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Mercury ion (Hg2+), known as one of the highly toxic and soluble heavy metal ions, is causing serious environmental pollution 
and irreversible damage to the health. It is urgent to develop some rapid and ultrasensitive methods for detecting trace mercury 
ions in the environment especially drink water. Surface-enhanced Raman scattering (SERS) is considered as a novel and pow-
erful optical analysis technique since it has the significant advantages of ultra-sensitivity and high specificity. In recent years, 
the SERS technique and its application in the detection of Hg2+ have become more prevalent and compelling. This review pro-
vides an overall survey of the development of SERS-based Hg2+ detections and presents a summary relating to the basic prin-
ciples, detection strategies, recent advances and current challenges of SERS for Hg2+ detections. 
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1  Introduction 

Mercury, one of the most toxic heavy metals, exists widely 
in the nature. Soluble inorganic mercury is considered as the 
main source of mercury pollution, which is released into the 
environment from both natural sources including volcanic 
and ocean emissions, and anthropogenic sources such as 
coal and gold mining, chemical manufacturing, solid waste 
incineration as well as pigment’s and dental amalgams 
[1,2]. Currently, inorganic mercury slips into the nature 
water through direct wastewater discharge and global mer-
cury cycle via atmospheric circulation and precipitation. 
The contaminated water with water-soluble mercuric ions 
(Hg2+) has become one of the major harms of human health. 
In waters, some bacteria which reside in aquatic sediments 
and fishes can convert Hg2+ into methylmercury which is 

known as a potent neurotoxin that is readily absorbed but 
poorly discharged by the body. Once inorganic mercury 
including methylmercury enters the food chain, it will ac-
cumulate in animals and plants, and then biomagnify in 
higher organisms and subsequently be ingested by humans 
[3]. Gradually, excessive accumulation of mercury in hu-
man body causes permanent brain damage with serious 
clinical symptoms such as headache, forgetfulness, deaf-
ness, visual impairment and cognitive disorders [1,4]. Even 
more alarming is that if exposed to toxic levels of mercury 
babies are likely to have different degrees of mental retarda-
tion, autism, paralysis and even death [5,6]. For human 
health, the United States Environmental Protection Agency 
(EPA) has enacted a maximum residue limit in drinking 
water as 10 nmol/L for Hg2+ [7]. Thus, it is very urgent to 
develop rapid, sensitive and selective methods for detecting 
Hg2+. 

Currently, various analytic methods for mercury ions in 
water have been developed. Some of them are rapid and 
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accurate, such as electrothermal atomic absorption spec-
trometry (ETAAS) [8,9], enzyme-linked immunosorbent 
assay (ELISA) [10], hydride generation atomic absorption 
spectrometry (HGAAS) [11] and cold vapor atomic fluo-
rescence spectrometry (CA-AFS) [12]. However, these 
technologies usually require complex and expensive appa-
ratuses or complicated sample preparation processes, which 
make them not suitable for in-situ analysis. Other methods 
such as colorimetry, resonance scattering spectral assay, 
electrochemistry and fluorescence [7,10,13–17] have lower 
requirements for equipment and simpler processes of sam-
ple preparation, making them more convenient for testing 
Hg2+. Usually, these methods can achieve the general detec-
tion limit at ~nmol/L. Nevertheless, these methods still 
cannot meet the needs of high sensitive detection of trace 
Hg2+, since mercury poisoning is a long-term bioaccumula-
tion related to sub-nmol/L level Hg2+. Furthermore, some 
optical sensors especially fluorescence are facing the prob-
lems of quenching and photo bleaching.  

Different from above-mentioned methods, surface-   
enhanced Raman scattering (SERS) is reported as a novel 
technology with the advantages of low cost, ultra-sensitivity, 
high specificity and good signal stability. Detections based 
on SERS do not require expensive instruments or complex 
preparation procedures, and the Raman signal acquisition 
time is as short as a few minutes or even seconds. Recently 
SERS is seen as a promising tool for qualitative and quanti-
tative detection of various analytes.  

To satisfy the urgent demand of detection trace mercury 
ions, several SERS analytic protocols have been proposed 
with the superiorities of high sensitivity and selectivity. In 
recent years, scientists have made great progress in the ap-
plication of SERS on detecting water-soluble mercury. In 
that case, some reviews have been reported to mention 
about SERS-based methods for tracing Hg2+ analysis. For 
instance, Chansuvarn et al. [18] wrote a short paragraph at 
the end of their review to discuss the possibility of SERS 
for sensing Hg2+ by using gold nanoparticles optical sen-
sors. In 2015, Zhan et al. [19] reviewed the recent devel-
opments on optical sensors for mercury ions in the aspects 
of colorimetric, fluorescent and SERS assays. However, so 
far only a few reviews mentioned about SERS-based mer-
cury detections and no one has given a complete summary. 
Thus, in this review, we present a comprehensive summary 
relating to the basic principles, detection strategies, recent 
advances and current challenges of SERS-based Hg2+ detec-
tions. 

2  Concept of SERS 

SERS, known as a surface-ultrasensitive vibrational spec-
troscopic technique, has been studied widely since its dis-
covery in 1973 when Martin Fleischmann observed en-
hanced Raman signal from pyridine adsorbing on the rough 

silver electrode [20]. It claims that, when molecules near or 
on the rough metal surface (i.e. SERS-active substrate), 
their Raman scattering can be enhanced obviously with an 
enhancement factor as high as 1015, which allows SERS to 
detect trace analytes and even single molecule [21,22].  

So far, the enhancement mechanisms have been widely 
studied to explain this extraordinary optical phenomenon. 
Among various interpretations, two theoretical mechanisms 
known as long-range electromagnetic theory (EM) and 
short-range chemical enhancement theory (CE) have been 
widely accepted.  

Electromagnetic field theory is considered as an enhance- 
ment of the electromagnetic field on the surface of metallic 
nanostructures which are excited by the incident light. 
Briefly, incident light strikes the surface and then polarizes 
and excites the metal surface free electrons to do collective 
oscillations (known as surface plasmon resonance (SPR)), 
generating a dipolar field on the surface. When the incident 
light and surface plasmon share the resonance frequency, 
the dipolar field can be coherent with the original excited 
field, causing localized collective oscillation to redistribute 
the electric field on surface. Therefore, many strong en-
hanced electromagnetic fields are formed across the surface, 
i.e. hot spots. Once a molecule is near or linked to the area 
within a hot spot, its Raman signal will be greatly enhanced 
and the signal intensity is proportional to the fourth power 
of the total enhanced electric field, i.e. 4

E . It is worth to 

note that if the incident light frequency largely shifts from 
the SPR frequency of substrate, the enhancement effect can 
weaken even disappear. In principle, EM enhancement is 
chemically nonselective and distance-dependent. Specifi-
cally, EM enhancement provides the same enhancement for 
any type of molecules only when these molecules are on or 
very near the enormous enhanced filed.  

