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Surface-enhanced Raman scattering (SERS) spectroscopy is presented as a sensitive and spe-
ci¯c molecular tool for clinical diagnosis and prognosis monitoring of various diseases including
cancer. In order for clinical application of SERS technique, an ideal method of bulk synthesis of
SERS nanoparticles is necessary to obtain sensitive, stable and highly reproducible Raman
signals. In this contribution, we determined the ideal conditions for bulk synthesis of Raman
reporter (Ra) molecules embedded silver-gold core-shell nanoparticles (Au@Ra@ AgNPs) using
hydroquinone as reducing agent of silver nitrate. By using UV-Vis spectroscopy, Raman
spectroscopy and transmission electron microscopy (TEM), we found that a 2:1 ratio of silver
nitrate to hydroquinone is ideal for a uniform silver coating with a strong and stable Raman
signal. Through stability testing of the optimized Au@Ra@AgNPs over a two-week period,
these SERS nanotags were found to be stable with minimal signal change occurred. The sta-
bility of antibody linked SERS nanotags is also crucial for cancer and disease diagnosis, thus,
we further conjugated the as-prepared SERS nanotags with anti-EpCAM antibody, in which
the stability of bioconjugated SERS nanotags was tested over eight days. Both UV-Vis and
SERS spectroscopy showed stable absorption and Raman signals on the anti-EpCAM conju-
gated SERS nanotags, indicating the great potential of the synthesized SERS nanotags for
future applications which require large, reproducible and uniform quantities in order for cancer
biomarker diagnosis and monitoring.
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cules; SERS nanotags and bioconjugation.

*Corresponding author.

This is an Open Access article. It is distributed under the terms of the Creative Commons Attribution 4.0 (CC-BY) License. Further
distribution of this work is permitted, provided the original work is properly cited.

OPEN ACCESS
Journal of Innovative Optical Health Sciences
Vol. 14, No. 4 (2021) 2141007 (10 pages)
#.c The Author(s)
DOI: 10.1142/S1793545821410078

2141007-1

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

02
1.

14
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 H

U
A

Z
H

O
N

G
 U

N
IV

E
R

SI
T

Y
 O

F 
SC

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y
 o

n 
08

/0
1/

21
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.

https://dx.doi.org/10.1142/S1793545821410078


1. Introduction

In a climate of major socio-economic burden as a
consequence of diseases, the demand for cost e®ec-
tive, rapid and accurate detection is ever increasing
for clinical diagnosis purposes. The use of plasmonic
nanoparticles as tags or probes presents an accurate,
highly sensitive and molecule speci¯c method using
surface-enhanced Raman scattering (SERS) spec-
troscopy to detect low-concentrations of biomarkers
for disease quanti¯cation and identi¯cation.1–4 The
potential of these particles is applicable to many
applications and innovative technologies for medical
diagnosis such as the use of lateral °ow assays for
cytokine and disease detection due to the ability for
extremely low concentrations of biomarkers to be
detected through SERS enhancement.5,6 However, in
order for nanoparticle used in further technologies
and applications, it is vital that their synthesis being
optimized and controlled for bulk synthesis.

In previous studies conducted, di®erent plas-
monic structures have been synthesized including
stars, spheres, shells and rods.7–13 For example,
gold/silver nanostars have been demonstrated to
induce very high SERS signal due to the spikes
present on the surface which act as SERS \hot
spots".14–18 However, their structure is di±cult to
ensure reproducibility due to the unpredictability of
the shape and size of the spikes in their struc-
ture.19–23 The spherical design of the nanoparticles
is easier to control and ensure uniformity due to the
nature of the synthesis process required. While the
signal is less than the nanostars at the fundamental
level, this could be improved through the addition
of another plasmonic layer, e.g., silver coating in the
nanoparticle synthesis which ampli¯es the plas-
monic resonance and consequential Raman sig-
nal.10,20,24–26 With concerns have been expressed
about the requirement for aggregation, with the
added silver coating, and optimization of the syn-
thesis conditions to increase the thickness of the
outer silver layer, an increased SERS response could
be obtained. The subsequent testing conducted in
our studies aimed at identifying the ideal synthesis
conditions in order to meet this need of reproduc-
ibility and stability whilst ensuring the highest
possible SERS signal using spherical nanoparticles.

