Particles will be dispersed
without magnetic field so the intensity ascend faster than
descend. These phenomenas coincide with the experi-
mental results as shown in Figs. 2(a) and (b). In Fig. 3.
there are two main factors to determine the agglom-
eration or dispersion process, magnetic attraction and
thermal agitation. During the falling relaxation process,
magnetic energy of the particles per unit area increases
with concentration, which is comparable to thermal en-
ergy when the concentration is low. So it costs more time
to agglomerate when the concentration increases from
0.44% to 1.08% (volume concentration). The magnetic
energy per unit area is much larger than thermal energy
when the concentration is relatively high, and then the
agglomeration factor is dominant over the disperse one,
hence, the falling response time is more shorter when
the concentration above 1.08%. By analyzing the curve
shown in Fig. 4, the system has more difficulty to resume,
in other words, under the same temperature, the higher
concentration has more particles per unit area which need
more time to get to the initial state because the particles
have more collision times with higher concentration.

Although the response time of the electromagnet made
by ourselves now decreases from 300 to 40 ms, the time
to establish the eventual magnetic field is relatively long,
so that the measured response time may not very accu-
rate. In further study, we will adopt an electromagnet
with lower establishing time.

In conclusion, response time depends on the concen-
tration under the fixed temperature and magnetic field
are investigated. The falling response time ranges from
10 to 28 ms when the concentration varies from 0.44%
to 6.47%, while the rising response time ranges from 10
to 28 ms when the concentration varies from 0.44% to
6.47%. Response time can be modulated by choosing
MF with appropriate concentration. But MF with higher
concentration will exhibit higher loss and lower concen-
tration leads to lower contrast for the transmission light,
so that concentration of MF should be carefully chosen
to meet the appropriate requirement of practical applica-
tions. Besides MF concentration, the response time of the
MF may depend on other parameters, for example, the
kind, size, and temperature of the magnetite nanocrystal.
Further study will focus on their influences on response
time for self-assembly process under an applied magnetic
field.
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