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Abstract 

SERS has developed rapidly since it was discovered in 1970s. Due to its 
remarkable ability to identify compounds, SERS has received attention from 
researchers across diverse fields. The control over the size, shape and material of a 
surface are available even at the nano scale, has reinvigorated SERS and the 
development of analytical tool rather interest in surface phenomenon. In this paper, a 
brief introduction to the theoretical basis for SERS will be present, followed by a 
review of the methods available to synthesis nanoparticles or nanostructured surfaces 
as SERS active probes, as well as their enhancement effects for SERS.  
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Introduction 
Raman scattering is an inelastic scattering. When molecular are excited by lasers, 

the applied field induces an oscillating dipole in the molecule on the surface. This 
dipole then radiates, and there is a small probability that the radiated light is Stokes 
shifted by the vibrational frequency of the molecule, giving information about the 
vibrational modes for molecular. Raman spectroscopy is generally used as fingerprint 
to identify molecular through observing the vibrational, rotational, and other low-
frequency modes in a system. As time being, there are more and more types of Raman 
spectroscopy, such as surface-enhanced Raman, resonance Raman, tip-enhanced 
Raman, polarized Raman, transmission Raman, spatially offset Raman, and hyper 
Raman.  

Surface-enhanced Raman scattering (SERS) was discovered more than forty 
years ago, in 1970s, by Fleischmann et al. [1]. This field developed explosively during 
the first ten years. But it slowed down a bit and the interest transferred from 
fundamentals to applications in the second decades. And then for the third decades, 
single molecular detection for SERS was achieved in theory. These years, Surface-
Enhanced Raman Spectroscopy (SERS) has received tremendous attention due to its 
high sensitivity and high specificity for molecular spectroscopy.  

The effect of using Au, Ag, Cu nanoparticles as a near-field optical probe or an 
active substrate in SERS relies heavily on their size and shape-dependent surface 
plasmon resonance properties. On another aspect, the shapes of the nanoparticles are 
decided by the synthesis methods while the size of nanoparticles can be influenced by 
both the synthesis methods and some other factors like reaction time etc. A number of 
techniques have been used for the production of nanoparticles, such as gas-
evaporation,[3][4] sputtering,[5] coprecipitation,[6] hydrothermal,[7][8] sol-gel method,[9] 
microemulsion,[10][11][12] etc. Through these methods, all of the zero-dimensional (e.g., 
spheres and cubes), one-dimensional (e.g., rods [15]), two-dimensional (e.g., plates [14]), 
three-dimensional nanoparticles can be produced. In addition, more complex shapes 
like core-shell nanoparticles [11] [12] and multishell nanoparticles [13] can be prepared.  
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Mechanisms 
   There are two main mechanisms operate parallel for the enhancement effect of 
SERS in literature. In the view of physicists, it is because the electromagnetic field of 
light at the surface is greatly enhanced under the existence of surface plasma, which is 
the collective excitation of electron gas near the surface of a conductor, leading to the 
amplification of both the incident laser and the scattered Raman field signal through 
their interaction with the surface. The chemical theory works only when there are 
chemical bonds formed with the surface. It has its limitation because actually the 
SERS-enhancement can occur even when the sample molecule is far away from the 
surface hosting surface plasma, but it can well explain some phenomenon that the 
electromagnetic theory cannot explain. [17] The following of this part is to discuss the 
two theories in more detail.  
 

	  
Fig 1. Illustration of the localized surface plasmon resonance effect. 

 
1. Electromagnetic enhancement mechanism 

In order to estimate the light field upon the surface of a particle, let’s firstly make 
the following approximations to simplify: first, the particle is spherical; second, the 
radius(r) of the particle is much smaller than the wavelength (𝜆 of light (r/𝜆<0.1); 
third, the electric field is uniform across the particle (Fig 1), so that Maxwell’s 
equations can be replaced by the Laplace equation of electrostatics. Then the induced 
field at the surface of the sphere is related to the applied laser field by equation (1), 

𝐸!"#$%&# =
!!" ! !!!"
!!" ! !!!!"

