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a b s t r a c t

In this paper, Au–Ag–Au double shell nanoparticles were prepared based on the reduction of the metal
salts HAuCl4 and AgNO3 at the surface of seed particles. Due to the synergistic effect between Au and Ag,
the hybrid nanoparticles are particularly stable and show excellent performances on the detection of
2-mercapto-1-methylimidazole (methimazole). The binding of target molecule at the surface of Au–Ag–Au
double shell nanoparticles was demonstrated based on both localized surface plasmon resonance (LSPR)
and surface-enhanced Raman scattering (SERS) spectra. The LSPR intensity is directly proportional to the
methimazole concentration in the range of 0.10–3.00�10�7 mol L�1. The SERS spectrum can be applied in
identification of methimazole molecule. The LSPR coupled with SERS based on the Au–Ag–Au double shell
nanoparticles would be very attractive for the quantitative determination and qualitative analysis of the
analytes in medicines.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the rapid development of nanotechnology is
related to the gold nanoparticles. Gold nanoparticles have small
size, surface and quantum size effect. The metal nanoparticles
have been used in chemical and biological detection [1,2]. Gold
nanoparticles exhibit well-defined optical properties on account
of their localized surface plasmon resonance (LSPR) and surface-
enhanced Raman scattering (SERS) phenomena and develop
rapidly [3,4]. LSPR arises from the resonant oscillation of conduc-
tion electrons on the surface of metal nanoparticles [5]. When the
incident light frequency and the free electron collective oscillation
frequency are the same, resonance can be produced. In aqueous
solution, gold nanoparticles exhibit strong plasmon bands that are
depended on their geometric shape, core–shell structure, size and
the surrounding medium conditions [6–8]. LSPR of metal nano-
particles, especially gold and silver nanoparticles, is very sensitive to
their surface-bound molecules and the surrounding environment.
The LSPR spectrum of the noble metal nanoparticles is related to
the dielectric constant of the surrounding environment. Because
methimazole has CQN and C–N groups, LSPR effect highly related
to the dielectric constant. Therefore, the adsorptions of chemical
substances or biomolecules to surfaces of metal nano-structures can

be detected by measuring the absorption or extinction spectra since
the molecular adsorption gives rise to an increase in the dielectric
constant near the surface. This shift can be described by measuring
the change either in the peak intensity or in the peak location [9].
Although LSPR can be used to monitor the binding of macromole-
cules to functionalized nanoparticle surfaces, extinction spectro-
scopy does not allow for specific identification of the chemical
entity. Vibrational spectroscopy, on the other hand, is capable of
revealing molecular characteristics of the analyte. SERS is a surface
sensitive technique that results from the enhancement of Raman
scattering by molecules adsorbed on rough metal surface [10,11].
Individual bands in a SERS spectrum are characteristic of a specific
molecular motion. The two well-known mechanisms to account for
the origin of SERS are the electromagnetic and chemical or charge
transfer mechanisms [12,13]. The enhancement factor can be as
much as 1014–1015, which allows the technique to be sensitive
enough to detect single molecule [11]. By combining SERS and LSPR
spectroscopies, the detection and structural identification of mole-
cules can be made.

Gold nanostructures were widely used for fabrication of sensor
based on the LSPR optical characteristics. Gold nanostructures,
especially, core–shell nanoparticles have been applied to many fields
and received the critical attention because their optical properties
depend on the shape and size of the nanostructures. The core–shell
nanoparticles can be prepared by several methods [14–20]. However,
the most common preparation method is wet chemical synthesis
[21–23]. Depending on the synthesis procedure, successive reduction
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gives the core–shell nano-particles which are attracting special
attention owing to their unique plasmonic properties, fascinating
optical, electronic, and catalytic properties [24], which are different
from the individual metallic counterpart. These interesting physico-
chemical properties appear because of the combination of two kinds
of metals and their fine structures, evolving new surface character-
istics. Thus, core–shell nanoparticles, composed of two different
metal elements, are of more interest compared with monometallic
nanoparticles. Core–shell Au–Ag and core–shell Ag–Au are relatively
conventional core–shell structures of the nanoparticles. The multi-
component systems can be used in variety of fields such as
therapeutics, design of optoelectronic, magnetic and semiconductor
materials.

