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Abstract: 

It is of special importance to design a ratiometric sensor using silicon nanoparticles. New research 
suggests that by modifying the size and surface modification groups of silicon nanoparticles, their 
fluorescence may be tuned across the whole visible spectrum. More accurate quantitative 
measurements with a better signal-to-noise ratio are possible with the dual emission technique that 
uses silicon nanoparticles. Building multi-detection systems is another use case. Also, by fine-tuning 

the reaction and fluorescence of silicon nanoparticles, one can accomplish such a multiple detection 
system. In these setups, we selectively mix several target analytes using silicon nanoparticles with 
various surface groups. Without the use of harmful metals, it is possible to detect numerous analytes 
simultaneously in this manner. The impact of surface groups on conductivity and fluorescence is one 
of several outstanding issues, despite the fact that silicon nanoparticle production and surface 
modification have come a long way. Although different surface functional groups can cause silicon 
nanoparticles to exhibit varied fluorescence, the specific process by which this occurs remains 
unclear. Similarly, there has been very little investigation into how different surface modification 
groups affect the electrical structure of silicon nanoparticles. We can tailor the silicon nanoparticles 

to the analysis object's reduction potential if we can determine the effect of surface groups on the 
band edge. To better build sensors using silicon nanoparticles, it is helpful to have a firm grasp of 
these fundamental characteristics. Also, we need to find ways to modify surfaces that work better. 
Because most functional modifications to the material's surface cannot reach every surface, there may 
be areas that are susceptible to oxidation. Many synthetic silicon nanoparticles will have their surface 
modification layers changed, rendering them unusable for future sensor manufacture; this will 
impede their commercial development and production. Silicon nanoparticles have a low quantum 
yield, which is a major drawback when compared to other semiconductor quantum dots. To enhance 

the quantum yield, we can refine the surface modification technique and link more surface ligands to 
enable the detection of more targeted analytes. Quantum dot fluorescence can be significantly 
impacted by the weak contact between surface ligands and analytical objects. Additional research and 
development is required to perfect the process of creating hybrid materials using silicon 
nanoparticles. Could we possibly create a more efficient FRET-based sensor by combining silicon 
nanoparticles with polymers, dyes, and carbon dots? Alternatively, in SERS sensors based on silicon 
nanohybrids, the increase of SERS is derived from the plasmon resonance interaction of metal 
nanoparticles and the effective plasmon resonance coupling between metal nanoparticles and 

adjacent silicon substrates. Secondly, the SERS signals are guaranteed by the closely defined 
plasmonic nanoparticles on the silicon wafer or silicon nanowires. To take advantage of these 
features, various silicon nanohybrids have been used to create SERS sensors that are high-quality, 
portable, inexpensive, sensitive enough, specific enough, reproducible, and capable of multiplexing 
detection. These hybrids can be decorated with graphene, gold, silver nanoparticles, silicon 
nanowires, or silicon wafer, among others. This laid the groundwork for the development of 
sensitive, selective, and multiplexed SERS sensing systems based on silicon, which allowed for the 
sensitive, molecular-to-cellular-level examination of a wide range of targets.  
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Introduction 

It is critical to create a quick, cheap, and on-site detection sensor system for explosives because of the severe risks 

they pose to human health, the environment, and the safety of those around them. Nitro aromatic chemicals have long 

been recognised for their ability to extinguish the fluorescence of silicon-based nanosystems, such as porous silicon 

and partially oxidised silica nanoparticles. Adding nitrobenzene (NB), dinitrotoluene (DNT), or trinitrotoluene (TNT) 

vapour to the surging air flow can quench the fluorescence of porous silicon, according to Professor Sailor's team's 

proof. Transferring electrons from nanocrystals in a porous silicon matrix to nitro aromatic compounds is the process 

that quenches them. Using this approach, the lowest detectable amounts of dinitrotoluene are 2 ppb and trinitrotoluene 

are 1 ppb. Researchers led by Germanenko found that nitro aromatic compounds with a reduction potential lower than 

that of the silicon nanoparticles themselves—for example, 3-minute 5-dinitrobenzonitrile, 1-minute 4-dinitrobenzene, 

