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S1 Supplementary Calculation Section 

According to the transmission line theory, the values of RL are calculated via the following 

equations [1]:  

𝑅𝐿(dB) = 20log |
𝑍𝑖𝑛−𝑍0

𝑍𝑖𝑛+𝑍0
|       (S1) 

𝑍𝑖𝑛 = 𝑍0√
𝜇𝑟

𝜀𝑟
tanh [𝑗

2𝜋

𝑐 √𝜇𝑟𝜀𝑟𝑓𝑑]     (S2) 

where Z0 is the impedance of free space, Zin is the normalized input impedance of the absorber, 

εr (εr=ε’ −jε’’) is the relative complex permittivity of the absorber, μr (μr=μ’ −jμ’’) is the 

relative complex permeability, f represents the electromagnetic wave frequency, c is the 

velocity of the EM wave in free space, and d expresses the thickness of the absorber, 

respectively. 

According to Debye dipolar relaxation (Cole-Cole model), the permittivity can be described 

as [S2]:  

𝜀𝑟 = 𝜀′ − 𝑗𝜀′′ = 𝜀∞ +
𝜀𝑆−𝜀∞

1+𝑗2𝜋𝑓𝜏
      (S3) 

where τ, εs, ε∞, and f stands for the polarization relaxation time, static permittivity constant, 

relative dielectric permittivity at the infinite frequency, and frequency, respectively. And the ε′ 

and ε′′ can be deduced as follows: 

ε′ = 𝜀∞ +
𝜀𝑆−𝜀∞

1+(2𝜋𝑓𝜏)2
        (S4) 

ε′′ = 𝜀∞ +
2𝜋𝑓𝜏(𝜀𝑆−𝜀∞)

1+(2𝜋𝑓𝜏)2
        (S5) 

(𝜀′ −
𝜀𝑆+𝜀∞

2
)
2

+ (𝜀′′)2 = (
𝜀𝑆−𝜀∞

2
)
2

         (S6) 

The attenuation constant α can be evaluated through the following equation [S3]:  
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α =
√2𝜋𝑓

𝑐
×√(𝜇′′𝜀′′ − 𝜇′𝜀′) + √(𝜇′′𝜀′′ − 𝜇′𝜀′)2 + (𝜇′𝜀′′ + 𝜇′′𝜀′)2  (S7) 

Delta values (|Δ|) can be deduced by the following equations [S2],  

|Δ| = |sinh2(𝐾𝑓𝑑) − 𝑀|      (S8) 

where K and M can be determined by the relative complex permittivity and permeability via 

following equation, 

K =
4𝜋√𝜇′𝜀′⋅sin(

𝛿𝑒+𝛿𝑚
2

)

𝑐⋅cos𝛿𝑒⋅cos𝛿𝑚
      (S9) 

M =
4𝜇′𝜀′cos𝛿𝑒cos𝛿𝑚

(𝜇′cos𝛿𝑒−𝜀′cos𝛿𝑚)2+[tan(
𝛿𝑚
2
−
𝛿𝑒
2
)]
2
(𝜇′cos𝛿𝑒+𝜀′cos𝛿𝑚)2

   (S10) 

S2 Supplementary Figures and Tables 

 

Fig. S1 The digital photographs of a Nb5+-gluconate precursor and b foamed ov-Nb2O5/CNS 

 

Fig. S2. The scanning electron microscope (SEM) images of a Nb5+-gluconate precursor at 

20 °C, b melted Nb5+-gluconate precursor at 100 °C, and c foamed intermediates with closed-

cell structures at 200 °C 
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Fig. S3 Thermogravimetric analysis (TGA) curves of a-Nb2O5/CNS, ov-Nb2O5/CNS, c-

NbC/CNS, and wc-NbC/CNS composites under an air atmosphere 

Fig. S4 SEM images of a a-Nb2O5/CNS, b ov-Nb2O5/CNS, c c-NbC/CNS, and d wc-NbC/CNS 

composites 

 

Fig. S5 X-ray energy-dispersive spectroscopy (EDS) images of ov-Nb2O5/CNS 

 

