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Figure S1 XRD patterns of the pristine MXene, MF-1 and MF-2. 

Figure S1 shows the XRD patterns of the pristine MXene, MF-1 and MF-2. 

Additional peaks corresponding to the Fe3O4 phase are observed for both sample 

MF-1 and MF-2 compared with the pristine MXene, indicating the formation of the 

Fe3O4 during the hydrothermal process. 

 

 

 

Figure S2. SEM images of sample (a) MF-1 and (b) MF-2. 

Figure S2 shows the morphology of the MF-1 and MF-2. Only a few spherical 

nanoparticles are formed for sample MF-1 (Figure S2a), and the nanoflakes of 

Ti3C2Tx stack together to form relative thicker flakes. With increased amount of 

FeCl3·6H2O in the precursor, the Ti3C2Tx MXene is covered homogenously with 

raised content of nanoparticles with maintained layer structure. 
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Figure S3. Raman spectrum of sample MF-3. 

Figure S3 shows the Raman spectrum of the MF-3, the peak at 144 cm-1 

confirms the formation of anatase TiO2 during the hydrothermal process. The peaks at 

271 cm-1, 418 cm-1, and 606 cm-1 also suggest the formation of rutile TiO2
2-3. The 

peaks at 1340 cm-1 and 1570 cm−1 can be assigned to D and G bands of graphitic 

carbon4. 

 

 

 

Figure S4. (a), (b) HRTEM images of MF-3. 

Figure S4 shows the HRTEM images of MF-3, the lattice spacing of 0.25 nm and 
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0.29 nm can be assigned to the (311) and (220) planes of the Fe3O4. The lattice 

spacing of 0.48 nm corresponds to typical (0004) plane of the hexagonal structure of 

MXene, and the lattice spacing of 0.22 nm can be attributed to the (111) plane of the 

rutile TiO2. 

 

 

Figure S5. Electromagnetic parameters and loss tangent of the MF-1 and MF-2, 

including the (a) real part (ε′) and (b) imaginary part (ε″) of permittivity, (c) dielectric 

loss tangent (tanδe = ε″/ε′), (d) real part (μ′) and (e) imaginary part (μ″) of 

permeability and (f) magnetic loss tangent (tanδm = μ″/μ′). 

Figure S5 shows the permittivity and permeability of the MF-1 and MF-2. After 

the introduction of Fe3O4 nanoparticles, both ε′ and ε″ of the MXene/Fe3O4 samples 

become much smaller than those of the pristine MXene. With increased amount of 

Fe3O4, the ε′ of the MF samples decreases (Figure S5a and Figure 4a). In the lower 

frequency range from 2 to 10 GHz, both ε″ and tanδe of the MXene/Fe3O4 

nanocomposites show a decreasing trend with increased Fe3O4/MXene ratio (Figure 

S5b-c), while increasing trend of the ε″ and tanδe are observed with raised 

Fe3O4/MXene ratio in the higher frequency range from 10 to 18 GHz (Figure S5b-c). 
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The μ′, μ″ and tanδm of the MXene/Fe3O4 samples all show abrupt rise compared to 

those of the pristine MXene due to the introduction of the ferromagnetic Fe3O4 phase, 

and the tanδm increases slightly as the Fe3O4 ratio increases (Figure S5d-f). 

 

 

 

Figure S6. Hysteresis loops taken from the MF-3 and MF-3-A. 

Figure S6 shows the hysteresis loops of both sample MF-3 and MF-3-A. Both 

sample MF-3 and MF-3-A show excellent soft magnetic properties with small 

coercive force and residual magnetization. Sample MF-3-A possesses higher magnetic 

moment than that of the MF-3 resulted from the transformation of Fe3O4 to α-Fe with 

enhanced magnetization. 
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Figure S7. Reflection loss as a function of frequency for the (a) MF-1 and (b) 

MF-2 with different absorber thickness. 

The calculated reflection loss of both sample MF-1 and MF-2 are shown in 

Figure S7. The minimum RL of MF-1 is -35.2 dB at 14.8 GHz with the thickness of 4 

mm, and the minimum RL of MF-2 is -29.7 dB at 13.9 GHz with the thickness of 4.5 

mm. Dual peaks are observed in the RL curves in Figure S7 due to multiple possible 

coefficient which may satisfy the quarter-wavelength thickness relation5. 

We prepared additional sample using the same synthesis method of the 

Fe3O4/MXene without the addition of Fe3O4 (denoted as AM) and have measured the 

electromagnetic parameters to prove the effect of Fe3O4. The ε′, ε″ and tanδe of sample 

AM increase after the hydrothermal process but the ε′, ε″ and tanδe of sample MF-3 as 

its counterpart decrease, which should be mainly caused by the introduction of the 

Fe3O4 with large electrical resistivity (Figure S8). For the increased permittivity of 

MXene treated hydrothermally, on one hand, the amount of TiO2 formed during the 

hydrothermal process is considerably low that could not be detected by XRD. On the 

other hand, the newly formed TiO2 introduces more interfaces and correspondingly 

enhances interfacial polarization which accounts for higher permittivity. 
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Figure S8. Electromagnetic parameters and loss tangent of the pristine MXene, AM 

and MF-3, including the (a) real part (ε′) and (b) imaginary part (ε″) of permittivity, (c) 

dielectric loss tangent (tanδe = ε″/ε′).  

 

 

 

Figure S9. Reflection loss as a function of frequency for the (a) pristine MXene, 

(b) AM and (c) MF-3 with different absorber thickness. 

The RL curves of samples at given frequency and thickness are shown in Figure 

S9. The pristine MXene shows the minimum RL of only -4 dB at 11.5 GHz. The 

minimum RL of the AM is -1.5 dB at 7.1 GB, which is even worse than that of 

pristine MXene. The minimum RL of sample MF-3 has been improved to -46.7 dB at 

10.2 GHz with the absorber thickness of 5.5 mm. Thus the improvement of 

electromagnetic wave absorption properties of sample MF-3 should be mainly caused 

by the introduction of the Fe3O4. 
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Table S1. Electromagnetic wave absorption properties of 2D absorbing materials 

reported in recent years 

Filler Matrix 
RLmin 

(dB) 

Optimum 

thickness 

(mm) 

The 

effective 

bandwidth 

(GHz) 

Refs 

C/TiO2/α-Fe wax -45.1 1.5 3.5 

This 

work 

C/TiO2 wax −36 1.7 5.6 6 

MXene/TiO2 wax -48.1 1.85 2.8 7 

Ti3C2Tx wax -30 1.8 2.8 7 

ZnO-MXene wax -26.3 4.0 1.4 8 

Ti3C2Tx/CNTs wax -52.9 1.55 4.46 9 

Co2Z/Ti3C2 PVB -46.3 2.8 1.6 10 

Ti2CTx wax -54.1 4.5 1.1 9 

RGO/Fe3O4 wax -40 4.5 ~3 11 

RGO/ZnO wax -25.9 3 4.68 12 

RGO/MnFe2O4 PVDF -29 3 4.8 13 

RGO/Co wax -47.5 2 ~5 14 

G/Fe wax -31.5 2.5 4.7 11 

ZnO/RGO PDMS -27.8 4.8 4.2 12 
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