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Introduction
Surface enhanced Raman scattering (SERS), as one of the most 

sensitive spectroscopic tools, shows highly sensitive biological and 
chemical detection. The tremendous efforts have been put into highly 
SERS-active substrates designed and fabricated with nano structured 
films and metallic nanoparticles because particle plasmon allows 
direct coupling of light to resonant electron plasmon oscillation. 
Theoretical investigation indicates that symmetry breaking resulting 
in along the structure and in gaps formed between these materials 
more intense electromagnetic field generated, permits for more 
complex plasmon propagation. As excellent candidates for SERS 
substrates, anisotropic metallic nanostructures possess all of the 
necessary characteristics. Hence, anisotropic materials are ideal for 
SERS. Since SERS discovered in 1973, it attracts more and more 
substantial attention.1 Mean while, it makes a promising solution to 
solve the problem of the low sensitivity existed in the conventional 
Raman spectroscopy. SERS makes Raman spectroscopy more 
applicable to enhance the surface sensitivity. Moreover, it arouses 
the devotion of the investigation of the interfacial processes related 
to optical scattering enhanced from adsorbates on metal surfaces. In 
various kinds of fields from diagnostics to plasmonics, a worldwide 
effort has been put into optimizing, exploring and harnessing SERS 
spurring with the advent of SERS.2–5

The molecule and multi-amplification of the reradiated Raman 
scattered light excited in the local optical field are taken from an 
increment originated by predominantly electromagnetic SERS 
effect.6–11 Usually, in most SERS systems, this optical enhancement 
is related to the surface plasmon oscillations excitation. Surfaces 

with nanostructures commonly make the formation of the surface 
plasma resonance. When a laser beam is irradiated the metal surface 
with nanostructures, the light electromagnetic radiation coupled the 
metal surface and the free electrons confined on the metal surface in 
nanometer size coherently oscillated are taken as the localized surface 
plasma resonance. Such oscillation in the near-IR and visible-near UV 
region is spurring the intense absorption, UV-Vis spectroscopy can 
easily observe and record it. Research shows that the normal oscillation 
modes of the surface plasma resonance are resonant with both the 
excitation and the scattered photon for surface features smaller than 
the incident optical wavelength. The dielectric constant of the metal, 
determined the frequency of the surface plasma resonance, is the key 
to the SERS effects detected from only a few metals such as alkali 
metals, Au, Ag, and Cu.12–16 With the mechanism of SERS extensive 
exploring, SERS have an effective nanoscale effects in the field of 
nanoscience. When the nanostructures are agglomerated or distributed 
uniformly, the relevant intensity of SERS will be significantly 
decreased, for example, nanoparticles, nanorods, nanobranches and 
nano wires as the size of the constructed structures is much smaller 
than 10 nm or much larger than 100 nm. It is well known that the 
enhancement of SERS are mainly relied on the NPs morphology or 
their geometrical configuration, which means the aggregation can 
make the relevant plasmon resonance.17–19

Due to the light direct coupling with resonant electron plasmon 
oscillation for the particle plasmon, the substrates with metallic NPs 
and nanostructured films for highly SERS-activing are deeply designed 
and fabricated. At certain local junctions, the substrates sprayed with 
gold or silver colloids possess strong SERS signals. Results show 
that at nanoparticle junctions NPs coupled with intensively enhanced 
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Abstract

Owing to the definitely excellent property of nanostructures such as controllable release 
of ions from the buried nanoscale thin layers, cell response to microscale morphological 
changes of substrates, distinctively enhancing sensitivity rendered by electrodes with sizes 
less than 10 micrometers, and dramatically increasing electromagnetic field from local 
surface plasmon resonance of nanostructures, nanostructures are playing more and more 
crucial role in the challenging fields. As one of the most sensitive spectroscopic tools, 
surface enhanced Raman scattering (SERS) shows highly sensitive biological and chemical 
detection, such as applications for a better biomedical applications and ecotoxicology. It 
is well known that surfaces with functioned nanostructures often possessthe formation of 
surface plasma resonance resulted in SERS distinctive enhancement attractively. Therefore, 
nanostructures(such as nanorods and nanobranches/wires, nanofractal, nanoprisms, and 
hybrid nanostructures) for SERS are marked aim to provide the related vital information. It 
should be pointed out that there are a lot of substantial improvements related to the technical 
innovation in SERS fabrication with anisotropic nanostructures. However, obstacles or 
challenges are still to prevent these techniques from extensively applying in the practical 
applications, especially for the SERS-based systems. The significantly crucial case is that 
it is hard to control anisotropic nanoobjects assembly into ordered structures because the 
degree of order among the individual building blocks, spatial arrangement and the assembly 
direction determine the new and/or improved properties.