However, the electromagnetic theory cannot fully explain 
the complex magnitude of many SERS phenomena. In that 
case, CE mechanism was proposed to explain the interac-
tion between chemisorbed molecules and the SERS sub-
strate without the electromagnetic enhancement. The widely 
accepted chemical enhancement effect is the charge transfer 
theory. The charge transfer happens between the chemi-
cal-absorbed molecule and metal surface, which results in a 
higher Raman scattering cross section of the molecule than 
usual [23]. The other assumption is that light of half the 
energy can be employed to make the HOMO to LUMO 
transition, when molecule’s HOMO and LUMO fall sym-
metrically about the Fermi level of the metal surface. 
Hence, the metal surface acts as a charge transfer interme-
diate, together with adsorbates to produce Raman photons 
[24,25]. 

The general findings are that both EM and CE contribute 
to the final enhancement of Raman signal, and the EM en-
hancement mainly depends on the nanostructure of the met-
al surface as well as the distance between molecules and hot 
spots, while CE enhancement is achieved by changing Ra-
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man scattering cross section through the chemical attach- 
ment of analyte on substrates. The surface enhancement can 
provide giant enhancement both in intensity and signal to 
noise ratio, forming the foundation for the application of 
SERS as a powerful detection tool. 

3  SERS-based mercury ion detections 

Recently SERS has been studied widely on detection of 
mercury ions. According to the enhancement mechanism of 
SERS, the SERS effect and intensity are strongly dependent 
on many factors, especially the SERS activity of the sub-
strate, the distance between the signaling molecule (Raman 
dye) and substrate, as well as the change of molecular 
structure. Therefore, by changing these factors, two detec-
tion modes, signal turn-on and signal turn-off, are mainly 
employed in the SERS-based assays of mercury ions. For 
both the detection modes, a Raman dye is added into the 
detecting system. Signal turn-on mode refers to that when 
there is no mercury ion in the sample, almost no Raman 
signal can be detected, and once mercury ions exist in the 
sample the SERS signal of the Raman dye is obtained and 
its intensity increases with the raising concentration of 
mercury ions. On the contrary, the signal turn-off mode 
refers to that the strongest Raman signal is obtained in the 
absence of analytes and the signal can be weakened with the 
increase of mercury ions. In this section, many recently de-

veloped approaches of mercury detections based on signal 
turn-on and turn-off modes are introduced.  

3.1  SERS signal turn-on mode 

As mentioned above, SERS enhancement can be achieved 
through several ways. One of the most common methods is 
to make the Raman dye closer to the SERS substrate. Ac-
cording to the EM mechanism, hot spots are spread on the 
SERS-active substrate, so when the signal molecules are 
closer to the substrate, they can experience stronger elec-
tromagnetic field to induce higher SERS intensity. The dis-
tance between Raman dye and SERS-active substrate can be 
controlled by special experimental design of the SERS sen-
sor, i.e. the molecule-substrate distance is the largest at the 
original state and when the mercury ions are added the dis-
tance is shortened since the interaction between mercury 
ions and the sensor. As a result, the Raman dye is closer to 
the SERS substrate, bringing out a stronger SERS signal. 

For example, Sun and co-workers [7] reported a SERS 
sensor for Hg2+ based on the “signal turn-on” strategy (Fig-
ure 1(a)). They constructed a SERS-active substrate by us-
ing a Si nanowire array (SiNWAr) as a basis first and then 
decorated AuNPs on the array’s surface. Afterward, single 
stranded DNA-Cy5 tag (ssDNA-Cy5) was dropped onto the 
SiNWAr@AuNPs substrate in order to fix ssDNA-Cy5 onto 
the AuNPs through S–Au bond. In principle, since fixed 
ssDNA-Cy5 is in an open conformation in the liquid, the  

 
Figure 1  (a) Schematic diagrams of SERS sensor and strategy for Hg2+ detection proposed by Sun and coworkers [7]; (b) Schematic diagrams of SERS 
sensor for Hg2+ detection built by Chung’s group [26]; (c) SNOF SERRS sensor for Hg2+ based on a structure-switching dsDNAs [27]; (d) AuNPs/rGO het-
erojunction SERS-active substrates and the sensing protocol for Hg2+ [28] (color online).  
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average distance between Cy5 and the SERS substrate is 
relatively long. However, in the presence of Hg2+, single- 
stranded DNA structure converted to the hairpin structure 
with the formation of thymine (T)−Hg2+−T pairs. The hair-
pin structure pushed Cy5 tag at the 5′ end close to the 3′ end 
on the AuNPs, which distinctly shortened the distance be-
tween Cy5 tag and the SERS substrate. Thus, strong SERS 
signals were detected, and Hg2+ ion with a low concentra-
tion of 1 pmol/L was discriminated. Similarly, Chung’s 
group [26] reported an ssDNA-modified gold microshell as 
a SERS sensor, on which the collected intensity of Raman 
signal was sensitive to Hg2+ concentration (Figure 1(b)). 
The distance between the gold microshell surface and the 
Raman tags directly influenced the intensity of SERS sig-
nal. In that case, when Hg2+ was added, DNA folded into 
hairpin structure to push tetramethyl-rhodamine (TAMRA) 
moiety close to the SERS substrate, triggering the genera-
tion of SERS signal. The limit of detection (LOD) for Hg2+ 
reached 50 nmol/L. 