2-minute 4-dinitrotoluene—can stifle the fluorescence of certain silicon nanoparticles. These investigations laid the 

groundwork for subsequent investigations into the use of zero-dimensional silicon nanoparticles as a sensing system 

for the detection of explosives mostly composed of nitro aromatic chemicals. A further study by Veinot et al. detected 

nitroaromatic chemicals, nitrosamines, and nitrate esters by immobilising red dodecyl-modified silicon nanoparticles 

on paper sensors [1. 2]. A paper sensor with a detection limit of 18.2 ng for DNT is capable of immediately and 

quantitatively determining analytes.  Using this method, the detection limit in the aqueous phase can reach 1 nM. The 

action of surface amino groups causes FRET, which in turn quenches the fluorescence. Additional nitro aromatic 

chemicals (e.g., NB and DNT) and charged metal ion interferers (e.g., Cu2+, Ca2+, Zn2+, Pb2+, Cd2+, Ag+, Al3+, 

Fe3+, and Fe2+) were detected using this sensing system, demonstrating that the impact of metal ion interference was 

negligible. Professor Nguyen's group then employs silicon nanoparticles for nitroaromatic chemical detection. Alkyl 

oligomers (red emission), alkyl monomers (red emission), and alkylamines (blue emission). Using the electron transfer 

quenching mechanism [3-5], they demonstrated that alkyl oligomers were less susceptible to gaseous nitro aromatic 

chemicals than alkyl monomers. It is worth noting that nitro-aromatic chemicals had less of an impact on the blue-

emitting silicon nanoparticles with amino groups compared to the red-emitting alkyl particles and the blue-emitting 

silicon nanoparticles system that had been previously documented. Because the amino groups were connected to the 

surface of the silicon nanoparticles instead of at the end of the surface modification layer, which prevented the 

development of the Meisenheimer complex that is essential for enhancing the energy transfer effect of fluorescence 

resonance. 

Figure 1. The mechanism of the fluorescence resonance energy transfer effect between the amino complex of 

TNT and silicon nanoparticles. 
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Figure 2. (a) The reaction of silicon nanoparticles with different surface groups of (i) alkyl oligomer, (ii) alkyl 

monomer, and (iii) alkylamine to nitroaromatic compounds. (b) The fluorescence changes of silicon 

nanoparticles functionalized by alkyl oligomers and dodecyl monomers on filter paper after reacting with 

different concentrations of nitrobenzene.  

Ultra-High-Performance Material Feeling 

Metal cation detection 

U.S. officials have reiterated that metal cation detection is critical in light of the country's current water safety 

concerns.39 So, a low-limit-of-detection method for trace metals that is also highly selective is required. It is 

impossible to overlook a difficulty, even though numerous papers have thoroughly examined quantum dots as optical 

sensors for metal ion detection. Is it practical and reasonable to utilise a metal sensor that is intrinsically poisonous, 

like cadmium telluride quantum dots, to detect harmful metals? There is some evidence that porous silicon 

nanoparticles can sense and detect metal ions; this is in line with their previous use as sensors for electrochemistry and 

energy conversion [6, 7]. One method for detecting mercury ions involves using blue-emitting silicon nanoparticles 

that have amino groups linked to them. The fluorescence will be brought back when the metal chelate is added again. 

Static and dynamic quenching are both components of the quenching mechanism. There have been reports that these 

silicon nanoparticles, which generate a blue light, are sensitive enough to detect Cu2+ and Cr4.+ 

Figure 3. Effects of different concentrations of Hg2+ on the fluorescence of silicon nanoparticles. 

Glycemic Monitoring 

More than 15 million individuals across the globe are living with diabetes, which is why glucose testing is 

important.46 A cheap, easy, and dependable way to monitor glucose needs to be developed. Porous silicon has many 

potential applications as a biosensor, including the detection of glucose and other analytical chemicals. In contrast, 
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research on silicon nanoparticles' potential uses in this area is scant. Yi and colleagues created a glucose oxidase 

(GOX) and phosphate buffer solution sensor by combining blue-glowing silicon nanoparticles with hydride groups on 

their surfaces.49 In an outside setting, the system solution's fluorescence can be maintained for at least six hours [7-9]. 

