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nanomaterial, it possesses both the special qualities of 2D 
materials and semiconductor properties. 

 MoS 2  nano materials are simple to prepare in a controlled 
manner. The shape, size, and surface characteristics of 2D 
nanomaterials are challenging to regulate.  MoS 2  nanomate-
rials may be precisely and controllably synthesized to meet 
the demands of cancer diagnostics and therapy. it is simple 
to mix  MoS 2  nanoparticles with other nanomaterials and 
functionalize them with biomolecules. The element Mo is a 
transition metal with several valence states ranging from + 1 
to + 6.  MoS 2  nanomaterials are incredibly versatile and sim-
ple to dope with other elements and modify on the surface. 

 To develop a multifunctional nanomedicine that meets the 
needs of cancer diagnostics and therapy,  MoS 2  nanomateri-
als can thus be utilized as a platform material to incorporate 
additional nanomaterials. 

 Importantly, because of the synergistic e� ect, the  MoS 2  
nanospheres coated with other materials display certain 
increased attributes or improved performances. Metal oxides 
(Dai  et�al.  2015 ), carbon nanomaterials (Jang et�al.  2015 ; 
Wang et�al.  2019 ), noble metals (Ansari et�al.  2022 ), and 
other materials are used as functionalization elements. There 
are several publications on  MoS 2  nanosheets, nanospheres 
decorated with noble metals. 

 In this work, we describe a versatile technique for the 
controlled decoration of the  MoS 2  nanospheres with Au 
NPs.  MoS 2  nanospheres were synthesised using the hydro-
thermal method, and gold (Au) nanoparticles were added 
by dropping an aqueous solution of  HAuCl 4  onto the hydro-
thermally obtained  MoS 2 . As a surfactant, PVP was used. 
An important non-ionic surfactant, polyvinylpyrrolidone 
(PVP), is responsible for the homogenous dispersion of the 
Au ultra“ ne NPs on the  MoS 2  nanospheres. 

 We synthesised  MoS 2  nanospheres and subsequently 
functionalized them with Au nanoparticles to develop the 
Au/MoS 2  nanosphere-based sensing platform so that pros-
tate speci“ c antibody-antigen biomolecules can interact with 
the Au/MoS 2  surface. To the best of our knowledge, there 
have been relatively few reports describing Prostate speci“ c 
antibody binding on gold functionalized  MoS 2  nanosphere 
without using any linker agent. 

    Material and methods 

   Materials and chemicals 

 Ammonium Molybdatetetrahydrate  (NH 4 ) 6 Mo 7 O 24 .4H 2 O, 
thiourea  (H 2 NCSNH 2 ), polyvinylpyrrolidone (PVP), chlo-
roauric acid  (HAuCl 4 ) were purchased from Sigma Aldrich. 
Phosphate buffer saline electrolyte and [Fe (CN) 6 ] 

Š3/Š4  
was prepared in the laboratory using standard protocol. 
Distil water was used in the experimentation. The mouse 

monoclonal prostate speci“ c antibody was purchased from 
Diagnostic Biosystems, Pleasanton CA and prostate speci“ c 
antigen positive sample was provided by SMS hospital, 
Jaipur. 

    Synthesis of  MoS 2  nanospheres 

 The hydrothermal approach was used to synthesize  MoS 2  
nanospheres (Ghaleghafi et�al.  2021 ). 30�mM thiourea 
 (H 2 NCSNH 2 ) and 1�mM Ammonium Molybdatetetrahydrate 
 (NH 4 ) 6 Mo 7 O 2 ) were stirred and sonicated in 35�mL distilled 
water to obtain a translucent blue solution. The solution was 
then transferred to a Te” on-lined stainless-steel autoclave 
and heated at 180�°C for 24�h. After centrifugation, the black 
product was rinsed numerous times with distilled water and 
ethanol, before being vacuum-dried at 60�°C.  MoS 2  nano-
spheres produced from the dried powder were collected. 

    Functionalization  MoS 2  nanospheres  with gold 

 The functionalization of  MoS 2  nanospheres was conducted 
by dropping HauCl4 aqueous solution in to prepared  MoS 2  
colloidal solution at room temperature. 5�ml of  MoS 2  nano-
spheres colloidal solution in distil water was prepared. Sub-
sequently, 5�mg PVP was added to 5�ml  MoS 2  nanospheres 
colloidal solution and stirred for 1�h. 25�mM aqueous solu-
tion of  HAuCl 4  was made. 75�µl of the above-prepared 
 HAuCl 4  aqueous solution was mixed dropwise with the 
colloidal solution of  MoS 2  nanospheres and was kept on 
continuous stirring for 15�min. The resulting solution was 
centrifuged at 8000�rpm, and the precipitate was collected 
and washed 2…3 times with ethanol. The obtained powder 
was that of Au/MoS 2  composite (Fig.� 1 ).         