Besides the formation of a hairpin structure, the exploita-
tion of double stranded DNA (dsDNA) is also able to catch 
Raman dyes closer to the substrate. Briefly, capture ssDNA 
is modified on the SERS-active substrate by the 5′ end, 
while the complementary chain is functioned via linking a 
Raman dye on the 3′ end. When capture strand matches the 
complement chain, the dye on the 3′ end will be bond near 
the capture DNA’s 5′ end due to DNA double coiled spiral 
structure, resulting in a turn-on of SERS signal. For in-
stance, Kang et al. [27] demonstrated a DNA3 modified 
single nanowire-on-film (SNOF) SERS sensor for trace 
analysis of mercury ions relying on structure switching of 
double stranded DNAs (Figure 1(c)). If Hg2+ did not exist, 
single stranded T-rich DNA1 could hybridize with the com-
plementary Cy5-labeled DNA2, preventing the hybridiza-
tion of DNA2 with DNA3 in the next step. Otherwise, the 
T-rich DNA1 would fold into a hairpin structure through 
T-Hg2+-T mismatch. Sequentially, it is easy for DNA2 to 
release from hairpin structural DNA1 and then to combine 
with probe DNA3. As a consequence, DNA2 carried Raman 
dyes onto the substrate. The SERS signal turned on and 
provided a detection limit of 100 pmol/L. Likewise, a T-rich 
DNA connecting gold nanoparticles (AuNPs)/reduced gra-
phene oxide (rGO) heterojunctions/SiO2/Si substrate was 
reported to be a SERS-active substrate for mercury ions 
detection (Figure 1(d)) [28]. By T-Hg2+-T pairs, T-rich 
DNA1 coordinated with TAMRA-labeled T-rich DNA2 to 
form a dsDNA. Since the length of dsDNA was designed 
within a few nanometers, TAMRA on the DNA2 were fixed 
very close to the AuNPs, producing strong SERS signal. A 
very low limit of detection 0.1 nmol/L was implemented 
from the increasing Raman intensity at 1650 cm1. 

Frequently-used methods for turn-on mode mercury ion 
detection also include introduction of nanoparticles aggre-
gation. Aggregation is a common way of metallic nanopar-
ticles to generate abundant hot spots at the nanoscale junc-

tions for realizing surface enhancement effect.  
In 2011, Lee and Choo [29] reported a SERS-based ap-

tamer sensor for trace analysis of Hg2+ in aqueous media 
(Figure 2). They designed a TAMRA-labelled aptamer 
probe which could specifically bind to mercury ions. With 
the help of polyamine spermine tetrahydrochloride, the 
ssDNA probes absorbed onto the surface of AgNPs, making 
silver nanoparticles disperse well through enhanced electro-
static repulsion. Once in the presence of Hg2+, the aptamer 
transformed into a hairpin structure, which caused a reduc-
tion of electrostatic repulsion. After that, the aggregation of 
sliver nanoparticles occurred, resulting in the SERS inten-
sity increasing upon the addition of Hg2+. The limit of de-
tection was 5 nmol/L.  

Besides forming aggregates by changing the mutual 
electrostatic repulsion, scientists also induce the aggregation 
by constructing sandwich structures between mercury ions 
and capture molecules absorbed on the SERS-active nano-
particles. Capture molecules can be oligonucleotides con-
taining thymine, cysteine and a variety of small molecules 
that can chemically bind with mercury ions. Generally, the 
aggregations induced by the sandwich structure strategy for 
Hg2+ detection are more specific and sensitive. For example, 
Kuang’s group [30] constructed a SERS sensor for mercury 
ions by assembling gold nanostars (GNS) to dimer struc-
tures to obtain SERS-active nanojunctions (Figure 3(A)). 
The GNS sensor was designed by labeling 4-aminothio- 
phenol (4-ATP) on its surface and then immobilizing T-rich 
ssDNA1 or complementary ssDNA2 respectively. The Hg2+- 
mediated T-T base pairs enabled ssDNA1 and ssDNA2 can 
match with each other to form a dsDNA. The dsDNA acted 
as linking element, resulting in the GNSs self-assembling 
into dimers which provided a huge Raman enhancement of 
the 4-ATP. The limit of detection reached 4 pmol/L and a 
good linear concentration-intensity relationship from 9.97 

 

Figure 2  Working principle of the SERS-based Hg2+ aptameric sensor. 
The conformational change of DNA caused the aggregation of silver na-
noparticles [29] (color online).  
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Figure 3  Schematic diagram of the mercury ions detection based on self-assembled AuNPs. (A) GNS dimers [30]; (B) gold assembled nanochains [31];  
(C) AuNP trimers [32] (color online).  

to 4985 pmol/L was obtained. Moreover, particles also can 
be assembled into nanochains or trimers structures by con-
trolling the concentration ratio of ssDNA to the nanoparti-
cles. Afterwards, they proposed a protocol for mercury ions 
detection by assembling gold nanochain constructed by 
ssDNA modified gold nanoparticles similar to the above- 
mentioned sensor structure. When adding Hg2+, nanoparti-
cles assembled into chains by the linkage of dsDNA form-
ing T-Hg2+-T base pairs (Figure 3(B)). The length of na-
nochain was directly proportional to the Hg2+ concentration 
over 0.001–0.5 ng/mL [31]. In the same year, they reported 
a work on Raman label-encoded gold nanoparticle trimer 
for detecting Hg2+ and Ag+ simultaneously (Figure 3(C)) 
[32]. First, three kinds of ssDNA (DNA 1, 2, 3) were modi-
fied to 20 nm AuNPs respectively. Next, AuNP-DNA3 was 
cultivated with DNA4 and DNA5 which could partially 
complement DNA3 to structure a “Y-shaped” DNA skele-
ton. Then, three different AuNP@ DNAs were incubated 
with three different SERS tags (AuNPs@DNA1@ATP, 
AuNPs@DNA3-NTP and AuNPs@ DNA2-MATT). When 
the system contained Hg2+ or Ag+, AuNP-DNA1, AuNP- 
DNA2 and AuNP-DNA3 were assembled into AuNP dimers 
through the C-Ag+-C or T-Hg2+-T mismatches. Once both 
Hg2+ and Ag+ coexisted in the analyte, AuNP trimers were 
built up, and three characteristic SERS spectra of the three 
types of Raman reporters were clearly distinguished. The 
LOD for Ag+ and Hg2+ simultaneous detection were 8.43 
and 8.57 pmol/L, respectively. 

Magnetic particles were also used to induce aggregation 
for mercury ion detection. The corresponding work was 
devised by Liu et al. [33] (Figure 4(a)). Briefly, when Hg2+ 

existed, oligonucleotide modified MSS@Au core/shell NPs 
(MSS, magnetic silica sphere) could combine to AuNPs@ 
DNA-DTNB tag (DTNB, 5,5'-dithiobis-(2-nitroben-zoic 
acid)) through T-Hg2+-T mediated duplex DNA. Then these 
special structures were effectively collected from surround-
ing solutions and aggregated by an external magnetic field. 
They successfully implemented a sensitivity and selectivity 
detection of trace mercury with LOD at 0.1 nmol/L. 