Fig. S6 a N2 adsorption/desorption isotherms and b corresponding QSDFT pore-size 

distribution curves of a-Nb2O5/CNS, ov-Nb2O5/CNS, c-NbC/CNS, and wc-NbC/CNS 

composites 

The reduction of Nb2O5 by the carbon skeleton and the subsequent growth of NbC crystals 

results in the generation of a greater number of mesopores. This phenomenon is evidenced by 

the N2 adsorption/desorption isotherms of c-NbC/CNS and wc-NbC/CNS composites, which 

display an enlarged hysteresis loop at higher relative pressures (P/P0 of 0.4-0.99). 
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Fig. S7 XPS survey spectrum of a-Nb2O5/CNS, ov-Nb2O5/CNS, c-NbC/CNS, and wc-

NbC/CNS composites 

Fig. S8 Reflection loss contour maps and corresponding curves of a,e a-Nb2O5/CNS, b,f ov-

Nb2O5/CNS, c,g c-NbC/CNS, and d,h wc-NbC/CNS composites 

 

Fig. S9 Dielectric loss factor (tanδε) of a-Nb2O5/CNS, ov-Nb2O5/CNS, c-NbC/CNS, and wc-

NbC/CNS 
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Fig. S10 2D delta (|Δ|) value maps of a-Nb2O5/CNS 

Fig. S11 Structures of a Nb2O5–carbon and b NbC–carbon configurations 

Fig. S12 Structures of a perfect Nb2O5 and b oxygen-vacancy Nb2O5 configurations 
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Fig. S13 a Comprehensive and b-e individual Cole-Cole plots of a-Nb2O5/CNS, ov-

Nb2O5/CNS, c-NbC/CNS, and wc-NbC/CNS 

Fig. S14 The digital photographs of ov-Nb2O5/CNS-cyanate plate with a size of 22.9 mm×10.2 

mm×2 mm 

 

Fig. S15 The detailed reflection losses curve of ov-Nb2O5/CNS-cyanate plate 
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Fig. S16 Thermal infrared images of ov-Nb2O5/CNS-cyanate plate on a heating platform 

(160 °C) 

Table S1 Detailed pore parameters of a-Nb2O5/CNS, ov-Nb2O5/CNS, c-NbC/CNS, and wc-

NbC/CNS 

Sample SBET (m2 g-1) SMicro (m2 g-1) VTotal (cm3 g-1) VMicro (cm3 g-1) 

a-Nb2O5/CNS 224.2 201.9 0.117 0.098 

ov-Nb2O5/CNS 262.3 216.4 0.147 0.095 

c-NbC/CNS 314.9 215.5 0.227 0.096 

wc-NbC/CNS 278.3 112.0 0.244 0.054 

Table S2 Comparison of minimum reflection loss versus thickness among ov-Nb2O5/CNS 

and other absorbers reported in the literature 

Sample 
Minimum reflection loss 

(dB) 

Thickness 

(mm) 
References 

ov-Nb2O5/CNS −80.8 2.76 This work 

MoS2/RGO −50.9 2.3 [S4] 

RGO/GDY −58 2.7 [S5] 

CNTs/CF −44.46 3 [S6] 

Graphene/Fe3O4 −40.4 5 [S7] 

BaFe11.6Co0.4O19@Fe3O4 −48.9 3.5 [S8] 

DSNTs −54.7 2.6 [S9] 

MoC1-x/C-TCN −50.55 1.8 [S10] 

NbS2 −43.85 2.5 [S11] 

Cu-S-MOF −52.8 1.69 [S12] 

Fe@NCNs −64.75 2.7 [S13] 

Table S3 Comparison of minimum reflection loss versus effective absorption bandwidth 

among ov-Nb2O5/CNS and other absorbers reported in the literature 

Sample 

Minimum  

reflection loss 

(dB) 

Effective absorption 

bandwidth  

(GHz) 

References 

ov-Nb2O5/CNS −80.8 3.37 This work 

BaFe11.6Co0.4O19@Fe3O4 −48.9 2.5 [S8] 

MnO@Co/C −49.06 2.24 [S14] 

MnO2@NPC-800 −54.96 3.24 [S15] 

Ni/NiO −52.15 3.22 [S16] 

CoO@N/C-NCO −61.73 2.07 [S17] 

MXene bowls −53.8 4.2 [S18] 

HE-Cr-1300 −30.7 3.6 [S19] 

RGO/GDY −58 4.3 [S5] 
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