Keywords: nanostructure, surface-enhanced raman scattering, environmental application, 
nanorods, nanowires, nanoprisms, fractal, hybrid, anisotropic, ordered
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electromagnetic field. To date, although at some local “hot spots” gold 
or silver colloid spraying on as ubstrate can achieve so-called high 
SERS signal to some extent, SERS spanning a wide dynamic range 
with uniform, stable, and reliable signal by this approach cannot be 
obtained easily. The relevant reason is the close-packed crystal-like 
structures and isolated particles are also the colloids components 
which show weak SERS enhancement. However, at present, the most 
investigation method is taken colloidal noble NPs as the bulk solution-
based biochemical detection. For substrates, they should suffer from 
the reproducibility and the limited stability which are not suitable 
for the large-scale production of SERS-based sensors.20–22 Research 
illustrates complex plasmon propagation can be occurred more with 
the symmetry breaking, and in the gaps formed in these materials 
and along the structure more intense electromagnetic field generation 
is also occurred. Therefore, the anisotropic materials are ideal 
candidates for SERS. As the ideal candidates for SERS, anisotropic 
metallic nanostructures can realize (a)Bands of plasmon absorption 
can be controlled by controlling the aspect ratio of nanocrystals; (b) 
Symmetry breaking favoring for more complex plasmon propagation; 
(c) nanobranches, nanowires and nanorods aggregation or assembly 
can be fabricated easily resulted in the large field enhancement; (d) 
Functional architectures with anisotropic nanoobjects have attractive 
shape and size dependent properties; (e)The size of the sharp 
surface features and highly curved anisotropic nanostructures is less 
than 100 nm can improve the localized electromagnetic field up to 
ahundredfold.23–25

Nanorods and nanobranches/wires

The current common anisotropic metallic nanostructures are 
shown innanobranches/wires and nanorods containing a long axis 
for inducing multipolar plasmon activity. Such structures have been 
designed and fabricated by many synthesisapproaches.26–32 But, for 1D 
nanostructures are most hardly ordered. Although it can be achieved 
the amplified Raman spectra, the related mechanism of SERS is hard 
to be revealed. For fabricating the ideal SERS-active substrates with 
uniform nanobranches/wires arrays and nanorods, electron beam 
lithography with nano techhnique, a mature technique originating 

from traditional contact printing technique has been applied to 
fabricate SERS-activesubstrate.33 With the aid of the computer control 
of the size of the unit and the distance of intergaps precisely, effective 
SERS-active substrates from Au NPs and Aunanohole arrays were 
effectively achieved. Figure 1 shows different Aunanohole arrays 
with various diameters of units and the distances of intergaps and 
Table 1 lists the relevant nanoholearrays dimensions for comparison, 
where D: unit diameters, S: intergap distances, Nsurface is the number 
of 4-MBAmolecules adsorbed on the SERS-active area where the 
laser spot is irradiated, and EF: EF=IsurfaceNsolution/IsolutionNsurface.Isurface 
and Isolution are 1077 cm-1 band intensities from the NP and nanohole 
array substrate and solution sample, respectively.Nsolution is defined as 
the number of 4-mercaptobenzoic acid (4-MBA) molecules irradiated 
with the spot of laser, calculated as 5.34×108 with 78.5 µm2 of the 
size area of a laser spot and a packing density of 6.8×1014 4-MBA 
molecules/cm2. Meanwhile, 4-MBA was taken as probe molecules, 
and self-assembled on Aunanoarrays to generate SERS spectra for the 
calculation of the enhancement to sure the influence of the size of the 
unit and the distance of the intergapson the SERS signals from various 
arrays.

