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1 Experimental section

1.1 The synthesis strategy of reduced graphene oxide:

It should be noted that rGO was not prepared separately. GO was thermally reduced in

situ during the imidization process, resulting in the formation of the conductive rGO

framework within the composite aerogel.

1.2 Data analysis

All data visualization was performed using OriginPro 2022(OriginLab, Northampton,

MA, USA). Schematic illustrations were created using Microsoft PowerPoint

(Microsoft, Redmond, WA, USA), and aerogel structures were rendered with Blender

4.5(Blender Foundation, Amsterdam, The Netherlands).

Supplementary Figure 1. SEM images of (A) PGAA-0, (B) PGAA-1, and (C)

PGAA-3.
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According to the transmission line theory, reflection loss (RL) is a reliable approach to

evaluate electromagnetic absorption performance, which can be calculated by the

following formula:
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where Zin, Z0, μr and εr are the input impedance of absorber, free space impedance,

complex permeability and complex permittivity, respectively. f, d, and c represent

frequency, thickness, and velocity of light. Generally, the RL value less than 10 dB

accounts for 90% of the absorbed electromagnetic wave, and the corresponding

frequency band is referred to as EAB.

Supplementary Figure 2. (A) ɛ′ and ɛʺ, (B) tanδɛ, (C) α, (D) |Zin/Z0|, (E-G) Cole-cole

curves, (H-J) 3D reflection loss curves, (K) Comparison chart of EAB and RLmin of

PGAA-1, PGAA-2, and PGAA-3.
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Compression strain experiments

To investigate the strain-dependent properties, PGAA and PGAA-PTA composite

aerogels were subjected to two different compression protocols. The resulting samples

were denoted as PGAA-X and PGAA-PTA-X, where X represents the target

compressive strain of 20%, 40%, or 60%.

For PGAA aerogels, a continuous external-force compression method was employed.

The samples were compressed to the target strain, and the external load was

maintained throughout subsequent measurements to preserve the prescribed

deformation state.

Supplementary Figure 3. The mechanical compression and release process of PGAA

aerogel.
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Supplementary Figure 4. Electromagnetic and microwave absorption properties of

PGAA under different compressive strains: ɛ′, ɛ′′, |Zin/Z0|, α and RLmin and EAB values

for (A-A3) PGAA-1 and (B-B3) PGAA-3.

The shape-fixity ratio (Rf) and shape-recovery ratio (Rr) are defined from the one-way

thermomechanical DMA cycle as:

Rf= εf εm ×100% (3)

Rr= εm−εr εm ×100% (4)

where εm is the maximum programmed compressive strain, εf is the strain retained

after unloading in the cooled state, and εr is the residual strain after free recovery.

These follow the standard one-way shape-memory protocol for shape-memory

polymers and aerogels. We have also clarified that εf is read after removal of the

external load.
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Supplementary Figure 5. (A) ɛ′, (B) ɛ′, (C) tanδɛ, (D) α, and (E) |Zin/Z0| of

PGAA-PTA at different compressive strains.

Supplementary Figure 6. (A-D) Cole-Cole curves of PGAA-PTA at different

compressive strains.
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According to the Debye relaxation model with conductivity correction, the total

dielectric loss can be separated into polarization and conduction components, as

expressed in the following formula:

εc
″=

δ
ωε0

(5)

εp
″=

εs−ε∞

1+ω2τ2
ωτ (6)

ε″=
εs−ε∞

1+ω2τ2
ωτ+

δ
ωε0

=εp
″+εc

″ (7)

where εp″ represents the polarization loss part in the dielectric loss, εc″ represents the

conductivity loss part, and ε0 is the vacuum permittivity. τ is the relaxation time, δ

represents the conductivity of the material. As shown in Figure S7a, the

polarization-to-conduction loss ratio remains greater than unity over the entire

investigated frequency range for all locked strains, indicating that polarization loss is

the predominant dielectric-loss component. This behavior is consistent with the

abundant heterogeneous interfaces and polar groups in the PGAA-PTA aerogel. Both

polarization and conduction losses increase progressively with compressive strain

(Figure S7 b,c), owing to the reduced separation between conductive frameworks,

increased interfacial contact, and enhanced connectivity of the conductive network.