In a previous study conducted by Zhang et al. on
the synthesis of silver coated spherical nano-
particles, their study showed an increased Raman
signal through the addition of 60�L for both

hydroquinone and silver nitrate on gold nano-
particles.26 It is thus assumed that varying the ra-
tios between hydroquinone and silver nitrate would
have an e®ect on the synthesis and the corre-
sponding Raman signals. Consequently, the method
proposed in the previous study found that while
doubling the amount of both hydroquinone and
silver nitrate, the Raman signal increased compared
to that without coating. Therefore, it is very im-
portant to investigate on which reacting component
caused the enhanced e®ect and whether the
amounts (or ratio) of di®erent reactants could be
optimized for bulk synthesis. Thus, for our meth-
odology we aimed at varying the ratios in order to
test these conditions. Another critical factor in
order to ensure the further applications being con-
ducted with reliability, the stability of the
synthesized silver coated gold and bioconjugated
spherical nanoparticles was also monitored for
changes in their UV-Vis absorption intensity and
SERS signal. In doing so, the stability of the as-
prepared SERS nanotags ensures their reliability,
uniformity and accuracy in quantitative uses after
being transported and stored for an amount of time.

SERS nanotags have been reported in various
applications including cytokine, DNA mutation,
cancer and virus detection through the attachment
of ligand molecules, such as antibodies to the SERS
nanotags.27–29 The speci¯c antibodies then attach
to corresponding biomarkers for quantitative de-
tection purposes using SERS. Through the use of
speci¯c ligand molecule (e.g., antibodies), bio-
markers are able to be detected and quanti¯ed for
the characterization and identi¯cation of diseases in
a rapid manner.1,5,9,19,27 For instance, the use of
SERS nanotags has been demonstrated to detect
speci¯c mutations within the EpCAM gene which
are often associated with Lynch syndrome that
increases the chance of various cancers such as colon
and breast cancer.27–29 Among this, the stability of
the antibody-conjugated nanotags is crucial to en-
sure the bonding of the corresponding biomarkers
and thus, impacts the accuracy of the consequential
signal from SERS.30,31 In our previous study, we
have tested the antibody conjugated SERS nano-
tags in one bu®er type.10 Following on our previous
studies, to demonstrate the potential application of
the as-prepared SERS nanotags in biomedical di-
agnosis, it is vital to determine the most ideal
storage conditions that ensures product stability for
future biomedical application. We thus further
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demonstrated the bioconjugation of anti-EpCAM
antibody on the as-prepared SERS nanotags, and
test their stability in four di®erent bu®ers. By using
UV-Vis absorption and SERS spectroscopy, we
have demonstrated the stability of anti-EpCAM
conjugated SERS nanotags in 0.05%BSA/PBS, and
0.05%BSA/HEPES bu®er over 8 days. Therefore,
in this study, we aimed at optimizing the synthesis
conditions for both silver coated gold nanoparticles
and bioconjugated nanoparticles with antibodies,
and determining their stability for the bulk syn-
thesis of the designed nanotags for potential future
applications in biomedical diagnosis.

2. Materials and Methods

2.1. Materials and reagents

All reagents including gold(III) chloride trihydrate
(HAuCl4 � 3H2O), sodium citrate tribasic dihydrate,
silver nitrate, hydroquinone, 4-(2-hydroxyethyl)-1-
piperazine ethane sulfonic acid (HEPES) bovine
serum albumin (BSA), 5,5-dithio-bis-(2-nitrobenzoic
acid) (DTNB) and 3,3 0-dithiobis(sulfosuccinimidyl
propionate) (DTSSP) were purchased from Sigma-
Aldrich (Sydney, Australia), unless otherwise stated.
Anti-EpCAM (monoclonal mouse IgG2B Clone,
MAB9601) were obtained from R&D systems (In
Vitro Technologies, Australia). Milli-Q water
(18.2M�.cm) was used to prepare all aqueous
solutions.