Glucose oxidase in the silicon nanoparticle solution will oxidise and breakdown glucose when glucose is introduced, 

simultaneously producing gluconic acid and hydrogen peroxide. Contact between the surface of the silicon 

nanoparticles and the generated H2O2 transfers electrons from the conduction band of the nanoparticles to the reactive 

oxygen species, quenching the fluorescence of the nanoparticles and resulting in the production of H2O and O2. A 

complete cycle of electron transfer mediated by glucose oxidation will be formed when the extra oxygen that is 

produced returns to the catalytic activity of glucose oxidase. Under ideal circumstances, this sensor can detect glucose 

at a concentration as low as 0.68 mM. A number of amino acids, metal ions, and other glucose analogues were 

introduced for detection in order to examine the selectivity of this sensor. Findings demonstrate that these interferers 

have a negligible impact on the sensory system even when their concentration is 20 times higher than glucose. 

Another glucose sensor was created by Chen et al., which analyses colour proportions using the peroxidase-like 

activity of silicon nanoparticles. Additionally, they combined a solution containing glucose oxidase, 3-tetramethyl-

benzidine (TMB), and silicon nanoparticles that emitted blue light and had hydride groups linked to their surfaces.50 

In addition, they created a solution of glucose oxidase [10, 11], tetramethylbenzidine, and blue-emitting silicon 

nanoparticles that had hydride groups attached to their surfaces. Reactive oxygen species are formed when silica 

nanoparticles are broken down by glucose oxidase, which catalyses the oxidation of glucose to H2O2. Similar to how 

TMB can be oxidised by H2O2 in the presence of peroxidase, this chain reaction transforms silicon nanoparticles into 

electrophilic substances and causes them to oxidise TMB. 

Figure 4. Graphical illustration of glucose sensor based on silicon nanoparticles. 

Detecting Dopamine 

An essential neurotransmitter, dopamine influences a wide variety of mental processes. It is crucial to detect and 

quantify dopamine in the body because metabolic diseases can result from excessive dopamine secretion and 

Parkinson's disease can be caused by insufficient dopamine secretion. Dopamine detection using fluorescent quantum 

dots has been attempted, but the sensitivity of these dots is insufficient for real-world use. By attaching amino groups 

to the surface of blue-emitting silicon nanoparticles [12-14], Zhang and colleagues were able to selectively detect 

dopamine.  The fluorescence recovery was measured after three hours of shaking and mixing after adding dopamine 

solution to a solution of phosphate buffer and synthesised silicon nanoparticles. The findings demonstrated a direct 

correlation between dopamine concentration and the degree to which silicon nanoparticles quenched fluorescence. The 

detection limit of dopamine was as low as 0.3 nM, and it was remarkably unaffected by various interferers, including 

proteins, amino acids, peptides, and metal ions. This sensor device primarily uses the FRET effect to quench 

fluorescence. Excited silicon nanoparticles transfer their electrons to molecules of oxidised dopamine. Additionally, 

the scientists note that fluorescence quenching could be caused by the action of electron transfer between donor silicon 

nanoparticles and receptor dopamine. 
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Figure 5. When dopamine is added to the system, the mechanism of fluorescence quenching of silicon 

nanoparticles is explained.  

Recognising Gases 

Modern industrial and residential production rely heavily on gas and steam detectors. The detection and analysis of 

lung gases, as well as the biological, chemical, and food industries, all place a premium on highly specific alcohol 

testing. Porous silicon has reportedly been developed as a sensor for detecting alcohol, according to several recent 

articles. Another method for detecting alcohol vapour is using silicon nanoparticles.  Zhang and coworkers were able 

to detect ethanol by combining optical fibre dimensions with red-glowing silicon nanoparticles.  We soak the optical 

fibre in a solution of amino-group-attached silicon nanoparticles for a while, and then we take it out to dry naturally 

[15, 16]. The silicon nanoparticles at the optical fiber's tip will cluster together into micron-sized particles as a result 

of this entire process. If we place this structure material in a dry stream of oxygen, water vapour, or ethanol vapour, 

we can observe the expected change in the fluorescence of silicon nanoparticles. With the optical fibre immersed in 

steam for 15 seconds, the technology is able to detect ethanol at concentrations as low as 380 parts per million . 