    Addition of prostate specifi c monoclonal mouse 
antibodies and antigen 

 The Au/MoS 2  powder was mixed in DI water and stirred 
until a black homogeneous solution was obtained. Further 
5 µL of the prostate speci“ c mouse monoclonal antibody 
solution was mixed gently with Au/MoS 2  solution to get Ab/
Au/MoS 2 . Further, the prostate speci“ c antigen solution was 
dropped on to the above obtained Ab/Au/MoS 2  solution to 
get Ag/Ab/Au/MoS 2  solution. 

     Results and discussion 

 MoS 2  and Au/MoS 2  composite were characterized by 
UV…Vis spectroscopy, FESEM, FTIR and EDEX, etc. The 
attachment of antibody-antigen with Au/MoS 2  and the e� ect 
of time on immunoreaction of antigen to antibody was stud-
ied using UV vis spectroscopy. 
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 In FTIR spectra (Fig.�  2 ), the band associated at 
548� cm Š1  is due to Mo-S bonds present in the  MoS 2  sam-
ple (black). The absorption bands at 1118 and 1620� cm Š1  
con“ rms the presence of Mo…O bonds and their stretch-
ing vibrations. Also, the band at 3120� cm Š1  corresponds 
to …OH group and at 940� cm Š1  con“ rms the S…S bond. 
After functionalization with gold (red) the band appear-
ing at 1286� cm Š1  may be attributed to the formation of the 
bond between  MoS 2  and gold. From the IR spectra of Au/
MoS 2  (red) band intensities of C…H stretching corresponds 
to 2854 and 2916� cm Š1 . Also, the band at 1461� cm Š1  is 
due to C…N stretching. The band intensity at 1379� cm Š1  is 
due to  CH 2  bending vibrations in the pyrrolidone ring of 
PVP molecules revealing a charge-transfer-type interac-
tion between the PVP molecules and surface of the gold 
nanoparticles.         

 FESEM images clearly show the formation of  MoS 2  nano-
spheres having leaves-like structure (Fig.� 3 a and b) of width 
10…12�nm. After decorating with gold, a clear image of uni-
form distribution on gold particles on nano spheres of range 
about 6…8�nm. EDAX results (Fig.� 4 a and b) indicate the for-
mation of  MoS 2  with 9.6 weight % of gold after the function-
alization of  MoS 2  after the functionalization with Au.                 

 A comparative study of UV…Vis spectra of Au/MoS 2 , Ab/
Au/MoS 2  and Ag/Ab/Au/Mo 2  was carried out. It can be seen 
from (Fig.� 5 a), an extra peak at 410�nm appeared after the 
functionalization of  MoS 2  with gold, which con“ rms the 
attachment of gold (Au) on  MoS 2  i.e., the formation of Au/
MoS 2  composite.         

 Subsequently, prostate speci“ c antigen (PSA) positive 
human serum was added to the Ab/Au/MoS 2  solution, and 
the incubation time was kept at 20 and 60�min respectively. 
The UV…Vis spectroscopy of antigen added Ab/ Au/MoS 2  
solution (Ag/ Ab/ Au/MoS 2 ) revealed that for initial 20�min, 
immunoreaction did not occur between antigen and antibody 
(Fig.� 6  blue).         

 When the time of digestion was increased to 60�min, an 
extra peak (red) was observed in the spectra, which may 
be attributed to the immunoreaction between antigen and 
antibody. Here we did not use any linking agent for bind 
antibodies to Au/Mos 2  surface. 

    Conclusions 

 Herein, we developed a gold functionalized  MoS 2  based 
platform that can be used for the modi“ cation of working 
electrode in electrochemical sensors for prostate speci“ c 

  Fig. 1       Schematic for the preparation of Au decorated  MoS 2  nanospheres and modi“ cation of the electrode  

  Fig. 2       FT-IR of  MoS 2  nanospheres and Au/MoS 2   
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  Fig. 3       FESEM images of  MoS 2  
nanospheres ( a, b ) and Au/
MoS 2  nanospheres ( c, d )  

  Fig. 4       EDAX results of  a   MoS 2  nanospheres  b  Au /MoS 2   
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