It indicates that EF clearly increased with the decrement of the 
intergap distance with the constant nanohole diameter. However, 
the increment in the nanoholes diameter distictively increased EF 
at the constant intergap distance, showing anopposite trend to that 
of in the Au nanoparticle arrays. The maximum EF, 8.61×106, was 
obtained in Aunanohole arrays at a 125 nm intergap distance and 562 
nm nanohole diameter, which can be compatible with the highest 
EF (1.08×107) received from the nanoparticle array with an intergap 
distance of 130 nm and a unit diameter of 90 nm. The results listed 
in Table 1 express a wide extent of intergap distances and nanohole 
arrays of nanohole diameters which obtained a high EF. The highest 
EF, 8.61×106, was got in the Aunanohole array at an intergap distance 
of 125 nm, a unit diameter of 562 nm, and a hole depth of 300 nm. 
Moreover, it is considered a simpler task by this simple fabrication 
procedure to make unit diameters varying from 100nm to 500 nm and 
an approximately 125 nm intergap distance for the nanohole arrays 
than to prepare the nanoparticle arrays.

Table 1 Au nanohole arrays: the calculated EF of SERS 

Sample D (nm) S (nm) SERS-active area 
(cm2) Nsurface Calculated EF

a 125 125 0.00289 4.29 × 108 7.60 × 104

b 125 312 0.00337 5.00 × 108 2.34 × 104

c 125 500 0.00349 5.17 × 108 1.94 × 104

d 312 125 0.00216 3.20 × 108 2.37 × 106

e 312 312 0.00289 4.29 × 108 2.31 × 106

f 312 500 0.00318 4.72 × 108 5.51 × 105

g 562 125 0.00171 2.53 × 108 8.61 × 106

h 562 312 0.00243 3.61 × 108 7.88 × 106

i 562 500 0.00281 4.17 × 108 5.86 × 106

Up to now, the investigation in this area for SERS is relatively rare. 
The main reason is probably that the regular nanostructures fabricating 
time is longer by these lithographic techniques. In addition, for the 
structures with high aspect ratio along with large area substrates, it is 
hard to obtain. Anodic aluminumoxide (AAO) templates, as another 

important nanofabrication template synthesis technique, is reliable 
in organic solvents and at high temperature. The large arrays of 
nanobranches/wires and nanorodscan be achieved by this method.34,35 
The ease handling materials is primarily attractive. The Alsubstrate 
gives both electrical contact and the mechanical support. The oxide 
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layer thickness can be easily tuned in the range of very thick to very 
thin. Controlling the reaction time can obtain different pore size of 
AAO templates and the applied voltage can control the pores density.

Figure 1 Aunanohole arrays with various dimensions.

Since 1995, AAO template has been used to make silver substrates 
for SERS. AAO template synthesis shows a door to the fabrication 
of ordered 1D nanostructured SERS substrates. Hao and coworkers 
developeda novel surface SERS-active substrate by electrode position 
in AgNO3/PVP aqueous system with Ag-dendrites assembled on the 
surface and embedded in the channels of AAO membrane.36 Figure 2 
shows the mechanisms of the growth of Ag dendritic nanostructures. 
It reveals that Ag+ ions in the electrolyte migrate to Ag foil surface, 
from the working electrode attain electrons and reduce to Ag0 under 
the driving force of the electric field. Then clusters form when Ag 
atoms conglomerate. Meanwhile, the color of the silver foil becomes 
gray under the galvanic replacement reaction. After that, the reduction 
of Ag+ is more serious as free electrons migrate to the surface of 
AAO via electron channel. Consequently, silver atoms nucleate on 
AAO surface and self-assembly as spherical aggregates. With PVP 
(as the agent of the functional capping)attached on the surfaces of 
crystal nucleus to adjust the growth of the oriented attachment and 
Ostwald ripening dominated Ag dendrites at the surface of AAO self-
assembling, micro-silver dendrites are successfully obtained with 
high coverage.