 𝐸!"#$% =g𝐸!"#$%                           (1) 
where 𝜀!" 𝜔  is a frequency-dependent, complex dielectric function of the metal 

nanoparticles, 𝜀!"  is the relative permittivity of the external environment and g 
represents the ratio of 𝐸!"#$%&# and 𝐸!"#$%. The numerical factor of 2 may vary for 
different structures. This function is resonant at the frequency for which 
Re(𝜀!" 𝜔 )=−2𝜀!", and at this frequency the surface plasma will greatly increase the 
induced local field on the surface of the particle as well as the Raman scattered field. 
On the other hand, The imaginary part of dialect function𝜀!" 𝜔 , Im(𝜀!" 𝜔 ), 
measures the losses in the material. Low loss materials sustain sharper and more 
intense resonances than those where scattering and other dissipative mechanisms are 
important.  

Therefore, a proper metal material should fulfill such requirements that 1) the 
excitation frequency for which Re( 𝜀!" 𝜔 ) satisfies a resonance condition is 
reachable, and 2) Im(𝜀!" 𝜔 ) is as close to zero as possible. The imaginary part of the 
dielectric function for the coinage and alkali metals is very small at the resonance 
frequency. 
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2. Chemical mechanism 
However, when it comes to systems with a lone pair of electrons, in which the 

molecules can bond to the surface, the physical mechanism will not be able to explain 
the magnitude of the enhancement properly. For example, according to 
electromagnetic theory, CO and N2 molecules should have similar SERS intensities 
under same experimental conditions, but it actually differs by a factor of 200. [16] So 
there should be another mechanism operating parallel with the electromagnetic 
mechanism.  

The chemical theory gives good explanation for the difference in SERS-
enhancement factors by indicating that there’s electronic coupling between metal and 
molecule, i.e. the presence of surface plasma on the metal will alter the polarizability 
of adsorbed molecule when the analyst molecule is chemisorbed to the metal surface.  
There are two possible reasons that will lead to enhancement of Raman signal: 1) the 
electronic states of the adsorbate are shifted and broadened by their interaction with 
the surface, or, 2) new electronic states arise because of charge transfer between 
molecule and metal, i.e. chemisorption, serve as resonant intermediate states in 
Raman scattering. The enhanced SERS signal results from inelastic tunneling of the 
ballistic electrons to the lowest unoccupied molecular orbital (LUMO) of the 
chemisorbed molecule, emitting a Raman-shifted photon. [18]  
 
3. Quantification and measurement of Raman enhancement 
 As shown in Fig 2 are two typical configurations for Raman spectroscopy 
measurement, as well as schematic diagram of the experimental setup as laid out on 
the laser table.  
 

 
Fig 2.  Schematic representation of two instrumental approaches to the measurement of SER spectra. Abbreviations: CCD, 
charge-coupled device; CL, collection lens; FL, focusing lens; NF, notch filter. (Reproduced from ref 2. Copyright Annual 

Reviews, 2008) 

Fig. 2a is Macro-Raman configuration. It is used when 100-µm-to-millimeter spatial 
resolution is sufficient. And Fig. 2b is Micro-Raman configuration, the spatial 
resolution of which is increased by using a microscope objective for illumination and 
collection. The setup as illustrated in figure 2c involves a series if flipper mirrors for 
quick switching between lasers to across nearly the entire visible and near-infrared 
range of the spectrum. It is usually used in experiments scanning SER spectra over 
many different wavelengths.  

 



	   6	  

The theoretical SERS electromagnetic enhancement factor (EF) is defined as 
equation (2) [2], where the primed symbols refer to the field evaluated at the scattered 
frequency.  

𝐸𝐹 = !!"#$%&# ! !!"#$%&#
! !

!!"#$% !  ~ 𝑔 ! 𝑔! !                          (2) 
As a result, the overall enhancement will scale with ~g4, which is commonly referred 
to as E4 enhancement i.e. the fourth power of field enhancement at the nanoparticle 
surface. Practically, people often use equation (3) to decide 𝐸𝐹 because it is simpler 
for experimentally measure.  

𝐸𝐹 = !!"#! !!"#$%&'
!!"# !!"#$%&

                                             (3) 
Where 𝐼!"#!  is the surface-enhanced Raman intensity, 𝑁!"#$%&'  is the number of 
molecules bound to the enhancing metallic substrate, 𝐼!"#  is the normal Raman 
intensity, and 𝑁!"#$%& is the number of molecules in the excitation volume. 
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Synthesis methods and enhancement effects of SERS probes 
	  