2.2. Methods

2.2.1. Synthesis of DTNB-coated AuNPs

(Au@DTNB)

Gold nanoparticles (AuNPs) at size of approxi-
mately 60 nm were synthesized by heating HAuCl4
aqueous solution (0.01% w/v, 50mL) to boiling
under stirring at 600 rpm, following with addition of
0.35mL sodium citrate solution (1.0% w/v), the
color of the solution changed from faint blue to
bright purple within 2min after addition of the so-
dium citrate. The solution was boiled and stirred
continuously for another 20 min before cooling
down to room temperature. To obtain SERS
nanotags, 10�L of 1mM of DTNB dissolved in
ethanol was added to 1mL as-prepared AuNPs
under shaking for 12 h to ensure a complete DTNB-
coated AuNPs (Au@DTNB) surface. Excess DTNB

molecules were removed by centrifugation at
5000 rpm for 7min and the pellet was then re-
dispersed in water for the following use.

2.2.2. Synthesis of silver coated Au@DTNB

The silver coating on Au@DTNB was performed by
adding 30�L of hydroquinone (10mM) and di®er-
ent volumes (15, 30, 45, 60, 75, and 90�L) of
AgNO3(10mM), sequentially. The solution was
then incubated overnight to ensure the formation of
a silver coating on the Au@DTNB. The as-prepared
Au@DTNB@AgNPs were then centrifuged at
6000 rpm for 6min to remove excess AgNO3 and
hydroquinone, then re-suspended in Milli-Q water.

2.2.3. Bioconjugation of anti-EpCAM
antibody on Au@DTNB@AgNPs

For preparation of the monoclonal antibody conju-
gated SERS nanotags, DTSSP (8�L, 1mg/mL)
was mixed with anti-EpCAM antibody (8�L,
0.5�g/�L in PBS) and incubated under 300 rpm
shaking at room temperature for 30min. 16�L of
DTSSP-EpCAM antibody was then added to
0.5mL Au@DTNB@AgNPs and incubated at room
temperature for another 30min. The sample was
then left at 4�C overnight to ensure conjugation of
antibodies to the surface of Au@DTNB@AgNPs.
To remove excess DTSSP linker and antibodies, the
SERS nanotags were centrifuged at 4�C for 10min
at 6000 rpm. For further testing, the antibody-
conjugated SERS nanotags were re-dispersed in
300�L of di®erent bu®er solution including 0.05%
BSA in 0.1mM PBS, 0.05% BSA in HEPES,
0.1mM PBS or 0.1mM HEPES.

2.3. Instrument

SERS spectra of the as-prepared Au@DTN-
B@AgNPs were collected using portable Raman
microscope (IM-52, Snowy Range Instruments) at
785 nm excitation with the 70mW laser power, 1 s
of integration time for six accumulations. Trans-
mission electron microscope (TEM, Philips
CM10) was used to observe the size and morphology
of the particles. The size distribution and zeta po-
tential of the AuNPs and Au@DTNB@AgNPs
were determined using Zetasizer NanoZS (Malvern
U.K.). The plasmonic resonance of AuNPs and
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Au@DTNB@AgNPs was detected using UV-Vis
spectrometer (NanoDrop 2000, Thermo Scienti¯c).

3. Results and Discussion

3.1. Synthesis of silver coated Ra em-

bedded gold nanoparticles

The silver-coated Ra-Au nanoparticles (Au@R-
a@AgNPs) were designed using a gold core coated
with Raman reporter molecules (Ra). Initially,
DTNB were used as the Raman reporter molecule
which binds to the gold core through an Au–S bond,
forming a self-assembled monolayer (SAM) as in-
dicated in Scheme 1. DTNB is able to form the SAM
on gold through the breakage of the disul¯de
bond.32,33 The silver layer was generated via the
hydroquinone reduction of AgNO3:

10 The advan-
tages of this design include (i) the further ampli¯ed
SERS signal due to the plasmonic coupling e®ect of
gold–silver upon silver coating, and (ii) the protec-
tion of Raman reporter molecules to ensure a stable
Raman signal owing to the embedded molecule in
the core-shell structure.

During the synthesis, we observed a color change
from pink/purple by the AuNPs to an orange/
brown as a consequence of the increasing silver ni-
trate volumes indicating the formation of the silver
layer onto the Au@DTNB. As displayed in Fig. 1,
whereby with an increasing ratio between silver
nitrate and hydroquinone, the color becomes more
orange. Beyond a 2:1 ratio of silver nitrate to hy-
droquinone, the samples became more aggregated
and less silver coating was observed. A study of the
varying ratios of hydroquinone was also tested and
was found to have minimal to no impact on the
overall reaction.