Figure 3 expresses that the influence of the concentrations of 
AgNO3/PVP solution on the silver dendrites growth. It can be seen 
that all the films of the dense Agdendritedistribute on allover of the 
AAO supports surface. Furthermore, a distinctive structures with 
hierarchical dendritic characteristics stretch at least three branches 
at 0.06 M AgNO3/PVP. Figure 3b and the inset illustrate that the 
sharp sub branches gradually disappear when the concentration of 
AgNO3/PVP solution increases. While the concentration of AgNO3/
PVP solution increases further, the density of dendritic films becomes 
higher as shown in Figure 3c. It should be pointed out that three 
different kinds of dendritic structures with sharp branches even sub 
branches and uniform stems obtain at 0.1 M AgNO3/PVP solution. 
Moreover, tremendous leaf-like flakes coating on the surface of 
earlier formed dendritic structures without distinct sub branches are 
also detected (inset in Figure 3c). More attractively, there are some 
branches self-assembling into hexagon plates as shown in lower 
right of inset of Figure 3c. The relationship between SERS signal 

intensity and morphologiesis shown in Figure 3d. It indicates that the 
intensity of SERS reduces with the increment of the reaction agents 
concentration. Because of the distinct multi generation speriodic 
structure as well-defined, sharp branches and hierarchical surface 
roughness, the better enhancement of SERS of substrate obtaines at 
0.06 M AgNO3/PVP solution.

Figure 2 The proposed growth of silver dendritic.

Figure 3 (a-c) Synthesized Ag dendrites at various AgNO3/PVP 
solutionsconcentrations, (a) 0.06 M; (b) 0.08 M; (c) 0.1 M. (d) SERS spectra of 
10-6 M R6G adsorbed on the varioussilver dendritic substrates: (i) 0.06 M; (ii) 
0.08 M; (iii) 0.1 M.

TEM image of Ag dendrite and HRTEM image of the surface 
region of Ag dendrite are shown in Figure 4. It depicts that the inter-
planar separation of Ag lattice fringes of the dendrite structures with 
identical crystal orientation is 0.235 nm as shown in Figure 4b, and 
its growth direction is dominated along {111} plane. Also, the SAED 
pattern (the inset in Figure 4a) confirms the form ation of single 
crystal convincingly. Research indicates that the size of a mean inter 
particle gap is as small as 5±2 nm can be fabricated in silver rod-
like nanoparticle arrays. The gaps precisely controlling in the sub 
10 nm regime is crucial for achieving the attractive substrates with 
uniform high enhancement factors and better exploring or revealing 
the collective surface plasmons. However, for the present lithographic 
techniques, it is extremely hard. The same strategy has been shown 
to fabricate silver nano branches decorated with sputtered gold NPs 
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for SERS-active substrate.37 Figure 5 shows silver nanobeads (NBs) 
attached with various thicknesses of gold nanoparticles (NPs). It can 
be seen that the AAO templates surface color varies obviously with the 
pulsed electrode position of silver and the Al foils complete removal 
as shown in Figures 5a&5b shows Ag NBs distribute uniformly with 
high density on Ag nano wire arrays. Ag NBs embellish with different 
nominal thickness of Au NPs are shown in Figures 5c-5e. It shows that 
with the increment of the sputtered Au layers nominal thickness, gold 
NPs grow and the gaps between the neighboring Au NPs decrease 
spontaneously, the plasmonic coupling between adjacent gold NP 
senhancing.

Figure 4 (a) Silver dendrite TEM image (b) Silver dendrite surface region 
HRTEM image.

Figure 5 (a) Samples after 2nd anodization (1) pulsed electrodeposition 
(2) Al substrate removal (3) and AAO templatepartial dissolution (4); Gold 
nanoparticle-decorated silvernanbeads with nominal gold-thickness of (b) 0 nm, 
(c) 5 nm, (d) 15 nm, (e) 20 nm, (f) schematic diagram of multiple enhancements 
generated fromgap plasmon couplings, particle-branch, andinterparticle.

