
Journal of Environmentally Friendly Processes. 8(2022): 1-7

Journal of Environmentally Friendly Processes

Synthesis, Characterization, and Microwave Absorbing of PbS/
GQDs
Hossein Safardoust-Hojaghan a *, Seyed Masoud Mousavi b 

a Young Researchers and Elite Club, Marand Branch, Islamic Azad University, Marand, Iran
b Faculty of Petroleum and Chemical Engineering, Islamic Azad University Science and Research Branch, 
Tehran, Iran
* Corresponding Author Email: hossein.safardoust@gmail.comhossein.safardoust@gmail.com

Keywords:

Microwave
Electromagnetic interference 
shielding
Nanocomposites
Graphene quantum dot 

ABSTRACT

Article History:
Received 22 April 2022
Accepted 23 June 2022
Published 01 July 2022

To prevent serious electromagnetic interference, a single-layer wave-absorbing 
coating employing lead sulfide/sulfur and nitrogen co-doped graphene quantum 
dots (PbS/S,N-GQDs) with epoxy resin as matrix was prepared. For this purpose, 
PbS/S,N-GQDs nanocomposites were prepared via simple and novel procedure. 
The prepared products was characterized through X-ray diffraction (XRD), 
transmission electron microscopy (TEM), scanning electron microscopy (SEM), 
and Fourier-transform infrared spectroscopy (FTIR) analysis. Results showed 
that S,N-GQDs have been distributed on the flower-like morphology of PbS in 
PbS/S,N-GQDs nanocomposites. The electromagnetic parameters of products 
were measured in the frequency range of 8–12 GHz by transmission/reflection 
technology, and the electromagnetic loss mechanisms of the two particles were 
discussed, respectively. The microwave absorption properties of the coatings 
were investigated by measuring reflection loss (RL) using arch method. It was 
found that the 10% of PbS/S,N-GQDs and 5 mm thickness are the optimum 
condition for high RL efficiency. At this condition, maximum absorption and 
average absorption was measured -16.3 and -4.05 dB respectively.

Introduction
The electromagnetic interference (EMI) 

has resulted in a new kind of pollution, and 
electromagnetic radiation also remains a key 
issue to be solved. The electromagnetic waves 
interference caused by these waves should be 
considered as a serious matter and the demand 
for preparing and developing new electromagnetic 
wave absorbing materials has increased (1-3). To 
overcome to this challenge, microwave absorbing 
materials (MAM) can be applied for absorbing 
or dissipating EM wave and converting the EM 
energy into thermal energy. Mechanical and 
chemical stability, strong absorption, thin size, low 
density, and wide absorption bandwidth are the 

crucial for an efficient MAM (4-6). In recent years, 
nanoscience and nanotechnology has played a 
key role to the development of MAM due to high 
surface area, quantum confinement, and size-
dependent properties of nanostructures (7-9). 
Due to their unique thermoelectric, optical and 
semiconducting properties, different transition 
metal sulfides nanostructures (TMSN) have been 
synthesized and applied in MAMs (10, 11).

Graphene quantum dots (GQDs) are known as 
a new member of carbon based nanostructures 
with separate, quasi spherical particles with sizes 
beneath 10 nm (12, 13). GQDs are zero dimensional 
(0D) nanostructures and carbon atoms in it are 
arranged in sp2 hybridization. For their attractive 
properties, GQDs has been applied in various fields 
(14, 15). One of the attractive features of GQDs is 
the synthesis dependent properties (16). Based on 
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the applied method for preparation, GQDs possess 
different properties.  Till now, various methods 
have been used for synthesis of GQDs. In this case, 
according to the application field, all efforts have 
been focused on preparation of GQDs in low cost 
and eco-friend with considerable characteristics. 
There are two main routes for fabrication of CDs: 
1) “top-down” that attributes synthesis of carbon 
dots from a different bulk carbon based materials 
and 2) “bottom-up” that ascribe as synthesis from 
carbogenic source via manipulation of carbon 
atmos. For its intrinsic quality, latter case is very 
interesting for researches.  Bottom- up approach 
has notable ability to produce CDs via green 
sources (17-20).

In present work, different routes were applied 
for morphology and doping engineering of S,N-
doped PbS/S,N-GQDs nanocomposites. Prepared 
products are characterized by XRD, FT-IR, SEM 
and TEM analysis. Synthesized PbS and PbS/ S,N-
GQDs have been applied for electromagnetic wave 
absorption and compared.

