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1. Characterization

1. 1. H-NMR analysis

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2023

mailto:reza_peymanfar@alumni.iust.ac.ir


S-2

-3-2-101234567891011
Chemical shift (ppm)

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320

340

360

1.
24

1.
26

1.
30

1.
34

2.
50

 D
M

SO
2.

50
 D

M
SO

2.
51

 D
M

SO
2.

51
 D

M
SO

2.
52

 D
M

SO
2.

55

3.
36

 H
2O

5.
59

6.
99

7.
01

7.
84

7.
86

8.
88

e d c b

a

Fig. S1. H-NMR spectrum of TAPP sample

1. 2. Microwave absorbing features
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Fig. S2. Microwave absorbing performance and simulation of matching thickness 

for the porphyrin derivates from 8.2 to 18 GHz

Table. S1. The equations applied to evaluate the results 

Entry/title: Equation/s:

1/Kubelka–Munk 

theory

(h)2= h - Eg, = -1/t lnT, and T= 10-A

2/Transmission line 

theory , , , 
𝑅(𝑑𝐵) = 20𝐿𝑜𝑔|𝑍𝑖𝑛 ‒ 𝑍0

𝑍𝑖𝑛 + 𝑍0
| 𝑍𝑖𝑛 =

𝜇𝑟

𝜀𝑟
tanh [𝑗 𝜇𝑟𝜀𝑟𝑓(2𝜋

𝑐 )𝑑]  𝑍0 =
𝜇0

𝜀0

, and 𝜀𝑟 = 𝜀' ‒ 𝑗𝜀'' 𝜇𝑟 = 𝜇' ‒ 𝑗𝜇''

3/Quarter 

wavelength 

mechanism

𝑡𝑚 =
𝑛𝑐

4𝑓𝑚 |𝜀𝑟||𝜇𝑟|
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4/Impedance 

matching  
𝑍 =

𝑍𝑖𝑛

𝑍0
=

𝜇𝑟

𝜀𝑟

5/Attenuation 

constant
𝛼 = (𝜀𝑟''𝜇𝑟

'' ‒ 𝜀𝑟'𝜇𝑟
')2 + (𝜀𝑟'𝜇𝑟

'' + 𝜀𝑟''𝜇𝑟
')2 + (𝜀𝑟''𝜇𝑟

'' ‒ 𝜀𝑟'𝜇𝑟
')

2𝑓𝜋
𝑐

6/Debye relaxation 

theory
(𝜀' ‒

𝜀𝑠 + 𝜀∞

2 )2 + (𝜀'')2 = (𝜀𝑠 ‒ 𝜀∞

2 )2

Table. S2. Definitions of the parameters employed to examine the achievements 1-

10

Symbol: Definition: Symbol: Definition: Symbol: Definition:

d Thickness of 

absorber

Zin Input impedance c Velocity of light 

in free space

 Absorption 

coefficient

 Frequency T Transmittance

′ Real part of 

permeability

tm Matching 

thickness

″ Imaginary part of 

permeability

h Planck constant A Absorbance t Thickness

Z0 Free space 

impedance

n Odd number f Frequency

′ Real part of fm Matching ″ Imaginary part of 
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permittivity frequency permittivity

∞ Permittivity at the 

infinite frequency

0 Permittivity 

constant

s Static permittivity
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