In addition to oligonucleotides, other capture molecules 
are also applied to induce aggregation, such as cysteine. 
Wang and co-workers [34] found that cysteine-function-          
alized Raman dye-labeled silver nanoparticles aggregated in 
the presence of Hg2+ due to the construction of coordination 
compounds between L-cysteine and mercury ions. The ex-
perimental results showed an orderly enhanced SERS signal 
with increasing Hg2+ concentration, with an unprecedented 
LOD of 1 pmol/L. Cecchini et al. [35] used the aggregation 
of AuNPs introduced by polyaromatic ligands (PALs) on a 
liquid-liquid interface to develop a new mercury detection 
platform (Figure 4(b)). In their report, an aqueous phase 
containing AuNPs and Hg2+ was placed on top of an organic 
phase with dissolved PALs. When shaking, the specific in-
teraction between AuNPs and PALs as well as PALs and 
Hg2+ happened at the common phase interface, assembling a 
network of AuNPs as shown in Figure 4(b). Thus, a SERS 
signal of PAL was obtained due to the aggregation of 
AuNPs. The LOD was down to 10 pmol/L. Similar protocol 
was also mentioned in Shen’s work. In their report, polyani-
line (PANI) worked as both Raman dye and the mercury ion 
capture. Both amine and imine groups on PANI can act as 
adsorption sites of Hg2+. The combination of Hg2+ and  



 Song et al.   Sci China Chem   January (2016) Vol.59 No.1 21 

 
Figure 4  Schematic diagrams of other turn-on mode detections. (a) Hg2+/Ag+ detection based on T-Hg-T/C-Ag-C bridges by using DNA-AuNPs and 
DNA-MSS@AuNPs [33]; (b) Hg2+ sensor prepared by using AuNPs and PAL [35]; (c) Hg2+ linked to DEB to trigger the aggregation of DEB-labelled 
AuNPs [38]; (d) detection of Hg2+ by means of AuNPs-Hg2+-DPA [43]; (e) combinational logic gate operations (AND, INH, and OR) for mercury ions de-
tection [45] (color online). 

PANI weakened the association between PANI and metal 
surface, reducing the stability of nanoparticles. Alone with 
the increasing mercury ions concentration, more aggregated 
nanoparticles appeared, causing peaks such as 1398 and 
1560 cm1 a clear SERS enhancement. With the help of 
Au/PANI composite nanospheres [36] or Ag@PANI core- 
shell nanoparticles [37], the detection limit of mercury ions 
was as low as 10 and 1 pmol/L, separately. 

Dialkyne 1,4-diethynylbenzene (DEB) not only has the 
same function as cysteine, but also can work as a Raman 
dye. Kang and coworkers [38] modified DEB onto the 
AgNPs first, and then added the Hg2+ into colloidal particles 
(Figure 4(c)). Subsequently, the –C≡C–Hg–C≡C– linkage 
formed via the interaction between Hg2+ and the terminal 
ethynyl groups of DEB, triggering self-referenced aggrega-
tion of AgNPs. As a result, the Raman peak at 2146 cm−1 
corresponding to Hg–C≡C appears and its intensity was 
enhanced with the increase of Hg2+ concentration, and a 
detection limit as low as 0.8 nmol/L was obtained. 

Compared to the traditional colorimetric method also 
basing on the aggregation of particles, the LOD can be im-
proved 1000 times for mercury detections by using SERS 

technique. General colorimetric analyses only reach the 
concentration limit of Hg2+ at ~mol/L [39–41]. Distinct 
from colorimetric methods, SERS-based mercury detection 
methods can discriminate ~nmol/L level and even sub- 
nmol/L level Hg2+ concentration. 

Moreover, there are some special materials which can 
combine with mercury ions causing several changes in their 
Raman spectral shape. By using these features, several other 
sensing protocols were proposed. Guerrini et al. [42] pre-
pared AuNPs anchored polystyrene microbeads first as 
SERS substrate and then dropped 4-mercaptopyridine 
(MPY) onto the beads to form a sensitive SERS sensor for 
Hg2+. The co-ordination of Hg2+ and the nitrogen atom of 
MPY can normalize the ring breathing of Raman band at 
1096 cm1. In that case, the intensity ratio of the peaks at 
799 and 1096 cm1 increased with the raising Hg2+ concen-
tration. A low LOD of 250 pmol/L was obtained when the 
concentration of microbeads was 0.08 g/mL. Ly and Joo 
[43] discovered that Hg2+ can cause Raman spectral feature 
changes of di-(2-picolyl)amine (DPA) (Figure 4(d)). If they 
mixed AuNPs with DPA, the Raman intensity of DPA at 
1060 cm1 was weaker than the one at 1020 cm1. When 
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they mixed AuNPs with Hg2+ first and then added DPA, the 
previous peak at 1060 cm1 became stronger with the in-
creasing Hg2+ concentration, and eventually relative intensi-
ties of the 1020 and 1060 cm1 reversed when concentration 
of Hg2+ arrived at about 10 mol/L. 

Turn-on mode detection strategies still utilize some other 
protocols. For example, mercury ions could be reduced by 
NaH2PO2 to produce nano-mercury which further catalyzed 
the reduction reaction between NaH2PO2 and HAuCl4 to 
generate AuNPs as SERS-active substrates [44]. Upon the 
addition of an increasing concentration of Hg2+, more 
AuNPs were produced to enhance the Raman signal of Vi-
toria blue B, realizing the LOD of mercury ion down to 0.8 
nmol/L.  

The coding method operating on a solid SERS substrate 
was also achieved successfully for Hg2+ detection (Figure 
4(e)). The thymine- and guanine-rich oligonucleotide se-
quence has metallophilic abilities to combine Hg2+ or K+, 

which could specifically interrupt or trigger the formation of 
Hoogsteen hydrogen bonding. Based on this mechanism, 
Cao and coworkers [45] demonstrated AND, INHIBIT and 
OR logic gate operations for sensing metallic ions. When 
K+ existing, G-rich oligonucleotides could fold into a spe-
cific and stable three-dimensional shape (G-quadruples), in 
which a distinct Hoogsteen hydrogen-bonded square exhib-
ited a strong Raman signal centered at ~1485 cm1. Then 
the following added Hg2+ could bind to the thymine to build 
a hairpin complex, which interrupted the formation of 
Hoogsteen hydrogen bonding, causing the disappearance of 
the previous Raman signal. Further, Hg2+ can interact with 
I+ to form insoluble HgI2. Thus, further adding I+, the I+ 
removed Hg2+ from the oligonucleotide and then the K+ 
rebuild G-quadruples, recovering the Raman signal of 
G-quadruples. They utilized the signal on-off-on change 
(K+-Hg2+-I+) to make AND, INHIBIT and OR logic gates, 
and the LOD of Hg2+ was 1 pmol/L. Table 1 summarizes  

Table 1  A summary of different signal turn-on mode SERS sensors for mercury ions 

SERS substrate Raman dye LOD Working principle of SERS sensor Ref. 

