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Abstract
To enable reliable quantification of magnetic nanoparticles, new methods for preventing interaction of particles with
their physiological environment are necessary. An innovative approach are SMART RHESINs, where conventional
nanoparticles are encapsulated in hollow nanospheres. Here, a detailed study on Perimag® based SMART RHESINs
has been performed utilizing critical offset magnetic particle spectroscopy (COMPASS) to show that the influence
of the surrounding medium, which was varied in viscosity, on the particle system can be suppressed using SMART
RHESINs.

I. Introduction
Magnetic particle imaging (MPI) is an emerging imaging
modality based on magnetic nanoparticles (MNP) as a
tracer with important features to further develop medical
diagnostics and treatment [1]. One of them is the possi-
bility of quantifying the iron content of the tracer due to
its linearity with the particle signal [2]. However, for fu-
ture human application quantification is challenging due
to the interaction of the particles with their physiologi-
cal surroundings. This change of their physiochemical
properties can destroy the linearity of signal strength and
iron content [3] and significantly change their relaxation
[4]. An innovative approach to avoid this is to encapsu-
late MNP tracers in a polymer nanosphere enabling a

superparamagnetic magnetite architecture made of phe-
nolic resin hollow spheres (SMART RHESIN), which addi-
tionally can be coated with luminescent Eu(III) complex-
containing silica nanoparticles [5]. Here, we show a com-
parison of conventional and encapsulated Perimag® (Mi-
cromod GmbH, Germany) for different viscosities of sur-
rounding media. This is done using the novel method
critical offset magnetic particle spectroscopy (COMPASS)
that is highly sensitive towards changes of the particle
mobility and thus their relaxation behavior, which makes
the method excellently suited for distinguishing the be-
havior of MNP for varying viscosities of their environ-
ment [6].
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Figure 1: Structure of SMART RHESINs. b) portable COMPASS
measurement device.

Figure 2: a) exemplified CP-fingerprint pattern of the 5t h har-
monic of SMART RHESINs with 10% of glycerol. It depicts
the derivative of the phase of the complex signal spectrum in
HD C -direction. b) Shift of two CPs (5t h and 6t h harmonic) in
HD C -direction relative to the sample containing 10% glycerol
at HAC = 18.4 mT for SMART RHESINs and Perimag®.

II. Materials and methods

To fabricate hollow nanospheres (SMART RHESIN)
based on a soft-templating technique, 27 mg sodium
oleate (SO), 17 mg Pluronic P123 ((HO(CH2CH2O)20-
(CH2CH(CH3)O)70(CH2CH2O)20H)) and 588 µL MNP so-
lution (Perimag®) were blended and filled up with deion-
ized H2O to a final volume of 7 mL. The solution was
mixed with 69 mg 2,4-dihydroxybenzoic acid (DHB) and
56 mg hexamethylenetetramine (HMT) dissolved in 22
mL deionized H2O to produce an emulsion. In a mi-
crowave vessel and under hydrothermal condition (150
◦C), HMT decomposed to formaldehyde and ammonium.
Afterwards, the formaldehyde product polymerized with
DHB on the surface of the emulsion droplets, yielding
hollow polymer nanospheres containing MNPs, which is
outlined in figure 1a).

The method of choice to demonstrate the shielding of
MNP from the environment by SMART RHESINs is COM-
PASS. It extends conventional magnetic particle spec-
troscopy (MPS) by adding an offset field (HD C ) to the
oscillating field (H AC ). This leads to the occurrence of
critical points (CP) in the phase of the higher harmonics
of the complex COMPASS spectrum at specific combina-
tions of H AC and HD C . CPs are characterized by a steep

change in phase. Especially the CP positions are very
sensitive towards changes of the MNP mobility, which is
significantly influenced by the viscosity of surrounding
media. The COMPASS measurement device shown in fig-
ure 1b) is very small and thus, it even fits into a portable
case.

III. Results and discussion

Here, the CP positions of Perimag® and Perimag® in
hollow nanospheres from the same batch are compared.
Two sample series with glycerol content varying from 10
to 50% in volume and constant iron content were pre-
pared and COMPASS measurements over a range from 0
mT to 23 mT for H AC and HD C were performed.

By looking at selected CP of the 5t h and 6t h harmonic,
it is visible that their positions change significantly with
increasing glycerol content for Perimag®, while it only
shows small variations for the encapsulated Perimag®
particles. This qualitative comparison suggests that the
relaxation and thus the mobility of the SMART RHESIN
particles is less affected by viscosity changes than free
Perimag® in suspension.

IV. Conclusion

Using the novel COMPASS measurement technique, it
can be shown that shielding of MNP against influences of
their environment can be achieved by surrounding MNP
with a hollow nanosphere. This was demonstrated on the
example of Perimag® based SMART RHESIN and by vary-
ing the viscosity of the medium with a glycerol water mix-
ture. The results have shown that a significant change in
the CP position, the characteristic measurement parame-
ter of the COMPASS method with high sensitivity towards
the particle mobility, only occurs for free Perimag® par-
ticles. In contrast, this parameter was less influenced for
SMART RHESIN particles based on Perimag®.
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