Drug Sensitivity 

Tetracycline is an antibiotic in the tetracycline family. It has broad medical and agricultural applications, including the 

treatment of bacterial infections and the addition of certain nutrients to food.60.61 percent Nevertheless, tetracycline 

resistance can develop from overuse,62 so it's crucial to monitor tetracycline levels in food. We should prioritise 

developing a quick, accurate, and selective detection method. Electrochemical impedance sensors that detect 

tetracycline have been developed using amino-functionalized silicon nanoparticles.63 The blue fluorescence of 

surface-modified silicon nanoparticles [17-19] can be neutralised by tetracycline, chlortetracycline, and tetracycline, 

according to research by Lin and Wang.29 Silicon nanoparticles' fluorescence was directly induced by the addition of 

tetracycline, oxytetracycline, or chlortetracycline to a phosphate buffer solution that already included the 

nanoparticles. As for tetracycline, oxytetracycline, and chlortetracycline, their respective detection limits are 25.9 nM, 

20.4 nM, and 28.3 nM. It appears that a ground state complex is created during the reaction to quench the fluorescence 

of silicon nanoparticles, since the addition of tetracycline molecules has no influence on their fluorescence lifespan. It 

is thought by the researchers that the ground state complex is formed when the amino group on the surface of silicon 

nanoparticles combines with tetracycline molecules . Fluorescence quenching may also occur as a result of the 

spectrum overlap between the emission spectra of silicon nanoparticles and the absorption peaks of tetracycline 

molecules. Nevertheless, the degree to which the emission and absorption spectra overlap between the two is 

insufficient to generate the FRET effect [20, 21]. By detecting and analysing the milk samples with silicon 

nanoparticles, we were able to confirm the practical use of these tiny particles. The milk's proteins and lipids were 
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extracted and separated prior to the study. The luminosity of silicon nanoparticles was seen to be diminished following 

their incorporation into milk. 

Sensing for Pesticides 

The extensive use of pesticides in global agriculture results in long-term environmental harm and the buildup of 

residues in the ecosystem.64 The majority of pesticides have carbamates and organophosphorus compounds, which 

are known to kill by suppressing respiratory chain function and destroying cholinases, which control the body's 

acetylcholinesterase levels.66 A lot of the pesticide detection technologies are quite pricey, necessitating extensive 

sample pre-processing procedures, expensive equipment, and highly trained specialists. The use of heavy metal 

quantum dots raises safety concerns, despite the fact that fluorescent quantum dot sensing detection is a relatively 

simple detection technology [22-25]. The number of Another option for pesticide detection is the use of oxide-coated 

porous silicon sensors. Additionally, these investigations demonstrated the viability of using silicon nanoparticles for 

pesticide detection. The use of surface-modified silicon nanoparticles with blue light and hydride for pesticide 

detection has recently been validated.67 The first step was to combine acetylcholine, phosphate buffer solution, 

acetylcholinesterase, and choline oxidase with silicon nanoparticles. After an interaction between acetylcholine and 

acetylcholinesterase, choline is formed. Choline oxidase subsequently interacts with this choline to make hydrogen 

peroxide. In order to stop the recombination of electron holes and turn off the fluorescence of silicon nanoparticles in 

solution, an active oxygen compound in H2O2 will grab the electrons from their conduction band. The final step in 

conducting fluorescence analysis was to add carbaryl, a carbamate insecticide, to the solution. After 15 minutes of 

reaction at 40°C in a dark setting, the results were recorded [26-27]. By reducing acetylcholinesterase activity, 

carbaryl prevents acetylcholinesterase from reacting with choline oxidase and, in turn, reduces H2O2 generation. 

Reducing the concentration of H2O2 in the solution causes a decrease in electron transfer from silicon nanoparticles to 

H2O2, leading to an increase in the fluorescence intensity of the nanoparticles. The min detection limit for carbamate 

pesticides, including parathion, diazinon, methamidophos, and carbamate, was found to be 7.25 × 10−9, 3.25 × 10−8, 

76 × 10−8, and 1.9 × 10−7 g/L, according to the researchers . 

pH sensor for the environment and biology. 

