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S1: The details of conventional electromagnetic measurements

Microwave absorption properties were studied by mixing homogeneously the
epoxy resin (EP) with as-prepared samples in a weight ratio of 5:1, the reflection loss
of samples was measured through a portion of the composites coating an aluminum
substrate (180mm x 180mm) with a thickness of 2 mm, the remaining portion was
molded into the hollow pipe with dimensions of 3 mm x 7 mm x 2 mm to test complex
permeability and permittivity, the complex relative permittivity and permeability were
measured with an HP8510C vector network analyzer in the 2-18 GHz range. Derived
from transmission line theory, the reflection loss (RL) values were determined with

the following equations:
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Where Z;, is the input impedance of the absorber, u, and g, are the relative
permeability and permittivity, respectively. f is the frequency of microwave, c is the
velocity of light, d is the coating thickness of the absorber.


mailto:rcche@fudan.edu.cn

$2: More discussion about Electron holography

The quantitative information on the electrostatic and magnetic field for the material
could be obtained by off-axis electron holography with nanoscale resolution. The
phase shift of the electron wave through the material is sensitive to the mean internal
potential and in-plane magnetic induction. The accurate sideband position are
obtained by the Fourier transform. Based on the sideband, the hologram is inverse-
Fourier-transformed to get the phase change of the electron wave through the
sample. The phase change of the electron wave in the vacuum area outside the sample
is caused by the magnetic field on sample surface. During the course of the
experiment, the information of the sample thickness isn’t considered. Electron
holographic reconstruction map shows the stray magnetic field outer of the
nanospheres. The phase is described in one dimension ignoring dynamical diffraction

effects by
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Where z is the incident beam direction, x is a direction in the plane of the sample, B,
is the magnetic induction perpendicular to both x and z, Vis the mean inner potential,
Ais the wavelength and E and Eg are the kinetic and rest mass energies of the incident

electron, respectively.



$3. The analysis of XPS and FTIR spectrum

The PDA vesicle and Fe;0,4 core were verified by Fourier transform infrared (FT-IR). As
shown in Fig S, the strong peak at 576.7 cm™ corresponds to the Fe-O band. The
absorption peak at 1234.4 cm™ is the C-O stretching vibration and the band appearing
at 1504.4 cm-1 and 1606.7 cm-1 come from the C=C stretching vibration of the
aromatic ring. Meanwhile, XPS is used to analyze the composition of the material. Fig
shows the XPS spectra of Fe;0,/PDA vesicle nanospheres. The characteristic peak at
707.5 eV and 720.9 eV belong to the binding energy of Fe 2p3/2 and 2p1/2. There is
no satellite peak between the Fe 2p3/2 and 2p1/2 peak, showing the existence of
Fes0,.The peak at 399.08 was attributed to the N 1s from the PDA. These results

demonstrated that the Fe;0, core has been coated by PDA shell.

S4: discussion about magnetic loss tangent and dielectric loss tangent

For the composites consisting of magnetic core and dielectric shell, the absorption
property closely depends on the magnetic loss. Therefore, the magnetic loss tangents
(tan 6, = u"/W’) of the all samples are calculated (Fig S10). The magnetic loss tangent
stand for the attenuation capability of electric and magnetic energy. It was found that
the all samples exhibit similar increasing tendency in the range of 2-18 GHz, revealing
the strong microwave dissipation ability for the composites. Moreover, with the
elevated reaction time, the magnetic loss tangents correspondingly improved. The

tendencies of tan §, values from Fe;0,/PDA vesicle series are in accord with the



microwave absorption performances. In addition, the dielectric loss tangents (tan &, =
g"/€’) are calculated, the maximum values of tan &, for the five samples are 0.2682,
0.3625, 0.3819, 0.4170, 0.4418, and the tan &, are 0.5649, 0.6921, 0.5667, 0.5025,
0.5119, respectively. Generally, the excellent microwave absorptions are strongly
dependent on the efficient complementarities between the relative permittivity and
permeability. The EM impedance matching is more satisfied in the Fe;0,/PDA vesicle-5
compared to other samples, the Fe3;0,/PDA vesicle-5 exhibits ultra-wide
bandwidth(11.6 GHz) and strong absorption(-50 dB). The all results match the

variation tendency of performance consistently.

Fig S1. SEM images of Fe;0,/PDA vesicle Janus nanospheres at different reaction time.

(a) 2h, (b) 3h, (c) 5h, (d) 6h.
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Fig S2. (a) Frequency dependence of microwave RL curves of Fe30, nanospheres. (b)

3D representation of reflection loss (RL) values of Fe;04 nanospheres.

Optimal RL Frequency range Reference
Sample

(dB) (GHz) (RL < -10dB) s
FesO,@5Sn0, -22.6 10.0-12.2 1
Fes0,@TiO, -334 4.3-12.1 2
Fes0,@C -20.6 11.8-15.6 3
Fe304/GCs -32 5.4-17.0 4
y-Fe,0;@ C@ a-MnO, -41.7 7.48-16.66 5
Ni@void@SnO, -29.7 8.5-17.6 6
CoNi@SiO,@TiO, -58.2 7.7-13.2 7
Fe;O,@CuSilicate -23.5 3.5-13.9 8
NiO@graphene -59.6 12.84-16.72 9

Table S1. Microwave absorption performances of some core/shell composites.
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Fig S3. 3D representations of reflection loss (RL) values of a) Fe3;0,/C vesicles-1, b)
Fe30,./C vesicles-2, c) Fe30,/C vesicles-3, d) Fe;0,/C vesicles-4, e) Fe;0,/C vesicles-5.
f) Frequency dependence of microwave RL curves of the Fe;0,/C vesicles series at the

thickness (3.0 mm)
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Fig S4. Frequency dependence of the real and imaginary parts of complex permittivity
(€) and permeability (u) of the (a) Fes0,4, (b) Fes0,/PDA vesicles-1, (c) Fe;0,/PDA
vesicles-2, (d) Fe;0,/PDA vesicles-3, (e) Fe304/PDA vesicles-4, (f) Fe;0,/PDA vesicles-
5.
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Fig S5. Off-axis electron holograph of Fe;0,/PDA vesicle Janus nanospheres.
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Fig S7. 2D RL images of Fe30,/PDA vesicle-5 with the thicknesses from 2.0 to 5.0 mm
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Fig S8. XPS spectrum of the Fe;0,/PDA vesicle Janus nanosphere.
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Fig S9. FTIR spectrum of the Fe;0,/PDA vesicle Janus nanosphere.
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Fig S10. Frequency dependence of magnetic loss tangents and dielectric loss tangents
of the Fe;0,/PDA vesicle Janus nanosphere.
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