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Magnetic liposomes are spherical vesicles containing magnetic particles. Their practical interest
relies in their potential use as \intelligent" drug delivery systems, with magnetic driving or targeting
possibilities. In the presence of a �eld, the vesicles become magnetized and interact. A strong
interaction leads to aggregation and could in extreme lead to undesirable clogging in physiological
conditions. We investigated the formation of chain aggregates in liposome dispersions in the presence
of magnetic �elds by light scattering measurements. Data analysis showed that aggregation number
increased linearly with elapsed time, as for ordinary isotropic colloid di�usion limited aggregation.
The rate of aggregation increased with the �eld also linearly for low �eld strengths, and saturates
at higher �elds. These results are in contrast with measurements for the pure magnetic 
uid, i.e.,
non-encapsulated magnetic particle dispersions.

I Introduction

Liposomes have been used as a means to carry and pro-

tect drugs even in harsh body environments as through

gastrointestinal 
uids. The ability to deliver encapsu-

lated molecules only at �nal target increases eÆciency

while at the same time reduces collateral e�ects. As
a further step in drug delivery research, magnetic par-

ticles were incorporated into liposomes in such a way

that use of magnets could guide or localize the �eld-

responsive vehicles [1], [2]. As another issue in anti-
cancer research, magnetic particles or liposomes were

tailored to target cancer cells, and the application of

an AC magnetic �eld caused cell death by thermolysis

[3].

The behavior of aqueous dispersions of magnetic li-

posomes under a magnetic �eld has the complexity typ-
ical of nanostructured materials. Transient phenomena

range from the microsecond orientation of individual

magnetic grains and vesicle deformation up to their

macroscopic aggregation. The latter phenomena may

take up hours to grow depending on a broad range of
physico-chemical parameters such as �eld strength and

concentrations of vesicles and magnetic material. The

understanding of aggregation dynamics is relevant to

the determination of eÆcient concentration of vesicles,
as well as to the control of clogging in thin arteries. The

problem of aggregation under a �eld is itself a chal-

lenging problem of non-equilibrium statistical physics

that remains mostly undisclosed. Non-universal cluster

time-size scaling for di�usion limited aggregation has

been proposed [4] but scarcely veri�ed outside isotropic
models. Anisotropic aggregation is expected for dipo-

lar interactions as those prevailing in magnetic 
uids.

Magnetic 
uids have on their side been classi�ed as fer-

ro
uids or magnetorheological 
uids according respec-
tively to the ferromagnetic or paramagnetic nature of

their dispersed particles [5]. Field-induced aggregation

in magnetorheological 
uids is expected since the in-

teraction energy between two magnetic particles is pro-

portional to the square of the induced magnetic mo-
ments. The dipolar nature of the interaction strongly

favors the formation of strings of particles. In a latter

stage, columns made of string aggregates have been also

reported. This interesting phenomenon has long at-
tracted attention from experimenters (for example [6],

[7]) and has been studied with the help of model simu-

lations ([8], [9]), or mean �eld theories ([10], [11]). Pre-

viously, we reported investigations on ferro
uid �eld in-

duced aggregation [12]. Here, we investigated the time
evolution of aggregation (mean aggregation number) in

a magnetorheological 
uid composed of an aqueous dis-

persion of ferro
uid-containing liposomes, since the ap-

plication of a magnetic �eld.
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Similar experiments were performed by Ha-
genb�uchle and Liu [7] on ferro
uid emulsions of 466nm
droplets at lower concentrations, and by Fermigier and
Gast [6] on 1.5�m paramagnetic latex spheres, both
at lower �eld strengths. Their results contrast to the
ones reported here in two aspects. First, a stronger
(quadratic) �eld dependent rate was reported. This
may be related to their measurements being done well
below saturation magnetization. They have also ob-
served non-linear growth N � tz with z � :4 to .8.
It is observed that this power increases with both vol-
ume fraction and interaction parameter �. Clearly, fur-
ther measurements at broader �eld strengths and dif-
ferent concentrations should be pursued to clarify these
points.

Finally we note that the magnetic liposome disper-
sion aggregation properties are in strong contrast to
a pure ferro
uid dispersion of same magnetic content
[12]. First, the ferro
uid grows non-linearly (z > 1),
i.e., cooperative e�ects are more important in these
systems, increasing the growth rate as aggregates get
bigger. Second, liposomes grow much faster, since par-
ticles are already condensed inside the vesicles from the
beginning.
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