Notably, the relative contribution of conduction loss becomes more pronounced after

compression, particularly in the Ku band, leading to a lower

polarization-to-conduction loss ratio than that of the uncompressed aerogel. These

results indicate that compression shifts the dielectric dissipation from strongly

polarization-dominated behavior toward a more balanced cooperation between

polarization and conduction losses. The optimum absorption at 40% strain, however,

arises from the combined balance between dielectric attenuation and impedance

matching rather than from the maximum loss magnitude alone.
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Supplementary Figure 7. Frequency dependence of (A) the

polarization-to-conduction loss ratio (B) polarization loss (C) conduction loss for

PGAA-PTA at different compressive strains.

Supplementary Figure 8. Simulated far-field scattering responses of PGAA–PTA

aerogels under oblique incidence at 9.5 GHz. Three-dimensional scattering patterns of

PGAA–PTA aerogels at compression strains of (A) 0%, (B) 20%, (C) 40%, and (D)

60%, together with (E) the PEC reference, under incident angles of 15° (A1–E1) and

45° (A2–E2). Corresponding angular RCS profiles in the θ direction at incident angles

of (F) 15° and (G) 45°
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Supplementary Figure 9. Simulated far-field scattering responses of PGAA–PTA

aerogels under oblique incidence in the Ku band. Three-dimensional scattering

patterns of PGAA–PTA aerogels at compression strains of (A) 0%, (B) 20%, (C) 40%,

and (D) 60%, together with (E) the PEC reference, at incident angles of 15° (A1–E1)

and 45° (A2–E2). Corresponding angular RCS profiles in the θ direction at incident

angles of (F) 15° and (G) 45°.
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The full-wave simulations were performed in CST Studio Suite. The experimentally

measured electromagnetic parameters of the PGAA-PTA foams under 0%, 20%, 40%,

and 60% compression strains were used as the material inputs. A perfect electric

conductor (PEC) plate with dimensions of 225 mm × 225 mm × 0.1 mm was used as

the reference model, and a linearly polarized plane electromagnetic wave was used as

the excitation source, with frequencies of 9.5 GHz and 12.5 GHz adopted for the

X-band and Ku-band conditions, respectively.

The simulation was governed by Maxwell's equations:

∇×E=−jωμH (8)

∇×H=jωεE+σE (9)

where E and H are the electric and magnetic fields, ω is the angular frequency, ε is the

permittivity, μ is the permeability, and σ is the electrical conductivity. The radar cross

section was calculated according to:

σRCS= lim
r→∞

4πr2 Es
2

Ei 2
(10)

RCS=10 log10 δRCS (11)

where Es and Ei represent the scattered and incident electric fields, respectively.

In addition, a linearly polarized plane wave was used. The oblique incidence was

introduced by changing the propagation direction of the incident wave. For an

incident angle of θ, the propagation vector was set as:

k=(0,sinθ,−cosθ) (12)

and the electric field vector was kept as:

E=(1,0,0) (13)

Thus, the electric field remained perpendicular to the propagation direction. Incident

angles of 15° and 45° were considered. The far-field scattering behavior was then

analyzed by three-dimensional scattering patterns, two-dimensional polar plots,

angular RCS profiles, and average RCS values over the theta range from -90° to 90°.
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Supplementary Table 1. performances contrast

Materials condition
RLmin

(dB)

EAB

(GHz)

d

(mm)

Ti3C2Tx/

ANF/PI

aerogel

Temperature: 25 °C -21.58 2.40 2.10

[1]Temperature:

200 °C
-46.24 2.96 1.90

GO aerogel
Compression: 0% -16.59 3.16 6.87

[2]
Compression: 30% 61.09 6.30 4.81

CNTs/CNF-

WPU

aerogel

Compression: 10% -15.20 / 6.60

[3]
Compression: 40% -67.20

≥4.2

GHz
4.60

CNTs/Ti3C2

Tx-WPU

aerogel

Compression: 0% -18.90 1.80 4.80

[4]
Compression: 42% -68.30 3.20 2.80

rGO/SiC/

CoFe2O4

composites

/ -62.39 1.40 2.43 [5]

ANF/rGO

/PI

composite

aerogels

/ -41.0 4.20 5.1-6.9 [6]

BC/ rGO

aerogel
/ -38.52 6.68 3.50 [7]

PIC/rGO / -57.22 3.12 4.36 [8]

PGAA-PTA

Compression: 0% -19.17 2.33 5.10 This

wor

k
Compression: 40% -72.95 7.11 3.20
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