Materials with optical characteristics that respond to changes in pH have recently attracted a lot of interest from 

researchers in the environmental, medical, and biological domains. Although quantum dots have been modified to 

sense pH in numerous research, silicon nanoparticles have received less attention in this area. To create a pH sensor, 

Feng and colleagues utilised amino group-coated silicon nanoparticles that emitted a blue light. This allowed them to 

measure the pH of water samples. A Beretan-Robison buffer solution containing silicon nanoparticles was used, with a 

pH range of 2.01 to 11.02. Through the measurement of fluorescence at various pH values, it was discovered that the 

fluorescence intensity of silicon nanoparticles rose steadily as the pH in the solution increased, and stayed constant at 

pH 7. In a similar vein, they also recorded levels of potential compounds that could interfere, including K+, Cd2+, 

Mg2+, Ca2+, NO3-, SO42−, and PO43−. The sensing mechanism of silicon nanoparticles is remarkably unaffected by 

them, it turns out. It is possible to use SiNPs sensors for intracellular pH monitoring in addition to ambient pH 

detection. Using living cells as an example, He et al. (2016) demonstrated the use of SiNPs sensors for both long-term 

and real-time intracellular pH (pHi) measurement. The addition of pH-sensitive dopamine molecules and pH-

insensitive rhodamine B isothiocyanate (RBITC) molecules to silicon nanoparticles . Usually, the SiNPs sensors 

showed a broad pH response (around 4 to 10), a strong fluorescence signal (with a high photoluminescence quantum 

yield, or PLQY, of about 15% to 25%), great photo-stability (with only about 9% intensity loss after 40 minutes of 

continuous UV irradiation), and weak cytotoxicity (with cell viability of treated cells remaining above 95% during a 

24-hour treatment) [28-31]. The created sensors are well-suited for the ratiometric monitoring of changes in pHi over 

long periods of time and in real-time because of their exceptional properties. 
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Figure 6. Sensing mechanism of silicon nanoparticles sensor based on pesticide detection. 

Figure 7. Construction of SiNPs-based intracellular pH sensor. (a) Schematic illustration of the synthesis of 

sensor. (b) Photos of SiNPs (1), dopamine (2), RBITC (3), and modified SiNPs (4) in ambient environment and 

under UV irradiation (λ ex = 360 nm) as well as TEM image of DMSiNPs. Inset shows the enlarged HRTEM 

image of a single DMSiNPs. (c) Schematic illustration of cellular internalizations of DMSiNPs. Inset in part C 

presents chargetransfer mechanism of DMSiNPs at acidic or basic conditions.  

Surface-Enhanced Raman Scattering on Silicon 

Nanomaterials made of silicon have attracted a lot of interest in recent decades due to their unusual electrical, optical, 

and mechanical characteristics. Bioimaging and biosensing have both made extensive use of nanomaterials derived 

from silicon. Among these, sensors built on nano-hybrid SERS substrates made of silicon (such as silicon substrates 

enhanced with gold or silver nanoparticles) exhibit excellent repeatability and sensitivity. It is easy to observe that the 

SERS substrate made of pure gold/silver nanoparticles has a lower EF value and somewhat poor reproducibility when 

compared to the silicon-based nano-hybrid SERS substrates. The detection sensitivity is improved, however, since the 

SERS enhancement effect is realised by the effective coupling of plasmon resonance scattered by metal nanoparticles 

and plasmon resonance reflected from semiconductor silicon surface in silicon-based nanohybrid substrates.From 80 

to 82 plus 90 To improve repeatability and prevent the random aggregation of free gold/silver nanoparticles, silicon-

based nanohybrid materials have metal nanoparticles firmly attached to silicon substrates. In order to build novel high-
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quality biosensors, a variety of nanohybrid substrates based on silicon have been created. Here we shall describe the 

design and preparation procedures of silicon nanohybrid-based SERS substrates, go into detail about the unique 

advantages of these substrates [39-42], and then leave it at that. The following section provides an overview of various 

SERS sensors that are based on silicon nanohybrids. It then goes on to demonstrate how these sensors can detect 

chemical and biological samples with unprecedented sensitivity, selectivity, and reproducibility. Lastly, we will go 

over the difficulties and potential advancements of SERS sensors built on silicon nanohybrids as a novel testing and 

analysis platform. 