Methimazole is an important thiol compound and has high
efficiency in the treatment of hyperthyroidism in humans which
has become the endocrine system disease of the 2nd big disease in
the global scope nowadays [25]. To take too much methimazole can
cause some symptoms of nausea, diarrhea, dizziness and even will
appear vasculitis, lupus erythematous syndrome, nephritis and
thrombocytopenia etc. Therefore it is necessary to quickly deter-
mine methimazole in tablets. Somemethods have been reported for
the determination of methimazole, including the electrochemical
method [26], flow-injection spectrophotometry [27], HPLC–MS [28],
the fluorescence probe method [29], chemiluminescence analysis
[30] and LC [31]. However, there are still some limits in these
methods. One important limit on HPLC and spectrometric techni-
ques is that methimazole lacks sufficient UV absorption and thus to
select a suitable mobile phase and a suitable reactant is required,
which obviously results in increase in costs and analytical complex-
ity. The LSPR of nanoparticles can be readily measured by UV–vis
spectrometry and a delicate optical coupler is not required.
Furthermore, fabrication of the sensors is very cheap and easy
and can be finished in conventional chemical laboratories. In
particular, it can provide good selectivity and sensitivity without
the labeling process. Methimazole can be bound to the surface of
gold nanoparticles strongly by Au–S which induces the change of
LSPR intension.

In the present work, monodispersed Au seeds were synthesized,
and then the metal salt AgNO3 at the surface of Au seeds was
reduced to form uniform Au–Ag core–shell. Subsequently, the Au–Ag
core–shell was covered with second Au shell through the reduction
of HAuCl4 by ascorbic acid to form defect-free Au–Ag–Au double shell
nanoparticles. The Au–Ag–Au double shell nanoparticles were used
as probes to detect medicinal molecules. We studied the adsorption
of methimazole on gold nanospheres and Au–Ag–Au double shell
nanoparticles. The method for determining and identifying the
methimazole was developed. The present method was applied to
the analysis of the real samples. The experimental results indicated
that the present method had some advantages in sensitivity, simpli-
city, rapidity and stability.

2. Material and methods

2.1. Materials

Tetrachloroauric acid (HAuCl4 �4H2O, 99.99%), trisodium citrate
dihydrate, silver nitrate (AgNO3, 99%), cetyltrimethylammonium
bromide (CTAB, 99%), L-ascorbic acid (vitamin C) and 2-mercapto-1-
methylimidazole were purchased from Beijing Ding Guo Biotech.
Co. Ltd., China. Al(NO3)3 �9H2O, BaCl2 �2H2O, CaCl2 �2H2O, Cd(NO3)2 �
4H2O, CuCl2 �2H2O, KCl, MgCl2 �6H2O, NiCl2 �6H2O, NaCl and ZnSO4 �
7H2O were purchased from Beijing Chemical Reagent Company
(Beijing, China). The Britton–Robinson (BR) buffer solution (ionic
strength, 0.5) contained 0.04 mol L�1H3PO4, 0.04 mol L�1 HAc, and
0.04 mol L�1H3BO3 and the pH values of the buffer solution were

adjusted to appropriate pH using 0.2 mol L�1 NaOH. BR buffer
solution was used to control the acidity of the interaction system.
Aqua regia solution was used to clean the glassware. Other chemicals
used here were of analytical reagent grade and all the solutions used
in this study were prepared with ultrapure water.

2.2. Equipments

Absorption spectra were recorded on an Australian GBC Cintra
10e UV–vis–NIR spectrometer within the wavelength range from
400 to 1000 nm. The TEM image was obtained with a Hitachi
H 800 transmission electron microscope operated at an accelerat-
ing voltage of 200 kV. The Raman spectra were recorded on a
BTR111 MiniRam (B&W Tek, Inc.) equipped with 785 nm excitation
laser and a 1 cm quartz cell. The laser power was chosen as
105 mW and the integration time was 10 s.

