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Figures and Figure Captions

Figure S1. Selected-area electron diffraction (SAED) pattern of Fe3O4 hollow spheres (i.e., 

Fe3O4-HNs).

Figure S2. HRTEM image of the outer TiO2 shell on a single dual-shelled Fe3O4@TiO2 

hollow nanosphere (i.e., DS-Fe3O4@TiO2-HN).
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Figure S3. (a) TEM and (b-d) energy-dispersive X-ray spectroscopy (EDX) elemental 

mappings of a single Fe3O4 hollow sphere (i.e., Fe3O4-HN): (b) Fe, (c) O, and (d) combined.

Figure S4. (a) TEM and (b) EDX elemental mapping of a single Fe3O4@SiO2 hollow 

nanosphere (i.e., Fe3O4@SiO2-HN): (b) Fe, (c) O, (d) Si, and (e) combined.

Figure S5. (a) TEM and (b) EDX elemental mapping of a single Fe3O4@SiO2@TiO2 hollow 

nanosphere (i.e., Fe3O4@SiO2@TiO2-HN): (b) Fe, (c) O, (d) Si, (e) Ti, and (f) combined.



4

10 20 30 40 50 60 70 80

 TiO2

 Fe3O4

(b) 
(2

00
)

(0
04

)

(
53

3)(
44

0)

(
51

1)

(
42

2)

(
40

0)

(
22

2)
(

31
1)

(
22

0)

In
te

ns
ity

 (a
.u

.)

2 Theta (degree)

(
11

1)


(1

01
)

(a)

Figure S6. XRD patterns of (a) Fe3O4 hollow spheres (i.e., Fe3O4-HNs) and (b) dual-shelled 

Fe3O4@TiO2 hollow nanospheres (i.e., DS-Fe3O4@TiO2-HNs).   
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Figure S7. Nitrogen sorption isotherms and corresponding pore size distribution curve (inset) 

of DS-Fe3O4@TiO2-HNs.
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Figure S8. Hysteresis loops of (a) Fe3O4-HNs, (b) Fe3O4@SiO2-HNs, (c) 

Fe3O4@SiO2@TiO2-HNs, and (d) DS-Fe3O4@TiO2-HNs.
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Figure S9. TEM images of (a) Fe3O4-HNs, (b) Fe3O4@SiO2-HNs-40-20, (c) 

Fe3O4@SiO2@TiO2-HNs-40-20-20, and (d) DS-Fe3O4@TiO2-HNs-40-20-20.
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Figure S10. TEM images of (a) Fe3O4-HNs, (b) Fe3O4@SiO2-HNs-40-20, (c) 

Fe3O4@SiO2@TiO2-HNs-40-20-60, and (d) DS-Fe3O4@TiO2-HNs-40-20-60.
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Figure S11. TEM images of (a) Fe3O4-HNs, (b) Fe3O4@SiO2-HNs-40-40, (c) 

Fe3O4@SiO2@TiO2-HNs-40-40-40, and (d) DS-Fe3O4@TiO2-HNs-40-40-40.
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Figure S12. TEM images of (a) Fe3O4-HNs, (b) Fe3O4@SiO2-HNs-40-60, (c) 

Fe3O4@SiO2@TiO2-HNs-40-60-40, and (d) DS-Fe3O4@TiO2-HNs-40-60-40.
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Figure S13. Dielectric Cole-Cole semicircles of DS-Fe3O4@TiO2-HNs.
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Figure S14. Frequency-dependent eddy current loss plot of DS-Fe3O4@TiO2-HNs.
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Table S1. Summary of microwave absorption properties of the state-of-the-art absorbers

Types of absorber Thickness 

(mm)

Reflection 

loss 

minimum,

RLmin (dB)

Effective 

bandwidth 

(< −10 dB)

(GHz)

Frequency 

range

(< −10 dB)

(GHz)

Refs.

RGO/Fe3O4/Fe 4 -23.09 3.9 7.4-11.3 2 (2016)

Fe3O4/C 2 -20.60 3.8 11.8-15.6 3 (2014)

Fe3O4/CuSilicate 2 -23.50 10.4 3.5-13.9 4 (2013)

CoNi/SiO2/TiO2 2.1 -58.20 8.1 8-16.1 1 (2016)

RGO/Fe3O4 2 -15.38 2.8 10.4-13.2 5 (2013)

CoFe2O4/RGO 2.8 -57.70 5.8 8.3-14.1 6 (2018)

Carbon/ Fe3O4 1.6 -32.00 2 10.5-12.5 7 (2015)

FeCo/C/CoFe2O4 6 −25.80 7.2 10.8-18 8 (2016)

DS-Fe3O4@TiO2-HSs 1.8 −60.17 10.5 7.5-18 This work
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