Experimental
Apparatus and chemicals 

X-ray diffraction (XRD) patterns analysis was 
done by a Philips-X’pertpro, X-ray diffractometer 
employing Ni-filtered Cu Kα radiation. Nicolet 
Magna-550 spectrometer in KBr pellets was applied 
for recording Fourier transform infrared (FT-IR) 
spectra. Morphological properties of products 
were investigated via scanning electron microscopy 
(SEM) that obtained on LEO-1455VP equipped 
with an energy dispersive X-ray spectroscopy. For 
in-depth investigation of morphological structure, 
Philips EM208S transmission electron microscope 
was used. GC-2550TG (Teif Gostar Faraz Company, 
Iran) were used for all chemical analyses. The 

entire chemicals used in this investigation were of 
analytical grade: Citric acid (CA) (99.5%), thiourea 
(TU)(99%), cadmium (ΙΙ) acetate, P25, from Merck.

Preparation of PbS
0.5 g Pb (NO3)2 was dissolved in 35 ml deionized 

water under stirrer. After the complete solution of 
Pb (NO3)2, transparent solution was formed. In this 
stage 0.11 g thiourea (1:1 molar ratio) was added 
to the solution under vigorous stirrer. After 30 
minutes, solution was transferred to 20ml Teflon 
lined stainless autoclave and heated at 180 °C for 
10 h. 

Preparation of S,N-GQDs
For preparation of S,N-GQDs, 1g of CA was 

solubilized in 15 ml deionized water and 0.2g 
thiourea was dissolved in 20 ml deionized water. 
Solution of thiourea was added to the solution of 
CA and stirred for 30 min at ambient condition. 
Then the as obtained solution was moved into 20 
ml Teflon lined stainless autoclave and heated to 
160 °C for 10 hours. The brownish solution was 
obtained as a final product by centrifuging at 
10000 rpm for 20 min.

Preparation of PbS/S,N-GQDs nanocomposites
0.5g Pb (NO3)2 was dissolved in 35 ml deionized 

water. 1g cirtic acid was added to the solution 
and stirred to form a transparent solution. 0.5g of 
thiourea was solubilized in as prepared solution. 
Obtained solution was transferred into 20 ml 
Teflon lined stainless autoclave at 160 °C for 10 
hours.

Electromagnetic wave absorption
The wave-absorbing coatings were prepared 

by adding as-prepared samples into epoxy resin 

Sample PbS/S,N-GQDs (w%) Thickness (mm) 

A1 2 2 

A2 5 2 

A3 10 2 

A4 2 5 

A5 5 5 

A6 10 5 

 

Table 1. The mix proportions and thicknesses of samples.



3

Journal of Environmentally Friendly Processes. 8(2022): 1-7

composites including hardener, aceton and 
resin acceptor. A calculated amount of CB was 
suspended in certain of acetone on a mechanical 
stirrer was stirred at 500 rpm for 20 minutes. 
Then, with respect to samples, a certain amount 
of resin added to the solution and was stirred 
for 2 hours on a mechanical stirring at 500 rpm 
was continued. Continue stirring for 1 hour at a 
speed of over 1100 rpm put up more mixed is full 
uniform. Then, to make a stiff mixture and remove 
acetone in solution agitation was continued. Then, 
the resulting mixture stayed in the darkness for 24 
hours  then in the vacuum oven at 50 °C with a 
pressure of 300 mbar was set to remove bubbles 
for 45 minutes until leave acetone completely after 
that, consider the ratio of hardener was added 
and stirred for 20 minutes. The uniform mixtures 
were coated on a rectangular steel substrate 
(80mm×50mm). Meanwhile, the thicknesses of 
coatings were controlled by perspex dies. After 
the hardening of epoxy resin, the as-prepared 
coatings were ready for microwave properties test 
(Table 1).

Results and discussion
XRD analysis was applied for determination of 

purity and crystallinity. Fig. 1 shows XRD pattern of 
prepared PbS/S,N-GQDs nanocomposites. Results 
showed that lead sulfide formed cubic crystal 
system with space group of Fm-3m. Scherrer 

equation was applied for calculation of crystalline 
size. The measured crystalline sizes from Scherrer 
equation for PbS/S,N-GQDs was 42 nm. It is clear 
that graphene quantum dot-related identity peak 
in 26˚ is overlapped via PbS peaks.