Characteristics of Surface-Enhanced Raman Scattering on Silicon 

Two primary features of SERS substrates made of silicon nanohybrid materials stand out: first, the substrates 

significantly improve SERS signals, and second, the signals may be reproduced with relative ease. Not only does 

metal nanoparticles interact with one another via plasmon resonance, but they also effectively couple with 

neighbouring silicon substrates (semiconductors) [43, 44], which enhances SERS. The connection between SERS 

substrates made of silicon and the related SERS amplification effect at the nanoparticle level was studied by He and 

colleagues in 2014. When R6G is adsorbed onto gold nanoparticles modified on a silicon wafer substrate, the Raman 

signal (curve I) is stronger than when it is adsorbed onto quartz glass. Furthermore, the calculation shows that the EF 

value of the Raman signal on a silicon substrate that has been modified with gold nanoparticles is 2.5 × 10¹, which is 

greater than the EF value of the Raman signal on a quartz glass substrate (3.0 × 10²). The computed results further 

confirm experimental observations by simulating this system using finite-difference time-domain (FDTD). Near the 

interface of the gold nanoparticle and the silicon substrate, there is a maximum enhancement position of the 

normalised electromagnetic field (EM-field) (|E|2 /|E0 | 2, |E|2 and |E0 | 2, representing the intensity of the scattered 

and incident electromagnetic fields, respectively). Metal nanoparticles can augment the electromagnetic field via 

plasmonic interaction, which also occurs through plasmonic resonance coupling with neighbouring silicon substrates. 

In the space between the two surfaces, the electromagnetic field is amplified to a much greater extent. The normalised 

electromagnetic field intensity can be increased by a factor of 21.3 when gold nanoparticles (satellites) and silver 

nanoparticles (core) are mixed. This is approximately 4.6 times stronger than the enhancement effect of pure silver 

nanoparticles distributed on a silicon wafer. Meanwhile, SERS substrates made of silicon-based nanohybrids 

effectively limit the nanoparticles' random mobility and agglomeration by the direct fixation of metal nanoparticles 

[45-49] onto the silicon wafer, resulting in excellent repeatability. To conclude, silicon-based nanohybrids have the 

potential to become an effective analytical platform in real-world applications due to their high sensitivity and 

excellent reproducibility. 
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Figure 8. SERS substrates constructed using two-dimensional and threedimensional silicon nano-hybrid 

materials (silver nanoparticles modified silicon wafer (AgNP@Si) and gold nanoparticles modified silicon 

nanowire array (AuNP@SiNWAr)) and SERS sensors for different purposes constructed after 

functionalization. 

Figure 9. (a) SERS spectra of R6G molecules on different substrates: silicon (vertical curve I), quartz glass 

(vertical curve II), bare silicon (vertical curve III), and quartz glass (vertical curve IV). (b) Intensity of 

electromagnetic fields (EMFs) experienced by R6G molecules adsorbed on a single gold nanoparticle on various 

substrates: silicon (I), quartz glass (II), bare silicon (III), and bare quartz glass (IV). The direction of the 

incident laser's propagation is shown by arrow k, while its polarisation is represented by arrow E. (B) FDTD 

model of the distribution of EM field intensity for a single gold nanoparticle in various dielectric settings. The 

XY plane (a) is perpendicular to the substrate via the centre of the gold nanoparticle, and the XZ plane (b) is 

above the 1nm underlying substrate. The pink arrow pointing in the z-direction indicates that the incident laser 

light has a wavelength of 514 nm. The direction of laser polarisation (along the x-axis) is indicated by the cyan 

arrow. An XY plane simulation of the normalised electromagnetic field intensity distribution (|E|2 /|E0|2) of a 

single gold nanoparticle on a silicon substrate (c), a quartz glass substrate (e), and air (g) 

Advanced SERS Substrates Based on Silicon Nanohybrids 

In this section, we will go over the layout and production of two common silicon nanohybrid SERS substrates: silicon 

nanowires (SiNWs) that have been adorned with gold and silver nanoparticles (AuNPs/AgNPs) and silicon wafer (Si) 

that has been covered with gold and silver nanoparticles. 