Field effect has been studied as a function of nanoparticle aspect ratio and shape. 
As early as 1995, Yang et al developed a discrete dipole approximation method to 
determine extinction and Raman intensities for small metal particles of arbitrary 
shape. [24] SERS enhancement even factors up to 14 orders of magnitude have been 
reported in the literature in 1997.[29] Later in 2001, R. Jin et al have predicted that 
silver nanoprisms should have enormous SERS enhancement factors and second 
harmonic generation capabilities. [19] A few years later in 2004 and 2005, Zou S and 
Schatz et al calculated the enhancement of silver nanoparticle array structure with the 
discrete dipole approximation of Yang[24],  and showed an electric field enhancement 
factor over 106 for the plasmonic resonance between two nearby nanoparticles [22],  
interesting optical phenomena that occur in extended arrays of nanoparticles was also 
uncovered in the same year.  [23] Till now, both the modeling and experimental 
fabricating of SERS probes have achieved great progress and are still attracting the 
interest of researchers from verities of fields.  
 As stated in the theoretical part, coinage metal (Cu, Ag, Au) and alkali metals (Li 
Na, K, Rb, Cs, Fr) are theoretically good candidate materials for Raman probes. 
However, due to the reactivity of alkali metals, they are rarely used for Raman probes. 
The most commonly used material is Ag and Au whereas silver has a 10–100 times 
larger SERS activity than gold.[39] There are numerous techniques used for the 
synthesis of nanoparticles, including gas-evaporation [3][4], sputtering [5], 
coprecipitation [6], hydrothermal [7][8], sol-gel method [9], microemulsion [10][11], etc. 
Using these methods, a variety of shapes and structures have been made including the 
zero-dimensional spheres and cubes, one-dimensional rods [15], two-dimensional 
plates [14], three-dimensional nanoparticles etc. In addition, more complex shapes like 
core-shell nanoparticles [12] and multishell nanoparticles [13] have also been prepared.  
 For the following of this part, I would focus on the fabrication methods of nano-
sized Raman probes and meanwhile, evaluating different enhancement effect of 
probes made through these different methods.  
 
1. Gas-evaporation  
Gas-evaporation refers to the technique that evaporating a metal in an atmosphere 

of inactive gas, for example, argon, nitrogen and so on. It is usually used to prepare 
particles with diameter less than 1𝜇m.  Since even the most ultra-pure water may 
contain traces of minerals, which will induce additional noise signals for 
measurement, gas-evaporation proves a good process to make nanoparticle probes. 
Besides, properties like particle size, crystallinity, degree of agglomeration, porosity, 
chemical homogeneity, stoichiometry, are relatively controllable in gas-phase 
synthesis through adjusting the process parameters or adding extra processing step 
such as sintering or size fractionation.  The shape of nano-sized probes made through 
gas-evaporation is usually arbitrary, while the size of nanoparticles ranges from 
several nanometers to several tens of nanometers. [3][4]  
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Fig 3. Schematic diagram of the angle evaporation technique for fabricating nanometer-size gaps in a controlled manner. 

(Reproduced from ref.28. Copyright Nano Letters, 2010) 
 
Nowadays electron beam lithography (EBL) has developed rapidly. There are 

research groups performing experimental studies of metal nanoparticle dimers based 
on this. But the separation of nanoparticles is limited to 10-20 nm [30] while the 
electric field enhancement increases sharply for nanoparticles separetions below 2nm. 
However, by combining EBL with angle evaporation technique, Jesse et al developed 
a method to produce arrays of plasmonic nanoparticles with separations on the order 
of 1 nm in 2010. The angle evaporation is as schematically scratched in Fig 3. Usually 
cooperatively used with nanosphere lithography, angle evaporation can limit the shape 
and size of particles and is normally used to produce triangular nanoparticles with 
angle-controlled gaps.  After fabrication, their Ag nanoparticle samples were coated 
with a dye molecule, which is non-Raman-resonant, and then measured the SERS 
response of these coated Ag nanoparticle array by spatially mapping their Raman 
intensities with confocal micro-Raman spectroscopy. The results shows that these 
nearly touching nanoparticles produced extremely high electric field intensities, 
leading to SERS signals when the incident laser is polarized parallel to the axis of 
nanoparticle pairs while no enhancement is observed for the perpendicular 
polarization. It was also predicted by numerical Finite Difference Time Domain 
(FDTD) simulations that an electric field intensity enhancement would reach 82400 at 
the center of the nanoparticle pair and that an electromagnetic SERS enhancement 
factor could reach 109-1010, which is good enough to be used in devices approaching 
chemical detection at the single molecule level. [28]  
    
2. Sputtering 

The process that particles are ejected from a solid target material due to 
bombardment of energetic particles is called sputtering. The most-often-used 
sputtering methods to prepare nanoparticles are magnetron sputtering and co-
sputtering.  