Fig. 2 illustrates FTIR spectroscopy of prepared 
PbS and PbS/S,N-GQDs. For PbS, FTIR spectra 
shows two main peaks in 3400 and 1640 cm-1 which 
can be attributed to OH group. For PbS/S,N-GQDs, 
FTIR shows the mild band at 1028 cm-1 is related 
to C-O band that confirms presence of oxygen 
containing functional group on the surface of 
prepared carbon dots. Peak at 1609 cm-1 confirms 
formation of carbonyl groups (C=O), strongly. Peak 
at 1420 cm-1 can be attributed carbon-carbon 
double bond (C=C) stretching mode. As a result, 
FT-IR spectrum confirms linking of GQDs to PbS 
and formation of PbS/GQDs nanocomposites.

SEM analysis was applied for morphological 
investigation of samples. As well as seen in Fig. 3, 
the uniform PbS/S,N-GQDs nanocomposites are 
formed. It can be concluded that when the citric 
acid as a precursor of GQDs was introduced to the 
reaction medium, the pH of solution is changed 
and pH changing affects formation mechanism of 
PbS. Equations 1and 2 are used to calculate the 
absorption properties of single layer absorbers 
with various thicknesses and a metal surface at 
the back of each sample (based on transmission 
line theory): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD pattern of as prepared PbS/S,N-GQDs at 160 ˚C and 10 h.
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                                                                                     (1)

𝑍𝑍𝑖𝑖𝑖𝑖 =  √
𝜇𝜇𝑟𝑟
𝜀𝜀𝑟𝑟

tan ℎ [ 𝑗𝑗 (2 𝜋𝜋 𝑓𝑓 𝑑𝑑
𝑐𝑐 ) √𝜇𝜇𝑟𝑟 . 𝜀𝜀𝑟𝑟  ]          (2)

Which,  μr=μ´-jμ´´  and εr=ε´-jε´´ are the complex 
permeability and complex permittivity of samples, 
Zin is the normalized input impedance relative to 
the free space impedance, c is the speed of light, d 
is the thickness of absorber and f is the frequency 
of electromagnetic wave in free space. The perfect 
results of absorption properties is achieved at 
Zin= 1 (impedance matching reservation). The 
parameters including: ε´, ε´´, μ´, μ´´, f and d 
determine the impedance matching reservation. 

In a certain thickness and frequency the amount 
of RL can be easily determined using εr and μr (21, 
22). 

Fig. 4 shows the reflection loss (RL) of different 
w% of PbS/S,N-GQDs and thickness of 2mm 
at frequency range of 8 to 12 GHz. For A1 case, 
maximum absorption and average absorption 
were measured -4.77 and -1.30 dB respectively. 
For A2 case, maximum absorption and average 
absorption were measured -5.77 and -1.30 dB. 
For A3 case, maximum absorption and average 
absorption were measured -11.09 and -3.41 dB. It 
can be found that RL is improved via increasing of 
PbS amount. Optimum results is related to 10%. 
Fig. 5 shows the reflection loss (RL) of different 
w% of PbS/S,N-GQDs and thickness of 5 mm 
at frequency range of 8 to 12 GHz. The results 

 

 

 

 

 

 

 

 

Fig. 2. FT-IR spectrum of as prepared PbS and PbS/S,N-GQDs at 160 ˚C and 10 h.
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Fig. 3. SEM images of prepared PbS/S,N-GQDs nanocomposites at 160 ˚C and 10 h with 
different magnifications.

Fig. 4.  The RL curves of A1, A2, and A3 samples.
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confirms that 10% (A6) is an optimum dosage 
for microwave absorption. A6 shows maximum 
absorption and average absorption -16.3 and 
-4.05 Db respectively. It should be noted that the 
thickness of 5 mm shows better RL efficiency than 
2 mm. It can be concluded that the 10% and 5 mm 
thickness are the optimum condition for high RL 
efficiency.

Conclusion
In summary, PbS/S,N-GQDs nanocomposites 

were prepared via simple hydrothermal process. 
Prepared products were characterized via XRD, 
FTIR, SEM, and TEM analysis. Morphological 
investigation was revealed that tiny GQDs were 
distributed on the flower-like PbS homogenously. 
Then, the microwave absorption properties 
of single-layer coatings composed of PbS/S,N-
GQDs were investigated at different thickness 

and amount of nanocomposites  in the 8–12 GHz 
range. The results confirmed that 10% of PbS/S,N-
GQDs nanocomposites at 5 mm thickness is a 
optimum condition for highest RL efficiency. At 
the optimum condition, maximum absorption 
and average absorption were measured -16.3 and 
-4.05 Db respectively.
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