AuNPs/SiNWAr a) Cy5 0.73 pmol/L Cy5-labelled-ssDNA b) structure converts to the hairpin structure to push Cy5 
closer to the SERS substrate 

[7] 

AuNPs VBB c) 0.8 nmol/L 
Hg2+ first reduced by NaH2PO2 to form nano-mercury that could catalyze the 
reduction reaction between NaH2PO2 and HAuCl4 producing AuNPs 

[44] 

AuNPs ATP\MATT\NTP d) 12.2 pmol/L 
T-Hg2+-T mediated duplex DNA to assemble special dimer or trimer 
nanostructures 

[32] 

MSS@Au; AuNPs e) DTNB f) 0.1 nmol/L T-Hg2+-T mediated duplex DNA to combine MSS@AuNPs and AuNPs [33] 

AuNPs 4-NTP 2.24 pmol/L T-Hg2+-T mediated duplex DNA to trigger the assembling of the DNA modi-
fied-AuNPs into nanochains 

[31] 

AgNPs g) DEB h) 0.8 nmol/L Hg2+ linked to DEB to trigger the aggregation of DEB-labelled AgNPs [38] 

Metal SRRs i) G-tetrad 1 pmol/L 
AND, INHIBIT and OR logic gate operations based upon the metallophilic 
properties of a guanine- and thymine-rich oligonucleotide sequence to K+

and Hg2+ 
[45] 

Au flower particle PANI j) 10 pmol/L 
Hg2+ bond to nitrogen atoms of PANI on Au flower particle, causing the 
particle aggregation 

[36] 

AgNPs PANI 1 pmol/L The same principles as above [37] 

Ag@AuNPs TAMRA k) 50 nmol/L 
Hg2+ introduced transformation of DNA single strain to hairpin structure 
through T-Hg2+-T pairs to let Cy5 at the end of the ssDNA get closer to the 
SERS substrate 

[26] 

AgNPs TAMRA 5 nmol/L 
ssDNA on AgNPs changed into hairpin structure by T-Hg2+-T mismatch, 
which caused AgNPs aggregation due to the reduced electrostatic repulsion 
between AgNPs 

[29] 

Au nanostars 4-ATP 3.99 pmol/L T-Hg2+-T mediated duplex DNA to assemble special dimer structure of 
nanostars 

[30] 

AgNPs 3,5-dimethoxy-4-(6'- 
azobenzotriazolyl)phenol 

1 pmol/L Hg2+ linked to cysteine to trigger the aggregation of cysteine-labelled AuNPs [34] 

Au SNOF l) Cy5 100 pmol/L 
T-Hg2+-T pairs induced conformational changes of the ssDNA1 and let 
DNA1' Raman-labelled complementary match with DNA2 on the SNOF 
structure 

[27] 

AgNPs printed film HgS N/A Using a printed film SERS substrate to directly test HgS [46–48]
AuNPs PAL m) 10 pmol/L Hg2+ linked to PAL to trigger the aggregation of AuNPs [35] 
AuNPs 2MNA n) 34 nmol/L Hg2+ affected the intensity ratios of the bands at 1160/1230 cm1 of 2MNA [49] 

AuNPs/rGO/SiO2/Si o) TAMRA 0.1 nmol/L 
T-Hg2+-T pairs induced the formation of dsDNAs and let the Raman reporter 
get close to the SNOF substrate 

[28] 

  a) AuNPs, gold nanoparticles; SiNWAr, Si nanowire array; b) ssDNA, single-stranded DNA; c) VBB, Vitoria blue B; d) ATP, aminothiophenol; NTP, 
nitrothiophenol; MATT, 4-methoxy--toluenethiol; e) MSS, magnetic silica sphere; f) DTNB, 5,5'-dithiobis-(2-nitrobenzoic acid); g) AgNPs, silver nano-
particles; h) DEB, dialkyne 1,4-diethynylbenzene; i) SRRs, artificial split-ring resonators; j) PANI, polyaniline; k) TAMRA, tetramethyl-rhodamine;      
l) SNOF, single nanowire-on-film; m) PAL, polyaromantic ligands; n) 2MNA, 2-mercap-toisonicotinic acid; o) rGO, reduced graphene oxide. 
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the SERS-based mercury ions detections employing signal 
turn-on mode.  

3.2  SERS signal turn-off mode 

SERS signal turn-off mode is also a common strategy for 
mercury ions detection. Usually, the intensity of the Raman 
signal decreases with the increasing concentration of mer-
cury ions in the analyte. Compared with signal turn-on 
mode, turn-off mode allows the SERS signal to decay by 
affecting the Raman dye or the SERS substrate. 

A number of Raman dyes can combine with both the 
SERS substrates and mercury ions, but the Raman dye- 
binding capacity with mercury ions is stronger than SERS 
substrates. Therefore, when the mercury ions are present, 
the dyes preferentially combine with mercury ions, which 
break the previous absorption between dyes and the SERS 
substrate, resulting in a decay of dyes’ Raman signal.  

For instance, Du et al. [50] proposed a femtomolar dis-
crimination of mercury ions on an Au@AgNPs modified 
silicon wafer substrate. 4,4′-dipyridyl (Dpy) was linked to 
Au@AgNPs via Au–N bond, which can generate a strong 
Raman signal of Dpy. Once mercury ions were added, Dpy 
preferentially combined with Hg2+ and released from the Ag 
nanoshells. Since the Dpy molecules were away from the 
SERS substrate, the SERS signal of Dpy quenched. The 
LOD was as low as 10 fmol/L. Similarly, R6G molecules 

were able to combine with Hg2+ and then released from 
AgNPs to decrease their SERS signal. Hereby, Luo et al. 
[51] presented Rhodamine 6G (R6G)-aggregated AgNPs as 
the sensors to determine Hg2+ in the concentration range of 
25–2000 nmol/L. Afterwards, Li et al. [52] improved the 
detection protocol by modified R6G with an aminated 
ring-close structure (R–NH2) that allowed one Hg2+ com-
bined with two R–NH2 molecules. A more sensitive detec-
tion of Hg2+ with LOD 1 nmol/L was realized. Tryptophan 
can also bind to Hg2+ to form a 1:2 stable complex and then 
disassociated from the noble metal. Ray et al. [53] reported 
that tryptophan could coated on the popcorn shaped gold 
nanoparticles working as both Raman reporter and a protec-
tion layer for conserving particles’ shaped nanostructure. In 
the addition of Hg2+, the tryptophan dissociated from the 
gold nanopopcorns (Figure 5(a)). Moreover, without the 
protection layer, the previous sharp edges of the nanoparti-
cles dissolved, leading to an attenuation of Raman signal 
along with the increasing Hg2+. Besides tryptophan, Ma et 
al. [54] prepared the methimazole-functionalized cyclo- 
dextrin-protected sliver nanoparticles to be a highly sensi-
tive SERS sensor for mercury ions (Figure 5(b)). The com-
bination of Hg2+ with methimazole resulted in desorption of 
methimazole molecules from the surface of AgNPs, leading 
to a proportional decreases of SERS signal.  