Silver films, dendrities[34],rods array[33], gold films[32], periodical Ag-capped Ag 
arrays[35], AgO layers[31] etc. are reported to have already been made for SERS using 
magnetron sputtering. The advantage of sputtering is similar to evaporation that 
relatively pure materials can be obtained, but sputtering method can be operated at 
room temperature within protecting gas atmosphere. And probes produced by this 
method usually have strong SERS enhancement and stability.  
Co-sputtering of carbon-metal targets is usually used to synthesize thin films of 

encapsulated nanoparticles whose size can be controlled and where no debris is 
obtained. The metallic particles will be encapsulated in graphite-like cages after 
synthesis. The solubility of carbon in Ag is very weak, so they will ‘demix’ after co-
deposition process. In 1998, Babonneau et al [5] reported that they have prepared well-
crystallized Ag particles (as shown in Fig 4), with an average diameter ranging from 
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1.5 nm to 2.5 nm by co-sputtering of Ag and graphite under temperature ranging from 
77K to 573K. And Ag particles were uniformly dispersed in an a-C matrix.  It was 
also indicated that these Ag particles are always ellipsoidal in shape and elongated 
along the growth direction of the thin layer.  

 
Fig 4. HRTEM micrography of a C–Ag

 
(773 K) thin film  (Reproduced from ref.5. Copyright Surface Science, 1998.) 

3. Co-precipitation  
In chemistry, co-precipitation means the carrying down of substances by a 

precipitate while normally the substance is normally soluble under the similar 
condition without precipitate. Generally speaking, there are three main mechanisms of 
co-precipitation: inclusion, occlusion, and adsorption. An inclusion occurs when the 
impurity occupies a lattice site in the crystal structure of the carrier, resulting in a 
crystallographic defect; this can happen when the ionic radius and charge of the 
impurity are similar to those of the carrier. An adsorbate is an impurity that is weakly 
bound (adsorbed) to the surface of the precipitate. An occlusion occurs when an 
adsorbed impurity gets physically trapped inside the crystal as it grows.  

In terms of synthesis, co-precipitation is often used when at least two different 
kinds of element need to be present in the product. For example, in 1999, Qi Chen et 
al reported their experiments on co-precipitation of MgFe2O4 [6], starting from FeCl3 
and MgCl2 solids mixed in water with concentrations of 0.8M and 0.4M respectively. 
By controlling the temperature of heat treatment, the size of these nanoparticles 
ranged from a few nanometers to about 20nm. While in the paper of Hu X et al [25], a 
different product was reported that the Au and Ag formed individual particles rather 
than compounds.  
Recently, there is a group synthesized a uniform SERS substrate by co-

precipitating three-dimensional Ag nanoporous films with Ag nanowires [36]. The 
calculated enhancement factor of their structure reached 5.5×10!. 
 
4. Hydrothermal [7][8] 

Hydrothermal method is commonly used in the synthesis of inorganic materials. It 
is widely applied in the field of nano-, bio- and geological materials. The main 
procedures of hydrothermal includes preparing reactant into solutions and packed; 
then the solutions are heated to certain temperature (generally several hundreds of  
degrees) in an apparatus consisting of a steel pressure vessel called an autoclave, in 
which a nutrient is supplied along with water. The advantage of this method is that it 
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is suitable for creating crystalline phases which are not stable at the melting point, and 
for materials which have a high vapour pressure near their melting points, and is also 
suitable for growing large good-quality crystals while maintaining good control over 
their composition. 

In 2007, Zeng and colleges proposed a self-assembly approach to form Au 
sponges with Au nanoparticles as precursor. [38] They brought forward that a 
hydrothermal condition is important for detaching surfactants and consequently 
initiating the self-assembly of gold nanoparticles. Their product is Au sponage with 
branchlike nanostructures sized from 15 to 150nm, which proved to be a highly active 
substrate material for SERS. And in the same year, Tang et al [37] successfully 
synthesized hyperbranched Au nanoparticles (Fig 5) by one-step hydrothermal using 
AF (ammonium formate) as reducing agent to reduce HAuCl4∙4H2O in the presence 
of PVP (Poly(N-vinyl-2-pyrrolidone), an organic polymer) under hydrothermal 
conditions. It was indicated that due to the Au branches with sharp edges and 
nanometer-scales gaps among them, which could serve as hot sites for local 
electromagnetic enhancement, a remarkable SERS effect in the local electromagnetic 
field was observed to selected probe molecule (4-ATP molecules), making it an ideal 
material for Raman-active substrate for sensitive biodetecting and biosensing. 