3.2. Characterization of silver coated
Ra embedded gold nanoparticles

For the characterization of the AuNPs and SERS
nanotags, we performed UV-Vis absorption spec-
troscopy for the surface plasmonic resonance (SPR)
of each sample. As seen in Fig. 2, the characteristic
SPR peak shifted with the varying volumes of silver
nitrate compared to the AuNPs and Au@DTNB.
The peak of AuNPs is situated at roughly 540 nm
while the peak for Au@DTNB is shifted at 550 nm
due to the binding of DTNB on AuNPs surface,
which is induced by the change of the surrounding
refractive index when DTNB forms SAM on
AuNPs.34 Compared to the control experiment
(30�L of silver nitrate without hydroquinone),
when the hydroquinone was added, the blue shift of
the SPR peak occurred, indicating the silver layer
has formed. The peak shift varies with the di®erent
volumes of AgNO3 which is a consequence of the
di®erent thickness of the silver layer. As seen in the
2:1 ratio of silver nitrate (60�L) to hydroquinone,
whereby the peak shifts to 525 nm, indicating the
thickest silver coating based on the corresponding
peak. With the silver nitrate to hydroquinone ratio
increasing (2.5:1 and 3:1), much broader SPR bands
(green and blue curves in Fig. 2) were observed,

Scheme 1. The scheme for synthesis of silver-coated AuNPs-Ra SERS nanotags.

Fig. 1. Photograph of as-prepared Au@DTNB@AgNPs at
di®erent ratios of silver nitrate to hydroquinone.
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which is an indication of the aggregation induced by
high amount of silver nitrate.

We further measured the size of AuNPs,
Au@DTNB and Au@DTNB@AgNPs using TEM
images (Fig. 3), which show the silver coating as
indicated by the lighter region around the darker
gold sphere core. As the ratio of silver nitrate to
hydroquinone increased, the Au@DTNB@AgNPs
tend to aggregate, and less silver coating is applied.
Hence, the lighter region of silver around the par-
ticles is minimal as compared to 2:1 ratio of silver
nitrate (60�L) to hydroquinone. The thickness of
silver layer for the ideal ratio of 2:1 of silver nitrate
to hydroquinone was found to be 5–7 nm. As the
small Raman reporter molecule (DTNB) was em-
bedded between the gold core and silver layer, it is
assumed the gap between gold and silver is less than

1 nm. However, this gap is too small to be seen
within the TEM images due to the low resolution of
the TEM microscope used in this study.

Thus, the silver coating of AuNPs@DTNB has
been con¯rmed through both UV-Vis spectroscopy
(Fig. 2) and TEM imaging (Fig. 3). The UV-Vis
spectroscopy shows the blue shift of the as-prepared
nanoparticles asa consequenceof the change in surface
plasmon resonance with the formation of silver layer,
whereby its dielectric constant causes the blue shift
and con¯rms the silver coating. The TEM images
show an inner darker, denser region of gold core and a
lighter outer region of silver layer, which further con-
¯rms the formation of the silver layer on gold core.

To better understand the physical mechanism
behind SERS enhancement after the silver coating
and establish the relationship of the as-prepared
nanoparticles with their Raman signal, the UV-Vis
characterizations and TEM images were compared
with the corresponding Raman intensities. As seen
in Fig. 4, the characteristic Raman vibrational
peaks of DTNB are located at 1334 and 1560 cm�1,
which is a consequence of the asymmetric NO2

stretching and aromatic ring vibration, respective-
ly.2,35 When the volume of silver nitrate increased
for the synthesis, the Raman signal increased which
indicated the formation of the silver layer which
generates stronger surface plasmonic resonance
e®ects to amplify the Raman scattering of DTNB.
However, the Raman signal increased dramatically
when the volume of silver nitrate increased to 75�L
or 90�L, which may be due to the increase of
silver thickness or the formation of aggregate
during synthesis. The formation of aggregates will

Fig. 2. UV-Vis absorption spectra of AuNPs, Au@DTNB and
Au@DTNB@AgNPs with varying silver nitrate volumes and
the control without hydroquinone.