A thrombin-binding aptamer (TBA) can bind to Hg2+ or 
human -thrombin [55,56], and once the combination  

 
Figure 5  Schematic diagrams of different SERS sensors for Hg2+ basing on turn-off mode. (a) Tryptophan protected popcorn shaped gold nanoparticles 
[53]; (b) methimazole-functionalized cyclodextrin-protected AgNPs [54]; (c) AuNWs/Au substrate [57] and the alignment-addressed AuNWs on-chip SERS 
sensor [58]; (d) DNA-modified Au@AgNPs [59] (color online).  
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formed, TBA will dissolve from the metal surface. Accord-
ing to that, a biochemical SERS sensor for analyzing trace 
Hg2+ was fabricated by Kim and co-workers [57]. In their 
work, they attached Cy5-labeled TBA to the Au nanowires 
(AuNWs) and then transferred the AuNWs onto an Au film 
to fabricate a strong SERS-active substrate. With increasing 
concentration of Hg2+ (or human -thrombin), the SERS 
signal of Cy5 decreased. In their other report [58], Hg2+, 
Ag+, and Pb2+ were successfully detected simultaneously 
(Figure 5(c)). They modified ssDNA1 on the AuNWs first 
and then added Raman dye-modified complementary ssD-
NA2 to form dsDNA. However, the metallophilic ssDNA2 
was easier to bind with specific metal ions than with the 
complementary chain. Thus, after dropping Hg2+ onto the 
AuNWs, the Raman reporter-labeled ssDNA2 changed into 
hairpin structure and then were eliminated from the 
AuNWs, resulting in Raman signal decrease. Three specific 
metallophilic ssDNA were designed for Hg2+, Ag+, and Pb2+ 
separately and simultaneously used in the experiment for 
multi ions identification. The LOD were 500 pmol/L,       
1 nmol/L, and 50 nmol/L for Hg2+, Ag+ and Pb2+, respec-
tively. Similar work was performed by Chung et al. [59] 
and the schematic diagram of detection strategy is shown in 
Figure 5(d). The SERS signal attenuation showed a good 
linear relationship with Hg2+ concentration from 10 pmol/L 
to 1 mol/L. 

Of course, that Raman dye escapes from the SERS sub-
strate is not the only method for turn-off mode. Mercury 
does not have properties to enhance surface Raman. In some 
cases, mercury ion can be reduced to mercury atoms and 
then form compounds with gold or silver (i.e. amalgam). 
The formation of amalgam breaks the original chemical 
links such as S–Au or S–Ag between Raman dyes and metal 
surface, removing Raman reporters from the base to cause 
signal decay. On the other hand, since amalgam integrates 
with the SERS substrate, it destroys the original nanostruc-

tures on metal surface, reducing the Raman enhancement 
performance of the basis.  

Ren and co-workers [60] performed a simple method to 
form amalgam for sensing the Hg2+ in only 2 min via cit-
rate-reduced AgNPs. Citrate on AgNPs reduced Hg2+ to Hg0 
first and then Hg0 reacted with AgNPs to form amalgam. 
Since the amalgam covered on the nanoparticles, both the 
surface enhancement effect of AgNPs and the adsorption 
efficiency of Raman reporters decreased. A low concentra-
tion of 90.9 pmol/L for Hg2+ was recognized. Amalgam 
could also easily displace R6G from the metal surface. In 
the other work, R6G linked to AuNPs by electrostatic inter-
action and escaped from the AuNPs after adding mercury 
ions [61], resulting a decrease in SERS intensities of R6G. 
The LOD was as low as 0.5 nmol/L. A more obvious reduc-
tion phenomenon was observed by Yang’s group (Figure 
6(a)) [62]. In their work, inositol hexaphosphate (IP6) stabi-
lized AuNPs were modified by crystal violet (CV as Raman 
signal molecule) and tri-sodium citrate (TC as reducer) to 
construct ultrasensitive mercury ion sensors. When mercury 
ions existing, they were reduced to Hg atoms by TC and 
absorbed on the AgNPs, as a result the CV molecules were 
removed from the metal surface. The absorption of Hg at-
oms onto the AgNPs can be seen from the enlarged diame-
ter of particles in TEM images. An unprecedented LOD of 
0.5 pmol/L was obtained. The same experimental principle 
applies equally to the solid substrate. Kandjani et al. [63] 
promoted a sensing and removal scheme of Hg2+ in liquid 
via a solid SERS-active ZnO/Ag nano-arrays film (Figure 
6(b)). ZnO plays two roles here. First, ZnO nano-arrays 
provided the skeleton for AgNPs to grow; second, as a 
semiconductor, it offered electrons during the photo-    
reduction process of Hg2+ to Hg0. Since Hg0 reacted with 
AgNPs and formed amalgam shells on the AgNPs, the Ra-
man intensity of Rhodamine B (RB) was decayed. The LOD 
of Hg2+ was around 2.25 nmol/L. 

 

 

Figure 6  (a) Schematic diagrams of CV/TC/IP6/AuNPs sensor and working principle [62]; (b) preparation of SERS sensor, sensing mechanism, removal 
and regeneration processes proposed in Kandjani’s work [63] (color online).  
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In addition, a few other “turn-off” strategies are also 
available. For instance, Li and co-workers [64] reported a 
4-mercaptopyridine (MPy) functioned Ag nanoclusters as 
SERS sensors for Hg2+. In their work, the MPy protected 
nanoclusters could stably exist in pH 6.6 buffer solution, 
with a strong Raman peak of MPy at 1097 cm1. When 
mercury ions were added into the colloid, Hg2+ could com-
bine with two MPy molecules and cause serious aggregation 
of Ag nanoclusters precipitating from the solution (Figure 
7(a)). The SERS signal at 1097 cm1 dropped as a result of 
reduced nanoparticles’ concentration in the solution.  