 
Fig 5. TEM images of branches of the dendritic Au particle obtained at 0.5 M AF. (a, b) Low-magnification TEM images. (c) 
High- resolution TEM image of the top of one branch, showing the formation of a perfect twinned plane between two Au single-
crystal structure, as shown by the white arrow. (d) High-resolution TEM image of a contact interface of two particle parts not 
showing twinning structure. (Reproduced from ref. 37, Copyright Langmuir, 2008) 

 
 
5. Sol-gel method [9] 

The sol-gel process can be used as a means of producing very thin films of metal 
oxides for various purposes. It is a method for producing solid materials (e.g., 
microspheres or nanospheres) from small molecules, which involves conversion of 
monomers into a colloidal solution (‘sol’, acts as the precursor) for an integrated 
network (or ‘gel’) of either discrete particles or network polymers. As shown in Fig 6, 
the stages and routs of sol-gel method include: 1) Firstly, the 'sol' gradually evolves 
towards the formation of a gel-like diphasic system containing both a liquid phase and 
solid phase whose morphologies range from discrete particles to continuous polymer 
networks. 2) Sedimentation and reaction. Centrifugation may be helpful for 
accelerating the process of phase separation. 3) The third step is a drying process to 
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remove the remaining liquid phase. Ultimate microstructure of the final component 
will be strongly influenced by changes imposed upon the structural template during 
this phase of processing. 4) The fourth step is firing process, a thermal treatment to 
favor further polycondensation and enhance mechanical properties and structural 
stability.  
 

 
Fig 6. Different stages and routes of the sol-gel technology. (Reproduced from Claudionico’s work on Wikipedia, sol-gel 

page. Copyright Claudionico, 2014) 
 

The distinct advantages of this approach are that it is a cheap and low-temperature 
technique and allows for the fine control of the product’s chemical composition. 
However, maybe because it may tends to form defects, hydroxides or in amorphous 
form for the product, this method is relatively rarely used compared to other methods 
to prepare SERS probes or substrates.  

Around 1999, a group in Berlin University produced a substrate consist of metal 
colloids encapsulated in a sol-gel-derived xerogel layer. Their purpose was to develop 
SERS substrate for in situ environment determination of chemicals in sea-water. [40][41] 
They did their experiments in this way because bare Ag is chemically unsuitable in 
sea-water and its SERS activity will fall to zero within a few minutes, because 
chloride ions will be adsorbed to the surface, forming AgCl, while, as they stated, 
silver colloids, when encapsulated in certain xerogel films, can operate effectively in 
sea-water. Result shows this specific substrate have an inherent selectivity to target 
substances based on polarity and interaction strength between the molecule and 
colloid metal. 

 
 
6. Microemulsion [10][11][12] 

Microemulsion means clear, thermodynamically stable, isotropic liquid mixtures 
of oil and water under the help of surfactant. The size of droplets dispersed in 
microemulsion ranges from 5nm to 100nm. Generally speaking, there are three basic 
types of microemulsions: 1) oil dispersed in water (o/w), 2) reversed microemulsion, 
water dispersed in oil (w/o) , and 3) bicontinuous microemulsion, both water and oil 
phases are continuous within the microemulsion. Because of the property of 
uniformity and stability, the surfactant-covered water droplets (or oil droplet in the 
case of microemulsion, rather than reversed one) can provide a unique 
microenvironment for the formation of nanoparticles where aqueous components 
constrained in the water droplet can come together and react. In addition, the 
nanoparticles formed can be separated by organic phase and protected by surfactants 
to avoid probable oxidation. [11] The product made through microemulsion method is 
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pretty uniform and monodispersed because the size of water droplet is controlled by 
molar ratio of water to surfactant, which decides the adsorption of surfactants onto the 
particles. [42]  

Microemulsion method is usually used to produce individual nanoparticles for 
product particles can be easily separated from each other without aggregation by 
surfactants. But there are also research using this method to produce Au aggragates 
(Fig 7) and obtained stronger SERS enhancement (2-40 times) than isolated 
nanoparticles, [43] which is reasonable because the aggregates enables additional 
strong field enhancement in the gap regions between the particles.  

