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Figure S1. The density of natural wood, delignified wood, and conductive wood. The conductive 

wood is lightweight, with a density of just 0.11 g cm-3.
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Figure S2. (a) Survey, (b) C 1s, (c) O 1s and (d) N 1s XPS spectra of conductive wood.
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Figure S3. (a, b) Top-view and (c, d) cross-sectional SEM images of natural balsa wood.
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Figure S4. (a) Schematic illustrations of the delignified wood before and after delignification. (b) 

The diameter distribution of the open delignified wood cell (exclude the maximal pores). (c-f) 

SEM images of the delignified wood showing the porous structure. (g) High magnification SEM 

image of the delignified wood shows the cellulose nanofibrils are exposed in the wood cell walls 

after delignification.
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Figure S5 (a) the original SEM of delignified wood, (b) binary image of delignified wood. Scale 

bar: 300 μm.

The surface porosity of delignified wood is calculated using an image analysis method.1 The 
original SEM image was converted to a binary image by setting a threshold of 128, and the porosity 
of the wood can be calculated as follows:

P=n/N × 100%                                                                                                      (1)
where n and N denote the number of black pixels and the total pixels in the binary images, 
respectively.

According to Figure S5b, the n and N was counted as 211635 and 286080, respectively. Thus, the 
porosity of delignified wood should be 73.9%. 

However, only the large pore volume of wood can be calculated using the Eq. 1. Taking the density 
of air and cellulose into consideration, the porosity of wood after total delignification including 
nanopores can be calculated as: 

Pore volume fraction (%)= (1- ρ (sample)/ρ (cellulose)) × 100%                      (2)
where ρ (sample) is 0.058 g/cm3 (Figure S1), ρ (cellulose) is the cellulose density, which is about 
1.5 g/cm3.

Using the Eq. 2, the porosity of the delignified wood can be calculated to be 96.1%, which is much 
higher than the result calculated by the image analysis method, indicating a large amount of 
nanopores present in the delignified wood.
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Figure S6. (a, b) Top-view and (c, d) cross-sectional SEM images of natural wood after the FeCl3 

treatment. The smooth wood cell walls reveal only a small amount of FeCl3 deposited on the 

natural wood substrate.
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Figure S7. The EDX spectrum of delignified wood after FeCl3 adsorption, indicating a large 

amount of Fe3+ and Cl- present on the delignified wood substrate.
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Figure S8. The EDX spectrum of natural wood after the FeCl3 treatment, indicating the low 

loading of FeCl3.
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Figure S9. (a, b) Cross-sectional SEM images of the conductive wood show the PPy layer 

coated on the wood channels.
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Figure S10. The normalized weight-change before and after the PPy coating shows the 

conductive wood was loaded with 24 wt% PPy.
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Figure S11. Nitrogen (N) EDX mapping of the conductive wood: (a) outer section, (b) middle 

section, and (c) inner section, demonstrating the PPy is distributed throughout the material.
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Figure S12. Normalized I-V curves of the outer, middle, and inner sections of the conductive 

wood.
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Figure S13. Comparison of the DC conductivity between the conductive wood and other 

conductive cellulose-based materials.37, 38, 43-45
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Figure S14. The conductivities perpendicular (σ⊥) and parallel (σ∥) to the wood growth direction 

were 12 and 39 S m-1, respectively, revealing the uniform electrical conductivity of the conductive 

wood.
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Figure S15. The low EMI shielding effectiveness (SE) of natural wood after the PPy coating 

suggests poor shielding performance.
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Figure S16. Comparison of the specific EMI performances of typical EMI shielding materials 

with good mechanical properties.2-8 (CNT: carbon nanotubes; PP: polypropylene; PS: 

polystyrene; rGO: reduced graphene oxide; MWCNTs: multiwall carbon nanotubes; CFoam: 

carbon foams)
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Figure S17. Total EMI shielding effectiveness (SET), absorption (SEA), and reflection (SER) of 

conductive wood at the frequency of 8 GHz. The value of SEA is much larger than that of SER, 

which suggests the conductive wood strongly absorbs electromagnetic radiation in the X-band 

region.
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Figure S18. Schematic illustration of the electric dipole rotation under the electric field of 

electromagnetic radiation, demonstrating the absorption of electromagnetic wave which causes 

energy consumption due to the increased dipole rotational activity.
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Figure S19. The high absorption coefficient of the conductive wood in the X-band range, 

indicating that adsorption dominated the attenuation mechanism.
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Figure S20. The complex permittivity and the ratio of εʺ/εʹ for the conductive wood in the X-

band range. The conductive wood with εʺ/εʹ > 1 is considered a high loss material and can be 

effective in attenuating electromagnetic radiation.
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Figure S21. Schematic illustrations and photographs of the conductive wood after compressive 

tests.
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