Figure 6 (a) A single nano-cone physical dimensions (b) An array of nano-
cones with period of 200 nm and a base diameter of 100 nm.

Compared with silver NBs with only gap plasmons, Ag NBs 
embellished with NPs give synergistic plasmonic enhancements 
from branch gaps, particle-branch, and interparticle, resulted in a 
tremendous SERS effect as illustrated in Figure 5f. More interestingly, 
the intensity of SERS of Ag NBs embellished with Au NPs at 1079 

cm-1is ∼10 times higher than that of silver nanobeads, indicating the 
definitely crucial effect of gold nanaparticles embellished on the silver 
nanobead substrate for the SERS effect enhancement.

For high SERS-active substrates, results indicate that the metal 
nanobranches/wires of the ordered transition with suitable dimensions 
are ideal candidates. In addition, silicon is also acrucial semiconducting 
material and its formed nanostructures are encouraging alternatives 
for future applications in integrated optoelectronic nanodevices. 
Up to now, by well-established silicon fabrication technology, the 
uniform silicon nanostructures with advanced characteristics can be 
easily synthesized. Consequently, silicon fabrication technology is 
considerably compatible with SERS substrate fabrication techniques, 
because by designing the desirable silicon nanostructures the 
performance of SERS can be effectively improved. The three main 
steps for Agcoated Sinanorod and nano wire arrays are only needed. 
Firstly, by simple chemical etching, a silicon wafer dipped into an 
aqueous HF solution containing Ag+ ions, high quality Sinanorods 
and nanowire arrays are fabricated. It includes Si wafer dissolution, 
Ag seed-induced excessive local oxidation, and subsequent 
3-aminopropyltrimethoxysilane (APTMS) modification. With air 
drying, the APTMS-modified silicon nanorods and nanowire arrays 
are dipped into an aqueous solution containing Au NPs. On the surface 
of Si nanorods and nanowires, the small Au NPs are immobilized by 
the amine group. At last, to deposit silver, the resulting Audecorated Si 
nanorods and nanowires arrays are immersed in a plating solution. By 
such approach, the silver deposition controlling can homogeneously 
achieve Ag film growth on Si nanowire arrays, which are beneficial to 
ultrasensitive molecular sensing with high SERS signal good stability, 
reproducibility, and enhancement ability.38-40

Nanofractal

Substrates with attractive fractal are quite complex. For the 
way to the more powerful and plentiful material resources, The 
“disordered” systems would be a better choice. With Mandelbrot 
first proposed fractal,41 research on both theoretical and application 
aspects is extensive explored. It is important to fabricate or optimize 
materials with different types of spectroscopy and nonlinear responses 
broadband amplification. The random nanocomposites with enhanced 
local responses can be applied in different kinds of spectroscopy, 
including single molecules SERS.42–44 It is well known that the fractal 
phenomena are demonstrated or revealed by the model of cluster-
cluster aggregation and diffusion-limited aggregation. Since the 
shape and size of the desired materials can beeasily tuned by a well-
defined template matrix, different templates spring up, such asporous 
anodic alumina, block copolymers, carbon nanotubes, hybrid organic-
inorganic mesoporous materials, micelles and track-etch polycarbonate 
membranes.45–47 In 2015, Cinelet investigated the effect of fractal nano-
antennas on the increase in SERS signal intensity through simulation 
to design substrates for SERS by E-beam lithography with highly 
predictable, repeatable, and sensitive substrates.48 Figure 6 shows the 
fabricated Au-SiO2-Au nano-cone arrays and its relevant simulation 
results of the electric field distribution at both Stokes wavelengths and 
the excitation is expressed in Figure 7. It elucidates that at the tip of 
the triangles and the gaps the intensified E-field of both wavelengths 
lead to definitely distinctive enhancement of SERS. The increment in 
the SERS signal intensity for fractal nano-antennas is own to in the 
cavities of the fractal structure hotspots are generated as a result of 
between the sub wave length features the plasmonic coupling.
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Figure 7 Electric field distributed at the laser (a, c) and Stokes shifted 
wavelength (b, d) 785 nm and 895 nm, respectively.