  

 
Fig 7. TEM images of Au aggregates/DTNB@SiO2 nanoparticles (a) and Au nanoparticle/DTNB@SiO2 

nanoparticles (b). The scale bar is 50 nm.  (Reproduced from ref.43. Copyright Talanta, 2011)[43] 

 
 
 

Z. Wang et al. / Talanta 86 (2011) 170– 177 173

Fig. 1. Extinction spectra of Au nanoparticles (0.6 mL)  upon the addition of DTNB (a) and 4MBA (b) solution (10−3 M,  2 mL) at different times as 1 min, 3 min, 6 min, 9 min,
12  min, 15 min, 18 min, 21 min, 24 min, 27 min, 30 min  and 40 min.

Fig. 2. TEM images of Au aggregates/DTNB@SiO2 nanoparticles (a) and Au nanoparticle/DTNB@SiO2 nanoparticles (b). The scale bar is 50 nm.

Fig. 3. Extinction spectra of Au aggregates/DTNB@SiO2, Au nanoparticle/DTNB@SiO2 (a) and Au aggregates/4MBA@SiO2 nanoparticles, Au nanoparticle/4MBA@SiO2 (b).
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Conclusions and discussions 
As a summation for above probes produced by various methods, SERS probes 

with following properties tend to have high enhancement factors: (1) Nearly-touching 
nanoparticles with separation below 2nm or nanoparticle aggregates will have higher 
enhancement than isolated nanoparticles. (2) Nanoparticles with branches. (3) 
Structures with sharp edges, and (4) with smaller gap regions will be more SERS 
active, because additional strong-field-enhancement signals can be excited in these 
configurations.  

In terms of material, coinage metal (Cu, Ag, Au) and some of their oxides are 
excellent for making Raman probes because excitation frequency is reachable for 
these materials, and at the same time, loss is small. Among them, Ag has the highest 
SERS activity. As far as shape is concerned, the more nano-branches or nano-scales 
gaps serving as hot sites for local electromagnetic enhancement, the higher 
enhancement effect will be achieved. In addition, the enhancement effect is also 
related to the separation between particles. The smaller the separation is, the higher 
enhancement will be achieved. For the effect of size of different probes, there’s a 
systemic study by Bell et al [44] investigating the enhancement of Au nano-colloids 
with diameters ranging from 21 to 146nm, and they found significant improvements 
in enhancement for 46-74nm specifically. 

By now six methods that can be used to synthesis SERS probes are introduced. 
As stated above, each method has its advantages and disadvantages, and SERS 
nanoprobes produced by different methods will have different shape and size. To 
compare among these 6 methods, it is easier to obtain uniform products using 
sputtering, evaporation, microemulsion and co-precipitation methods, while probes 
produced by sol-gel method tend to contain defects. As far as operability is concerned, 
methods including sputtering, co-precipitation, microemulsion are more favorable 
because these methods can be operated at lower temperature. From the view of size 
and shape controllability of products, gas-evaporation and especially microemulsion 
method are most favored to produce SERS probes.  

To improve the size and shape controllability of products, and to further enhance 
the Raman signals, many modern approaches have been conbined with the above six 
methods, such as capillary assembly and soft lithography [48], electron-beam 
lithography and nanotransfer printing, which make characteristics of SERS substrates 
including the size, shape and spacing fairly controllable.  

Besides, various novel and complicated shapes and configurations have been 
designed to achieve high enhancement factors, including anoparticles arrays, 
nanowire arrays [46], nanostars[47], nanoparticle cluster arrays, etc. For example, 
repeated (multistep) galvanic replacement reactions can be used together with 
microemulsion method to produce nanodisk-core multi-shell nanoparticles (Fig 8) in 
which the ring-gap structures will give very high local field enhancement factors [45].  

 
Fig 8. Illustration of production procedure and the shape of nanodisk-core multi-shell nanoparticles  (Reproduced from ref.45. 

Copyright Chemistry of Materials, 2014) 
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 Till now, most approaches to fabricate SERS probes are physical or chemical 
methods. If seen from the view of biology, Ag and Au are also biocompatible 
materials, for example, biological materials can be easily attached to the surface of Au 
and Ag materials. Researchers usually use Raman spectroscopy to detect biomaterials. 
But the property of biocompatibility can be even more valuable if it can also be used 
to improve SERS enhancement. There are researches reporting Au nanoparticles 
mosaicked on membranes at present. Maybe we can also use materials like cell 
membranes as substrates in the future. But purity and stability will be a big problem 
then, because organic materials can be very complicated in composition. 
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