Fig. 3. TEM images of Au@DTNB@AgNPs at varying volume of silver nitrate.
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introduce signi¯cant signal variations which result in
imprecise and inaccurate signals for quantitative
analysis. The most uniform and thickest coating was
thus achieved through a 2:1 ratio of silver nitrate to
hydroquinone, which also resulted in the highest
SERS enhancement and aligned with the results
from the UV-Vis and SERS spectroscopy. Moreover,
due to the small size of the Raman reporter molecules
(DNTB) embedded between gold core and silver
shell, this small interior gap (� 1 nm) is assumed to
generate a SERS enhancement factor about
6:0� 105–5:0� 106 as reported,10,36–38 though the
DNA-based gap-enhanced Raman scattering would
produce about 1:0� 108 –2:0� 109 enhance-
ment.39,40 The extremely high SERS enhancement
factor is attributed to the strong electromagnetic
¯eld associated with the localized surface plasmon
coupling e®ect due to the interior gap.40–43

We further investigated the characteristics of the
Au@DTNB@AgNPs through the determination of
zeta potential (Table 1) in order to gauge their
isoelectric stability. As compared to AuNPs and
Au@DTNB, the zeta potential tended to become
increasingly negative to a peak at 1.5:1 ratio. The
values decreased from �30.5 � 0.7, �30.2 � 11.3,
�29.5 � 0.8, �31.6 � 0.7, �33.4 � 1.5, �31.6 � 0.6,
�28.8 � 3.1, and �30.6 �1.5mV for AuNPs,
Au@DTNB and each increasing ratio of silver ni-
trate to hydroquinone, sequentially. As indicated in
Table 1, beyond the 1.5:1 ratio of silver nitrate to
hydroquinone, the values increase slightly. This
indicates that as increasing amounts of silver nitrate
are added, the Au@DTNB@AgNPs become more
stable until the 1.5:1 ratio; beyond which the par-
ticles become less stable and are more prone to

aggregation. This can also be seen in the TEM images
within Fig. 4 whereby the samples tend to become
more aggregated within the 2.5:1 ratio and beyond.

According to the results from UV-Vis, SERS,
TEM and Zeta-potential of as-prepared nano-
particles, it was determined that the ideal ratio of
2:1 between silver nitrate and hydroquinone for the
bulk synthesis of Au@DTNB@AgNPs is the most
stable condition from aggregates and has the
thickest silver coating which increases SERS in-
tensity due to surface plasmonic e®ects.

3.3. Stability study of silver coated Ra

embed gold nanoparticles

Moreover, the stability of AuNPs@DTNB@Ag in a
2:1 ratio was tested using UV-Vis spectroscopy and
Raman spectroscopy over two weeks to ensure their
potential for further medical applications. As shown
in Table 2, the stability study did not show any
signi¯cant changes to the SERS intensity nor were
any signi¯cant aggregates formed. Both of Raman
intensity and UV-Vis absorption intensity remained
fairly consistent over the week that the sample was
measured, thus concluding that the samples are able
to be kept for further medical applications without
signi¯cant changes or aggregation. Although the
readings to show variation, this is consistent with
the Raman and UV-Vis readings which can be quite
sensitive to minor changes.

3.4. Bioconjugation of antibodies onto
silver coated Ra embed gold

nanoparticles

Due to the transportation and storage of potential
future products, the products ability to produce

Fig. 4. SERS spectra of DTNB for varying silver nitrate
volumes and controls.

Table 1. Zeta potential of as-prepared nanoparticles.

