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 Abstract 
Melamine is a substance that can be found in a variety of foods. Melamine is a nitrogen-rich 

compound that has garnered significant concern due to widely publicized food safety incidents. 

Melamine has been synthetically and fraudulently utilized as an unnatural nitrogen ingredient 

in a variety of food items in an attempt to enhance the "false" apparent protein composition of 

these products.  

Various traditional techniques are available for detecting Melamine, but these techniques 

require sophisticated instruments, a technical workforce, and significant capital investments. 

To overcome these issues, researchers have studied different sensors that may be more efficient 

for on-site and specific detection of melamine. Even though there has been much study on the 

topic, a sensor platform with high sensitivity and selectivity is still unavailable. Thus, it is 

essential to have a sensor substrate for the accurate and specific monitoring of melamine traces. 

Thorough knowledge of melamine interactions with appropriate sensing molecules is essential 

to develop such a sensing platform. 

The purpose of this research was to examine the potential of surface-enhanced Raman 

spectroscopy (SERS) and novel molecularly imprinted polymers (MIPs) for detecting 

Melamine in a typical dairy product (i.e., milk). Additionally, this effort focuses on developing 

innovative nanostructured materials for use in sensor manufacturing to detect Melamine 

through several techniques, such as vacuum reflux, photoreduction, and sol-gel. 

Surface-enhanced Raman scattering (SERS) has attracted considerable attention in biological 

and chemical identification as a simplified, quick, and ultrasensitive analysis method. We have 

selected a case of oxide functional oxide organic nanostructure between ZnFe2O4 and ZnO, 

denoted as ZZF. The material was used to identify Melamine in the concentration range of 0.39 

-performance nanocomposite provides improved melamine sensitivity 

toward SERS, and the detection limit is as low as 0.39  

The performance of the SERS substrate was further enhanced by preparing a g-C3N4/Ni3N 

(Au/g-C3N4/Ni3N) nanocomposite material. The intended nanocomposites were synthesized 

using a simple and cost-effective fabrication process. The Au/g-C3N4/Ni3N was synthesized by 

photo-reducing HAuCl4. The developed SERS-based nanocomposite can detect R6G with an 

enhancement factor of 1.82 × 108, whereas, in the case of Melamine, the average enhancement 

factor is evaluated to be 2.56 × 107.  

There is a significant challenge in detecting and eliminating Melamine from low concentrations 

solutions. A specific site is needed to interact with and adsorb a specified quantity of Melamine. 
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Understanding the adsorption process in detail is essential for fabricating substrates that result 

in the adsorption of Melamine. Here, we investigated the effects of Melamine on surfaces that 

had been functionalized with one of four silane coupling agents: n-propyltrimethoxy silane 

(PTMS), octyltrimethoxy silane (OTMS), 3-(trimethoxysilyl) propyl methacrylate 

(TMSPMA), or 3-(triethoxysilyl) propionitrile (TESPN).  Real-time QCM-D adsorption data 

for Melamine over a number of substrates are used to fit the model. According to the findings, 

melamine molecules are adsorbing more effectively to the TMSPMA functionalized surface 

since it is the most hydrophilic of the tested surfaces. There is good agreement between the 

theoretically calculated mass for a TMSPMA-functionalized silica surface and the 

experimentally measured mass of Melamine adsorbed in a monolayer. Adsorption is 

understood to take place because of interactions between molecules. Since these surface 

functions can interact with multiple molecules with the same terminal groups, they do not give 

selectivity to a single molecule. The selectivity of the Quartz crystal microbalance (QCM) 

sensor was improved using a molecularly imprinted polymer (MIP). We employed the sol-gel 

method to manufacture the MIP with 3-(trimethoxysilyl) propyl methacrylate (TMSPMA) as 

the functional monomer. In order to detect Melamine in a QCM-D silica-quartz crystal, the 

well MIP was employed. Melamine molecules bind strongly to MIP surfaces in real-time 

sorption experiments when utilized as reference molecules. The developed MIP is significantly 

specific for Melamine in investigations testing both specificity and reproducibility. This 

research sheds light on the fundamental interaction capabilities of Melamine with a suitable 

substrate, which can be converted into a user-friendly selective sensor for their detection and 

elimination. 
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AFM                Atomic Force Microscopy 

AuNP                Gold Nanoparticles 

CA                Contact angle 

CB               Conduction Band 

DFT               Density Functional Theory 

EDX                Energy Dispersive X-ray (spectroscopy) 

FESEM                Field Emission Scanning Electron Microscopy 

FTIR                Fourier Transformed Infra-red (spectroscopy) 

GC                Gas Chromatography 

gC3N4                Graphitic Carbon Nitride 

HPLC                High-Performance Liquid Chromatography 

HRTEM                High-Resolution Transmission Electron Microscopy 

MS                Mass spectrometry 

Ni3N                Nickel Nitride 

OTES                 Triethoxy(octyl)silane 

OTMS                Octyl trimethoxy silane 

PTMS                n- propyl trimethoxy silane 

QCM-D                Quartz crystal microbalance with dissipation 

SAMs                Self-assembled monolayers 

SEM                Scanning Electron Microscopy 

SERS                Surface Enhanced Raman Scattering 

TEM                Transmission Electron Microscopy 

TESPN                3-(Triethoxysilyl) propionitrile 

TMSPMA               3-(Trimethoxysilyl) propyl methacrylate 
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