Zhang et al. [65] built a SERS sensor comprises Cy5- 
labeled thymines-rich ssDNAs and the nanoporous gold 
film (NPG) (Figure 7(b)). The ssDNAs were consisted of 
thymines, an –SH at the 5′-terminus and a Cy5 tag at the 
3′-end. Through thiol anchors, the ssDNAs were immobi-
lized on the NPG. The ssDNAs tend to lie near the metal 
surface, out-putting a strong SERS signal of Cy5. When 
adding Hg2+ ions, the ssDNAs formed T-Hg2+-T pairs with 
each other and transformed into rigid duplex-like complexes 
that could stand up and push Cy5 away from the SERS sub-
strate, which caused a decrease of SERS signal. By using 
this SERS sensor, the detection limit as low as 1 pmol/L 
was obtained. In 2014, a femtogram level SERS-based 
competitive immunoassay was developed to detect Hg2+ in 
aqueous solution (Figure 7(c)) [66]. Monoclonal antibodies 
(mAbs) against Hg2+ are produced by hybridoma technique. 
In general, without Hg2+, mAbs can connect to correspond-
ing antigens on the film surface through the combining of 
the common specific antibodies, known as the sandwich 
immunoassay. However, Hg2+ can react with mAbs but not 
the corresponding antigens. If mAbs connect with Hg2+, it 
cannot provide binding sites for corresponding antibodies 
and let along connect to corresponding antigens on film. In  

that case, When Hg2+ existed, mAbs and 4-mercaptobenzoic 
acid modified AuNPs had few opportunities to conjugate 
onto the corresponding antigens-covered substrate, which 
caused SERS signal decay. The limit of detection reached 
0.4 nmol/L. Table 2 summarizes the SERS-based mercury 
ions detections employing signal turn-off mode.  

3.3  SERS based detections combined with other tech-
nologies 

In recent years, more and more strategies which combine 
SERS with multiple techniques, such as colorimetry, UV, 
SPR and fluorescence, have been developed to sense trace 
mercury ions. These multi-technological detection methods 
can provide various sensing modes by launching not only 
SERS but also other optical or electrical signals at the same 
time. Thereby, it allows the detection results more credible 
and accurate. 

For example, Ma et al. [71] demonstrated a SERS and 
SPR dual-signal mode sensor for mercury ions analysis 
consisting of PATP-coupled Au nanoparticles’ multilayer 
(Figure 8(a)). The para-aminothiophenol (PATP) func-
tioned as coupling molecules between Au nanoparticles to 
fabricate Au multilayer through layer-by-layer assembly. 
Nevertheless, PATP’s thiol group had a higher binding af-
finity to Hg2+ than Au. Thus, when Hg2+ was introduced, 
Hg2+ detached PATP from AuNPs to destroy the multilayer 
structure, resulting in a response of an intense LSPR extinc-
tion band as well as a weaker Raman peak intensity of 
PATP. The superb selectivity for Hg2+ detection reached a 
low level of 1 nmol/L. Zhan’s team [72] designed a colori-
metric and SERS dual-signal sensor for Hg2+ detection 
(Figure 8(b)). Bismuthiol II first absorbed onto AuNPs and 
its extra sulphur atoms had connection ability to other  

 

Figure 7  Some SERS sensors and working principles. (a) AgNPA (Ag nanoparticles aggregation)-MPy SERS sensor for Hg2+ [64]; (b) SERS sensing of Hg2+ 
based on the aptamer modified NPG [65]; (c) SERS based competitive immunoassay for Hg2+ [66] (color online).  
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Table 2  A summary of different turn-off mode SERS sensors for mercury ions 

Substrates Raman reporters LOD Sensing properties Ref. 

Au@AgNPs Dpy a) 10 fmol/L Dpy coordinated with Hg2+ and then released from the SERS substrate [50] 

AgNPs R6G b) 10 nmol/L 
SERS intensity decreased owing to the formation of the stable 
R6G-HgBr4

2− ternary association complex  
[51] 

Au-Ag alloy NPs R–NH2
 c) 1 nmol/L 

Hg2+ combined with two R–NH2 molecules making the R–NH2 relieved 
from the SERS substrate 

[52] 

Popcorn shaped AuNPs Tryptophan 25 nmol/L Tryptophan interacted with Hg2+ and then being removed from AuNPs [53] 

Cyclodextrin-coated 
AgNPs 

Methimazole 0.5 nmol/L 
Desorption of methimazole molecules from the surface of AgNPs due 
to the present of Hg2+ 

[54] 

AuNWs d) Cy5 10 nmol/L TBA can bind to Hg2+ with a dissociation constant of 25 nmol/L e) [57] 

AuNWs Cy5 500 pmol/L 
Hg2+ bound to its corresponding aptamer leading a conformational 
change, thus Raman reporter-attached DNAs released from its comple-
mentary aptamers and were eliminated from the AuNW 

[58] 

Au@AgNPs Cy3 10 pmol/L 
Hg2+ bound to its Raman reporter-labeled corresponding aptamer, 
causing a conformational change of the aptamer and eliminating the 
ssDNA from the NPs  

[59] 

AgNPs CV, BG, EB f) 90.9 pmol/L 
Hg2+ interacted with Ag to form a mercury/Ag shell blocking the ad-
sorption of Raman tag onto Ag surface 

[60] 

BSA-modified AuNPs g) R6G 0.5 nmol/L 
R6G was displaced from the substrate due to the strong affinity between 
Au and Hg2+  

[61] 

CV/TC/IP6/AuNPs h) CV 0.5 pmol/L 
Hg atom reduced by TC preferentially absorbed onto AuNPs and re-
placed the original CV molecules on surface  

[62] 

ZnO/Ag nanoarrays RB i) ~2.25 nmol/L
Electrons from the ZnO were transferred to the divalent Hg2+ to gener-
ate Hg atoms which further form amalgam with AgNPs 

[63] 

AgNPA j) MPy k) 30 nmol/L 
Stable complex of [Hg(MPy)2] 2+ was formed and the AgNPA particles 
precipitated and released from the solution 

[64] 

Dealloyed nanoporous  
gold film 

Cy5 1 pmol/L 
Hg2+ can bind between two DNA thymine bases to reorganize the 
poly-T oligonucleotides from flexible single strands to relatively rigid 
duplex-like complexes to push Cy5 away from the SERS substrate 

[65] 

Immunogold MBA 0.4 nmol/L 
mABs failed to combined with its specific antibody after combined 
with Hg2+, inhibiting the formation of sandwich structure on Au film 

[66] 