Conductive SERS Active Substrates Based on Silicon Nanowires 

As a crucial one-dimensional silicon nanostructure, silicon nanowires are now manufactured using one of four 

established methods: Methods for electroless metal catalytic etching, vapor-liquid-solid (VLS), chemical vapour 

deposition (CVD), oxide-assisted growth (OAG),101, and 102–108 Several reports in the literature have discussed 

these four types of preparation. Using a more developed oxidation-reduction reaction process, metal nanoparticles can 

be added to silicon nanowires made using the previous method. To create silicon nanowires with metal nanoparticles 

attached, hydrofluoric acid can be used to erode the surface of the nanowires with free metal ions present in the 
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reaction (Half-cell reaction: Si + 6F→ → SiF62- + 4e). By utilising in-situ growth of gold nanoparticles on the surface 

of silicon nanowires80 in 2013, He et al. succeeded in creating a SERS substrate of silicon nanoparticles modified 

with gold nanoparticles (AuNPs@SiNWs) with an EF value ranging from 106 to 108. The size and distribution of the 

nanoparticles were customisable. Furthermore, a wide range of hybrid materials based on silicon nanowires and 

created by nanogold modification of various nanostructures (including spherical nanoparticles, cylindrical nanorods, 

triangular prism nanorods, and nanoparticle dimers) are being developed at a rapid pace and exhibiting promising 

SERS performance [50, 51]. A Raman signal approximately 24 times stronger than the inherent Raman signal was 

detected when silicon nanowires were treated with a nano-gold dimer and subjected to a stronger magnetic field. 

Simultaneously, points perpendicular to and parallel to the silicon wires are used to measure the Raman signal for the 

structure of gold nanorod-modified silicon nanowires. The results show that the Raman signals are stronger for silicon 

nanowires that have been changed in parallel with gold nanorods. First of its kind, this study proves that antenna effect 

can boost surface plasmons and gives useful data for investigating the mechanism of Raman amplification. Increasing 

the EF value of SERS substrates is the subject of numerous recent publications that discuss surface modification of 

silicon nanowires using silver nanoparticles. The surface of silicon nanowires is coated with a significant number of 

silver nanoparticles, as shown in images of transmission electron microscopy and atomic force microscopy of silicon 

nanowires modified by silver nanoparticles (AgNPs@SiNWs). On top of that, using silicon nanowire as a 

semiconductor to efficiently couple silver nanoparticles to its surface creates SERS hot spots, which greatly enhances 

SERS signals.80 Along with the previously mentioned method of coating individual silicon nanowires with silver 

nanoparticles, Lee and colleagues in 2010 also developed a method of modifying silicon nanoarrays with silver 

nanoparticles and arranging silicon nanowires in an ordered fashion. 

CONCLUSION 

In conclusion, this study surveyed the most recent noteworthy advancements in the creation of optical biochemical 

sensors based on silicon, with a focus on fluorescence sensors based on zero-dimensional silicon nanoparticles and 

SERS sensors based on two-dimensional silicon nanohybrids. From one angle, there are several study papers based on 

various quantum dot sensors, and although there are a number of analytical instances that can be recognised by 

fluorescence sensors based on silicon nanoparticles, this field is still in its early stages. When it comes to building 

databases, SERS substrates based on silicon nanohybrids have a lot of benefits, such as a noninvasive data capture 

technique, strong anti-interfering ability, abundant and unique intrinsic fingerprint information, and more. Thus, 

silicon nanohybrids chips demonstrate great promise as a tool for building large and trustworthy databases, which 

could aid AI in making decisions regarding quick and accurate clinical diagnoses. Silicon nanohybrids-based SERS 

sensors still face numerous significant problems and hurdles, notwithstanding the accomplishments described before. 

To start, there has to be more detail provided regarding how silicon supports SERS enhancement. Secondly, it is still 

difficult to synthesise the silicon-based nanohybrid substrate with the desired morphology (e.g., length, diameter, size 

distribution, etc.) in a controlled manner. Third, there is a high need for the creation of innovative wearable or portable 

SERS sensors based on silicon nanohybrids to meet the needs of point-of-care or on-site detection. The silicon-based 

nano-hybrid SERS sensor is anticipated to construct a more dependable and potent analysis and detection platform 

that will see extensive usage in the future, subject to the satisfactory resolution of these issues. 
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