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1. Synthesis of 2,3,5,6-Tetraaminobenzoquinone (TABQ) 

2,3,5,6-Tetraaminobenzoquinone (TABQ) was synthesized through a two-step coupling 

reaction: 1, 2

Tetrachloro-1,4-benzoquinone (20 mmol, 4.92 g) and Phthalimide potassium salt (82.30 

mmol, 15.24 g) were dissolved in 80 mL acetonitrile, then reflux for 12 h under N2. After 

cooling to room temperature, filter and collect the solid slurry, and wash first with a lot of 

acetonitrile, then suspend in 100 mL of DMF, heated to 100 °C, after stirring for 30 min, filter 

immediately while still hot. Then the obtained solids were washed several times with DMF, 

suspended in ethanol, heated to boiling, filtered while hot, and dried at room temperature to 

obtain yellow power.

The obtained yellow powder was put into a round-bottomed flask with 75 mL hydrazine, 

heated to 65 ℃, stirred for 2 h, filtered under reduced pressure after cooling to room 
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temperature, washed with deionized water and ethanol until the filtrate was colorless, and dried 

overnight under vacuum at 60 ℃ to obtain purple crystalline solid (Yield: 50.60%).

Figure S1. The FT-IR curves of TABQ.

Figure S2. (a–b) The TG curves of Ni-TABQ-1 and Ni-TABQ-2 in the temperature range of 30-800 ℃; (c) 

N2 adsorption−desorption isotherms, (b) XPS survey spectrum of Ni-TABQ cMOFs.

2. Transmission Line Theory

In general, the reflection loss value (RL) is usually used to evaluate the electromagnetic wave 

absorption performance of absorbers. The value can be calculated based on the transmission 

line theory as follows:3
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                  (1)
𝑍𝑖𝑛= 𝑍0

𝜇𝑟
𝜀𝑟
𝑡𝑎𝑛ℎ[𝑗(2𝜋𝑓𝑑𝑐 ) 𝜇𝑟𝜀𝑟]

                             (2)
𝑅𝐿= 20log |𝑍𝑖𝑛 ‒ 𝑍0𝑍𝑖𝑛+ 𝑍0|

Figure S3. (a-b) The electromagnetic parameters and (c) the tangent value of Magnetic loss of Ni-TABQ-1 

and Ni-TABQ-2.

Figure S4. 3D RL images of (a) Ni-TABQ-1, (b) Ni-TABQ-2; and the impedance matching values of (c) 

Ni-TABQ-1, (d) Ni-TABQ-2.

3. Attenuation Constant

The attenuation constant (α) depends on the dielectric constant and permeability of absorbers, 

The value of α can be calculated as follows:4
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       (3)
𝛼=

2𝜋𝑓
𝑐

× (𝜇''𝜀'' ‒ 𝜇'𝜀') + (𝜇''𝜀'' ‒ 𝜇'𝜀')2 + (𝜇'𝜀'' + 𝜇''𝜀')2

Figure S5. Attenuation constants value of Ni-TABQ cMOFs.

4. Debey Theory

According to Debye theory, dielectric loss is further divided into conduction loss (εc") and 

polarization loss (εp"), ε' and ε" can be expressed as follows: 5-7

                     (4)
𝜀' = 𝜀∞+

𝜀𝑠 ‒ 𝜀∞

1 + 𝜔2𝜏2

                  (5)
𝜀'' =

(𝜀𝑠 ‒ 𝜀∞)𝜔𝜏
1 + 𝜔2𝜏2

+
𝜎
𝜔𝜀0

       (6)
𝜀"= 𝜀"𝑝+ 𝜀

"
𝑐=

2𝜋𝑓𝜏(𝜀𝑠 ‒ 𝜀∞)
1 + (2𝜋𝑓)2𝜏2

+
𝜎

2𝜋𝑓𝜀0

where εs and ε∞ represent the static dielectric constant and the dielectric constant in the high-

frequency limit, respectively, τ is the relaxation time, ω is the angular frequency of the 

electromagnetic wave, ε0 is the dielectric constant of free space, and σ is the conductivity. 