AuNPs RB ~2.49 nmol/L
Hg2+ can bind to AuNPs preferentially and replace the previous ab-
sorbed Raman dyes 

[67] 

Ag2TeNPs R6G 3 nmol/L 
Ag2Te NPs reacted with Hg2+ to form HgTe NPs, leading to a decrease 
of SERS intensity 

[68] 

AgNPs 4-MPy 0.34 nmol/L Formed the Hg-Ag alloy and then blocked the adsorption of 4-MPy [69] 

Au@AgNR MGITC l) 1 pmol/L 
MGITC can bind strongly with Hg2+ to prevent MGITC anchoring onto 
the substrate 

[41] 

AuNPs Diphenylthiocarbazone 1 nmol/L 
Hg2+ were able to displace the diphenylthiocarbazone molecules from 
the substrate 

[70] 

  a) Dpy, 4,4′-Dipyridyl; b) R6G, rhodamine 6G; c) R–NH2, a aminated ring-close structure of rhodamine 6G; d) AuNWs, single crystalline Au nanowires; 
e) TBA, thrombin-binding aptamer; f) CV, crystal violet; BG, brilliant green; EB, ethidium bromide; g) BSA, bovine serum albumin; h) TC, tri-sodium 
citrate; IP6, inositol hexaphosphate; i) RB, rhodamine B; j) NPA, nanosilver-aggregation; k) MPy, 4-mercaptopyridine; l) MGITC, malachite green isothio-
cyanate. 

 
 
AuNPs, causing the gold nanoparticle aggregation and pro-
ducing a strong SERS signal of Bismuthiol II. Then, Hg2+ 

was introduced. Hg2+ could bind to sulphur atoms on Bis-
muthiol II to reduce Bismuthiol II’s ability to connect Au. 
Thus, the aggregation of AuNPs was reversed, leading a 
quench of Raman signal and a recover at 520 nm of UV 
spectroscopy. The limit of detection was 2 and 30 nmol/L 
for UV-Vis spectroscopy and SERS spectroscopy, respec-
tively. 

The co-working of fluorescence spectrum and Raman 
spectrum also becomes popular. A number of fluorescent 
molecules have a larger Raman scattering cross section 
which can produce a distinct Raman signal, therefore, the 

combination experiment of fluorescence and SERS requires 
only one signal reporter. 

For example, Ganbold et al. [73] reported a SERS and 
fluorescence dual-mode ions sensor consisting of citrate- 
reduced AuNPs covered with rhodamine dyes. Two rhoda-
mine dyes (R6G and Rh123) were introduced in experiment 
system to be a fluorescent molecule as well as a Raman 
reporter. In the colloid of rhodamine dyes-covered AuNPs, 
fluorescent signal quenched and a strong SERS signal of 
rhodamine was obtained. After Hg2+ was put in, rhodamine 
dyes detached from AuNPs, which weakened fluorescent 
quenching effect from metal substrate and meanwhile de-
creased the SERS intensities. To explain rhodamine dyes’  
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Figure 8  SERS based detections combining with other technologies. (a) SERS and SPR dual-signal model sensor [71]; (b) colorimetric and SERS dual- 
signal sensor [72]; (c) SERS/fluorescence dual-mode sensor based on the human telomeric G-quadruplex DNA [74] (color online).  

detachment, researchers gave two conjectures: rhodamine 
dyes preferentially bond to Hg2+ instead of AuNP surfaces; 
or mercury ions actually bonds to the AuNPs displacing the 
rhodamine dyes from the substrate. A dynamic relationship 
between the mercury ions and the two signals’ intensity in 
the range 0.5–10 mol/L was observed. Similarly, another 
SERS/Fluorescence dual-mode nano-sensor for trace mer-
cury was constructed by Liu’s group [74] based on the 
Cy3-linked G-quadruplexes and the Ag@Au nanoparticles 
(Figure 8(c)). Cy3 was closer to the plasmonic surface when 
G-quadruplexes was modified on metal surface, generating 
a strong SERS signal. In addition of complementary DNA 
and Hg2+, G-quadruplexes was opened up to match with 
complementary DNA by T-Hg2+-T pairs, leading Cy3 far 
from the metal surface to restore the fluorescence and de-
crease the SERS intensity. The LOD was as low as 5 pmol/L. 

4  Conclusions  

Owing to the serious mercury pollution, developing rapid, 
ultra-sensitive and reliable methods for detecting mercury 
ions are now on the agenda and has caused widespread  

attention. SERS considered as a novel optical technology 
has great advantages and potentials in sensitive mercury 
ions detection.  

This review summarized the progress on SERS-based 
mercury ions detections in the past few years. According to 
the intensity changes of SERS signal, the detection strate-
gies can be primarily divided into two categories, i.e. signal 
turn-on and turn-off modes. For the turn-on mode, the de-
tection protocols are designed to out-put stronger SERS 
signals with the increasing mercury ions, mainly by induc-
ing the metallic nanoparticles to form aggregates in order to 
generate rich hot spots or pushing the Raman dyes closer to 
the SERS substrate to obtain stronger surface enhancement 
effect. Turn-off mode primarily utilizes the effects of mer-
cury ions on the dissociation of Raman reporters from the 
SERS substrate or the forming of amalgam to interfere the 
surface enhancement effect of the SERS substrates. Besides 
these two predominant strategies, several combination 
methods of SERS with other techniques such as fluores-
cence, UV and SPR were also mentioned and discussed.  

SERS has obtained great progress in the detection of 
mercury ion. However, most protocols based on turn-on 
mode use noble metal nanoparticles as the SERS-active 
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substrates which can nonspecifically aggregate due to the 
influence of environmental factors such as low PH value or 
high temperature of the ambient environment. Thus, it is 
important to develop highly stable SERS sensors that can 
adapt to complexed testing environment. Besides, the stable 
solid SERS substrates with strong and uniform surface en-
hancement effect are also required to perform convenient 
detections with highly repeatable SERS signals. Moreover, 
since the contaminations always involve multiple toxic 
heavy metal ions, simultaneous multivariate analysis is an 
urgent demand. Therefore, developing novel simultaneous 
detection strategies for multi components testing is also a 
very important and challenge topic. At present, most appli-
cations of SERS for mercury ions detections are still in the 
laboratory research stage, so the future works also should be 
focused on bringing the SERS technique to the practical 
applications. 

In summary, SERS technique has shown significant pro-
spects in the field of mercury ions detection, and is hopeful 
to develop a series of cheap, simple, real-time, in-situ, ul-
trasensitive and reliable detection strategies for practical 
application in the near future. 
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