
MAGNETIC NANOPARTICLES RING FORMATION AND DYNAMICS

Jan MASAJADA1*and Marcin BACIA1

1 Institute of Physics, Wroclaw University of Technology, Wroclaw, 50-370, Poland

*Corresponding author: jan.masajada@pwr.wroc.pl

Abstract
The holographic optical tweezers were used to show the
interaction between strongly focused laser beam and
magnetic nanoparticles in ferrofluid. When the light
intensity was high enough magnetic nanoparticles were
removed from the beam center and formed a dark ring.
The same behavior was observed when focusing the
vortex or Bessel beams. The interactions between two or
more separated rings of magnetic nanoparticles born by
independent optical traps were also observed.

1 Introduction
Ferrofluids are colloidal suspensions of magnetic

particles having size about 10nm dispersed into liquid
(organic or water) [1, 2]. The magnetic particles are coated
with a surfactant to inhibit their aggregation and
sedimentation. Ferrofluids have both liquid and magnetic
properties, which are useful for various applications.

Optical tweezers are used for optical manipulation of
micro and nano objects [3]. Holographic optical tweezers
[4, 5] allows for creation of few tens of optical traps within
the area of tightly focused laser beam. The traps can be
moved independently in x-y-z direction. Different kind of
traps (light, dark, Bessel) can be generated simultaneously.
Figure 1 shows scheme of the holographic optical tweezers
made in our laboratory. It is based on inverted biological
microscope Olympus IX71. The spatial light modulator
Holoeye-Pluto was used for optical traps generation. We
used: laser diode 980nm with the output beam power up
to 300mW. We have used beam power up to 70-100mW
(measured before the microscope objective lens). The beam
was focused with immersion objective Olympus UPlanFL
N 100x/1.30 Oil with NA=1.3. The focused spot had radius
2m. The images of the sample were taken under white
light illumination. We used halogen projection lamp made
by Philips (type 7023).

The optical tweezers have been already used for
nanofluids investigations (see [6] for references). The light
action on the ferrofluids was also described in [7-9]. In
paper [10] we reported on the new phenomenon
discovered when investigating the ferrofluids with the
holographic optical tweezers. The advantages of the
holographic system are high energy density and the
possibility to work with many different optical traps in the
same time. We showed that when the light energy density
is strong enough the magnetic nanoparticles are organized
into a ring. The central part of the ring becomes
transparent (the ferrofluid transparency is low). In

multitrap mode each trap generates its own ring and these
rings interact with each other in a complicated way.

Figure 1. Optical tweezers scheme. The optical traps were
created and controlled by the spatial light modulator (LCSLM).
Images were taken by camera under white-light illumination

2 Sample results
We have observed the process of dark ring formation

using fast camera (Microtron Inspecta MC1362) with a
frame rate 3000fps. The ring formation appears to be very
fast, because it cannot be observed even with mentioned
frame rate. Time separation between frames was about
330µs and still the whole process was taking place in time
when the two successive frames were captured (Fig. 2).

Figure 2. Three successive frames from a movie showing flash
ring formation (f on the picture is frame number)

Another interesting feature was a light tail emerging
from the dark ring (Fig. 3). The stronger laser beam was
used the more often such a tail was observed. The rings
were associated with a stream of nanoparticles which was
particularly strong inside a bright tails.
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Figure 3. Illustration of nanoparticles transport in the ring
neighbourhood areas

Adding more traps results in similar effects. The central
part of each trap becomes transparent. The transparent
areas are encircled by a dark ring of magnetic
nanoparticles Fig. 4

Figure 4. Three traps create three rings of magnetic
nanoparticles. The rings interact with each other

The dark rings are joined with the curved bright lines.
These connecting lines were always observed when two or
more bright spots were generated. We also observed
dynamical reconfiguration of the bright lines when
moving the optical trap

It is interesting that by moving the optical trap we could
join and separate bright spots in a smooth way. The
experiment has also showed that the dark rings geometry
was changing with the geometry of the laser spot; Figure 5

In our presentation we plan to show more experimental
results on the specific behavior of magnetic nano-particles
in the strong laser field

3 Conclusions
We reported on the new phenomenon in ferrofluids

observed with holographic optical tweezers equipped with
fast video camera. The physical mechanisms that are
responsible for these effects are difficult to interpret. What

we could claim is that the trapping effects play a
significant role in the observed phenomena. The two
others groups of effects which are reported in papers
devoted to dynamics observed in ferrofluids: are thermal
effects and intermolecular interactions. All these effects are
mutually related and the whole picture becomes
complicated. At the present stage we do not offer any clear
physical model for the observed effects. Our main goal
was to communicate these interesting phenomena to a
wider scientific audience.

Figure 5. Trap overlapping experiment. a) two overlapping traps
of different power formed the single bright spot; b-d the trap of
smaller power was shifted left.
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