Xu et al.,49 calculated the fractal dimension of copper nano 
branches for SERS effect under 5 µA direct current electric field 
using fast ionic conductor Rb4Cu16Cl13I7 films by a solid-state ionics 
method. The simulation results are shown in Figure 8. It indicates 
that the close degree of the dendritic copper nanostructures can be 
directly established by fractal calculation, rather than the conventional 
method by eye view which is extraordinary uncertainty. Moreover, the 
mechanism of copper nanostructures growth is revealed convincingly. 
As a result, the dendritic copper nanostructures can effectively enhance 
the SERS detection sensitivity and have extremely crucial importance 
for the trace analysis in chemistry, biology, medicine, and other fields. 
For SERS, Ag nanodendrites are always fabricated with natural and 
large fractal aggregates. The nascent small Agnanoparticles may be 
active enough to undergo oriented attachment. At the same time, the 
concentration gradient of the Ag nanocrystal precursors sets up a 
uniform diffusion front, resulting in the preferential crystal orientations 
and symmetrical dendrites formation. Due to the dominant effect of 
diffusion and less active Ag nanocrystals, the angles of the branch/sub 
branch and stem/branch distinctively vary widely, and the differences 
of concentration in various growth sites are large. An asymmetrical 
dendrites are consequently fabricated. SERS results indicate when 
pyridine is taken as a probing molecule Raman scattering is enhanced 
and intensive for the Ag nanodentrites.50

As a candidate for SERS-active substrates, Ag flowerlike nano 
fractals are also explored.51–55 Results shows that the flowerlike 
structures can strongly improve SERS enhancement due to the high 
density of the flowerlike with a lot of horns structures on Si substrate. 
It finds that near the interstitial areas of the leaves there are many 
hot spots through the local electromagnetic field distribution detection 
around the leaves of the flower. Even the interstitial areas are relative 
close between nanoparticles and leaves, a weak enhancement are 
still detected in the local electromagnetic filed. For a longer distance, 
weaker interaction exists and the interstitial nanoparticles areas 
have a very weak interaction. Therefore, the local electromagnetic 
field enhancement of the leaves interaction is stronger than that 
of nanoparticles. Furthermore, more complex Au with Ag flower 
like nanostructures have been fabricated by the eco-friendly 
method.56 The flowerlike nanostructures are composed of blocks of 
2Dflakelikenanostructures. Such Au flowerlike nano structures are 
stronger than those from other particle films and possess strong SERS 
effects attributed to their morphology.

Figure 8 Cu nanostructures grids number (a) r = 1, N = 17; (b) r = 0.5, N 
= 45; (c) r = 0.25, N = 115; (d) r = 0.125, N = 280; (e) r = 0.0625, N = 686, 
respectively. Where, grids with various lengths (r = 2i, i = 0,1, 2...and 2i<the 
length of the image); the number of the grids: N(r).

Figure 9 Silver-coated goldnanoplates (hexagonal platelet, triangular prisms)
STEM (bright- and dark-field) images and EDS maps (red: gold, green: silver): 
(a) silver shell formedfrom gold edges and growth from the missing corners 
is prohibited, (b) growth from the corners is allowed, and (c) an inverse 
structure is formed.

Nanoprisms

Because 2D assemblies of nano building blocks with ordered 
structures possess the optical, the magnetic and collective electronic 
properties distinctly different from those of the individual nanoparticles 
or the bulk solid, they are applied in a various important fields. But, 

https://doi.org/10.15406/mojabb.2020.04.00142


Surface-enhanced raman scattering nanostructures potential for biomedical applications 98
Copyright:

©2020 Guo 

Citation: Guo KW. Surface-enhanced raman scattering nanostructures potential for biomedical applications. MOJ App Bio Biomech. 2020;4(4):93‒100. 
DOI: 10.15406/mojabb.2020.04.00142

the assembly of isotropic spherical structures is the key issue which 
most research put efforts in. Up to now, because anisotropic assembly 
of anisotropic nanoobjects into controlled structures expresses new 
or improved properties relied on the assembly direction, spatial 
arrangement, and the order degree among the individual building 
blocks, it attracts more attention.57–60 Hayakawa and his coworkers 
investigated the tuned triangular silver-coated gold (Au@Ag) 
nanoprisms, plasmonic nanoparticles, with various sizes for SERS.61 
The effect of the morphology of Au nanoprism on the growth of Ag 
out layer is shown in Figure 9. It reveals that the planes of edges must 
be different from the missing corners planes, and the growth from the 
missing corners is not supposed to be preferable, regardless of corner 
sharpness. As a result, the corner shape affects the last morphology. 
It demonstrates that when the Ag shell covers with the corners of the 
Au nanoprisms, the corners growth starts. But, because the edges 
growth speed is faster than that from the corners, hexagonal plates 
are dominant. If the Ag shell is pinned by the sharp corner tips, and 
an inverse triangle containing the Au nanoprism forms as shown in 
Figure 9c. Thus, this attractive structures with controlled arrangements 
possess obvious crystallographic, optical and SERS properties relied 
on their orientation in the assemblies, which is positively applicable 
to SERS substrates for environmental analysis and bio-logical uses. It 
should be noted that chemical approaches definitely lead to disordered 
systems resulted inuneasily manipulated or used for predictable and 
reproducible SERS enhancement although these methods can make 
nanoprisms with sharp corners,.

Hybrid nanostructures

Besides metal nanoprisms, in order to make strong SERS effects 
more complex nanostructures have already been explored.62–70 
During SERS imaging, the magnetic field controls the nanocrescents 
suspended in the fluids. The Raman enhancement factor of a single 
nanocrescent is sufficient for high resolution biomolecular sensing 
in living cells due to that as high as those reported for nanoparticle 
clusters. Moreover, in dynamic SERS detection the signal-to-
noise ratio of the nanocrescentsorientation modulation adjusted by 
magnetic fields can be further increased. Although the anisotropic 
nanostructures fabrication for SERS have been taken substantial 
progress in the relevant technical innovation, a lot of gaps still exist in 
the roadmap of practical and successful SERS-based systems before 
these techniques are extensively explored. The crucial issue is that 
anisotropic assembly of anisotropic nanoobjects into the ordered 
structures is still a significant but hard to control ask since they have 
new or enhanced properties relying on the spatial arrangement, the 
direction of assembly and the degree of order among the individual 
building blocks.

Conclusion
Surface enhanced Raman scattering (SERS) is attractively 

promising candidate for highly sensitive biological and chemical 
detection. Surfaces with functioned nanostructures tremendously 
enhance the surface plasma resonance for mation, such as nanorods 
and nanobranches/wires, nano fractal, nanoprisms, and hybrid 
nanostructures.Numerous substantial improvements in SERS 
fabrication with anisotropic nanostructures. However, effective 
controlling anisotropic nanoobjects assembly into ordered structures is 
a distinctive obstacle because the degree of order among the individual 
building blocks, spatial arrangement and the assembly direction 
determine the new and/or improved properties. Therefore, coupled 

with the unique nanostructures approach the substantial enhancement 
in detectable Raman signal has made SERS extremely significant 
method for the trace analysis in chemistry, biology, medicine and 
other fields. Meanwhile, the optimization of the sensing system 
with the designed nanostructures should be deeply explored to agree 
with the requirements of environmental applications. To date, highly 
sensitive, durable and reproducible SERS substrates are still the major 
concerns in the practical applications, especially for the development 
of definitely efficient ensors to be used in complex environmental 
situations. Moreover, efforts should be put into exploring effective 
SERS sensor fo rmuch more toxic detection safely. Progress in the 
synthesis of multifunctional metal nanostructures with shape and size 
tailored, as well as the portable separation technique exploration is 
imminently supposed to explore to overcome the current limitations 
and advance the relevant technique applications further.
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