Sample Zeta potential (mV)

AuNPs (60 nm) �30.5� 0.7
AuNPs@DTNB �30:2� 1:3
AuNPs@DTNB@Ag15 �29.5 � 0.8
AuNPs@DTNB@Ag30 �31.6 � 0.7
AuNPs@DTNB@Ag45 �33.4 � 1.5
AuNPs@DTNB@Ag60 �31.6 � 0.6
AuNPs@DTNB@Ag75 �28.8 � 3.1
AuNPs@DTNB@Ag90 �30.6 � 1.5
Hydroquinone control 0:1 �30.4 � 2.7
AgNO3control 1:0 �26.0 � 0.5
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accurate and precise measurements over time relies
on its stability. For further clinical application, a
stability study was conducted on the biconjugated
silver coated gold nanoparticles in order to test their
longevity. Scheme 2 illustrates the process of bio-
conjugation whereby, the DTSSP linker is added to
the Au@DTNB@AgNPs before adding the EpCAM
antibodies which were covalently bounded to the
surface of nanoparticles. DTSSP was used as the
linker because it has an ester group to react with the
primary amino group in antibody for direct bio-
conjugation (as shown in Scheme 2). Compared to
the linker of 11-mercaptoundecanoic acid (MUA),
which requires an additional activation step via
EDC/NHS (1-ethyl-3-(3-dimethylaminopropyl) car-
bodiimide hydrochloride/N-Hydroxysuccinimide)
coupling chemistry to activate the carboxyl group
for antibody conjugation, DTSSP provides an easier
reaction whereby it was ¯rst mixed with the anti-
bodies to maximize bonding before being added to
the Au@DTNB@AgNPs to form the antibody con-
jugated SERS nanotags.

3.5. Stability study of EpCAM-silver
coated Ra embed gold nanoparticles

The stability of EpCAM antibody conjugated
Au@DTNB@AgNPs was tested in four di®erent
bu®er solution to determine which bu®er is the most
suitable condition for product distribution in terms
of the aggregation and Raman signal. Table 3 shows
the signal intensity from UV-Vis and Raman spec-
troscopy. The results indicated that the 0.05% BSA
in 0.1mM PBS was the ideal bu®er that ensured the
greatest stability by comparison of the UV-Vis in-
tensity to the corresponding Raman intensity,
which demonstrates high levels of nanoparticles
stability over time. The large changes in these
values occurred due to aggregation in the sample
which can either signi¯cantly increase or decrease
the signal. Without PBS, the particles tended to
have much higher level of aggregation which con-
sequentially resulted in changes in Raman intensity
as well as the absorption intensity. While di®erent
bu®ers showed some variability, this is typical due

Table 2. Stability study of Au@DTNB@AgNPs using UV-Vis and Raman spectroscopy.

Day UV-Vis intensity (a.u.) Wavelength (nm) Raman shift (cm�1Þ Raman intensity (a.u.)

Day 1 0.110 536 1345.31 817.22
Day 3 0.126 534 1343.02 864.98
Day 8 0.122 535 1344.94 819.09

Scheme 2. Bioconjugation of EpCAM antibodies onto the Au@DTNB@AgNPs.
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to the aggregating nature of the particles. For fur-
ther clinical applications, a more stable bu®er must
be used in order to ensure consistency within the
samples used as aggregation can cause major
changes to consequent readings. It should also be
mentioned that the proposed Raman reporter em-
bedded SERS nanotags were designed for in vitro
applications whereby the toxicity of silver in bio-
logical systems is not an issue. However, a biocom-
patible layer such as BSA or polyethylene glycol
(PEG) can be easily coated on the SERS nanotags
surface to improve its potential application for the
in vivo study.

4. Conclusion

In summary, we have determined the ideal method
of synthesis of SERS nanotags consisting of a gold
core, Raman reporter molecules and silver layer
using hydroquinone as the reducing agent. Due to
the surface plasmon coupling resonance e®ect
within the interior gap (so-called gap-enhanced
Raman scattering) between the gold core and the
silver layer, SERS signal was increased signi¯cantly
with the increase of silver shell thickness, allowing
for high sensitivity and speci¯city in the future
clinical applications. The synthesis of silver nano-
particles was determined to be ideal when in a 2:1
ratio of silver nitrate to hydroquinone. This allowed
for the highest SERS signal and thus improving the
synthesis of new SERS nanotags for diagnostic
purposes. The silver coated AuNPs were found to be
stable as per stability testing over two-week period
using UV-Vis and Raman spectroscopy. When the

SERS nanotags were bioconjugated with an anti-
body, they were tested against various bu®ers.
SERS nanotags showed the highest stability when
they were suspended in PBS containing 0.05% BSA,
providing the ideal condition of SERS nanotags
which are stable for future medical applications.
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