Equations (4) can be obtained from Equations (1) and (2) above:

       (7)(𝜀' ‒ 𝜀𝑠+ 𝜀∞2 )2 + (𝜀'')2 = (𝜀𝑠 ‒ 𝜀∞2 )2
When ε' and ε" satisfy Equation (4), a semicircle in the ε' -ε" curve represents a Debye 

polarization relaxation process. 7, 8
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Figure S6. (a−b) The Cole−Cole curve, (c) conduction loss, and (d) polarization loss of Ni-TABQ cMOFs. 

6. Quarter Wavelength (1/4λ) Matching Model

The quarter wavelength (1/4λ) matching model is used to evaluate the correlation between 

matching thickness and reflection loss (RL) peak frequency, which can be expressed as follows: 
9, 10

 (n=1,3,5…)       (8)
𝑡𝑚=

𝜆
4
=

𝑛𝑐

4𝑓𝑚 |𝜀𝑟𝜇𝑟|

Where tm is the absorber thickness, fm is the frequency at the peak RLmin, μr is the relative 

complex permeability, εr is the relative complex permittivity, and c is the speed of light in free 

space. That's to say, when the matched thickness satisfies the formula, the incident and reflected 

waves have a phase difference of 180° or odd times, and the EMW disappears at the 

medium/absorber interface due to the influence of interference, indicating that the absorber has 

efficient absorbing EMW performance.11
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Figure S7. Dependence of RL on quarter-wavelength of the obtained Ni-TABQ-1.

7. Radar Ccross-Section (RCS) Simulation

Radar cross section (RCS) is the most critical physical indicator in radar stealth technology, 

which is used to evaluate the military value of materials.12 According to the metal plate model, 

an absorbing coating layer with a thickness of 2.94 mm was constructed on a perfect electrical 

conductor (PEC) substrate of 180×180×1 mm3. The incident electromagnetic wave propagates 

in the negative direction of the x-axis, and the range of pitching angle (θ) is −60°–60°, and the 

plane wave excitation frequency is 10.16 GHz. The RCS value was calculated as follows:13

        (9)
𝑅𝐶𝑆(𝑑𝐵𝑚2 = 10log (

4𝜋𝑆

𝜆2 |
𝐸𝑆

𝐸𝑖|)
S is the area of the model, λ is the wavelength of the electromagnetic wave, Es and Ei are the 

electric field intensity of the scattered and incident waves, respectively. The color of the 

scattered signal and the area of the radiated signal can be used to assess the intensity of the 

scattered signal, and the smaller the radiation area, the stronger the electromagnetic wave 

absorption performance.14
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Figure S8. The RCS simulation model.

Table S1. The comparison between the optimized as-prepared Ni-TABQ-1 and conductive MOFs-based 

EMW absorption materials in previously reported.

sample Loading(wt%) d(mm) RLmin(dB) EAB(GHz) ref

Co-HHTP 60 2.6 −60.6 5.45 (11.89−17.34) 15
CuHT 50 1.74 −50.9 4.2 (7.7−10.9) 16

Cu-S-MOF 50 1.69 −52.8 6.72 (9.68−16.4) 17
A-Cu-HHTP 50 4.4 −51.08 5.73 (11.60−17.33) 18

Zn3Cu1-HHTP 50 2.95 −81.6 3.7 (12.5−16.2) 19
Cu-HHTP 50 2.9 −63.55 5.2 20
Cu-HHTP 40 2.1 −43.5 5.76 21

CuNi-3/ACET 40 3.5 −40.54 5.87 22
Cu-DCNQI 20 0.9 −33.2 2.7 23

Cu1.3Ni1.7(HITP)2 15 2.1 −71.5 6.16 (11.84−18) 24
Co0.5Cu0.5−CAT−1 2.26 −61.0 6.16 25

iron-quinoid MOF-160 30 3.3 −73.5 6.1 (9.8−15.9) 26

Ni-TABQ-1 40 2.94 −62.68 5.12 (10.24−15.36) This 
work
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