2.2.1. Preparation of gold nanospheres
Gold nanospheres were synthesized based on the reduction of

HAuCl4 with citrate following the procedure described by Yu and
coworkers with slight modification [32] and stored in a brown
bottle at 4 1C. All glassware used in the preparation was thor-
oughly cleaned with aqua regia, rinsed with triply distilled water,
and oven-dried prior to use. In a 250 mL round-bottom flask
equipped with a condenser, 50 mL of 0.02% HAuCl4 was heated
to the boil with vigorous stirring. Rapid addition of 50 mL of 0.07%
sodium citrate in the boiling solution resulted in a color change
from pale yellow to claret-red. The solution was kept in boiling
for 10 min. Then the heating stopped, and the stirring continued
for an additional 15 min. The solution was cooled down to room
temperature, and filtered through 0.22 μm filter membrane. The
size and morphology of nanoparticles were characterized by
transmission electron microscopy (TEM). The result obtained by
TEM showed that the size of the gold nanospheres had a narrow
distribution and the mean diameter of the gold nanospheres was
about 18 nm.

2.2.2. Preparation of Au–Ag–Au double shell nanoparticles
Au–Ag–Au double shell nanoparticles were prepared based on

a reduction of the metal salts HAuCl4 and AgNO3 at the surface of seed
particles by the ascorbic acid method according to literature [33]
with slight modification. The gold seeds were prepared by heating
a mixture of 20 mL 0.5 mmol L�1 HAuCl4 and 20mL 1.7 mmol L�1

sodium citrate solution to boiling for about 20 min in a capped glass
bottle. The solution was heated till it is stable reddish-pink color. After
the solution cooled, this seed solution was used for the synthesis of
Au–Ag–Au double shell nanoparticles.

In a 200 mL beaker, 200 mL of 50 mmol L�1 CTAB, 5 mL of
0.1 mol L�1 ascorbic acid and 1.5 mL of 10 mmol L�1 of AgNO3

were added sequentially. Then an aliquot of 1.5 mL gold seeds was
added into this beaker. The beaker was shaken vigorously and
1 mol L�1 NaOH was added dropwise (in 4–5 steps). The color of
the solution changed from pink to yellow after adding NaOH.
In this way, the seeds were coated with the first silver shell to
develop Au–Ag (core–shell) nanoparticles. In order to get these
particles covered with the second shell of gold, 100 mL of the
above solution, 1.5 mL of 0.1 mol L�1 ascorbic acid and 200 uL
0.1 mol L�1 HAuCl4 were added into a cup. The cup then was
vigorously shaken along with the color change from yellow to dark
blue, which indicated the formation of the Au–Ag–Au double shell
nanoparticles. The solution was then centrifuged at 20,000 rpm for
10 min twice to remove the excessive CTAB and the precipitation
was re-dispersed in ultrapure water via the ultrasound.
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2.3. Determination of methimazole

The stock solution of 2 mmol L�1 methimazole was prepared
by dissolving methimazole in ultrapure water. The working solution
of methimazole was prepared by diluting the stock solution with
ultrapure water. The appropriate volume of Au–Ag–Au double shell
nanoparticles or gold nanospheres suspension, 200 uL of BR buffer
solution and appropriate volume of sample solution were added
into a 5 mL test tube. The solution was mixed thoroughly with
gentle shaking, and then diluted to 2 mL with double distilled
water. The resulting solution was allowed to stand for the appro-
priate time at room temperature and the absorption spectrum of
the solution was recorded with 1 cm path-length cell.

2.4. Preparation of sample solution

Two kinds of commercial tablets containing methimazole were
accurately weighed, ground and transferred into a 50 mL flask,
and then dissolved with double distilled water. The flask was
ultrasonically shaken for about 15 min. The solution was diluted to
50 mL with ultrapure water. The resulting sample solution was
diluted with ultrapure water and filtered before analysis.

2.5. Sample preparation for SERS analysis

700 μL colloidal solution of Au–Ag–Au double shell nanoparti-
cles was incubated with a certain volume of sample solution in
the 5 mL of centrifuge tube. 200 μL of buffer solution, 80 μL of
1 mol L�1 NaCl solution was added into the mixture. The solution
was mixed thoroughly with gentle shaking, and then diluted to
2 mL with double distilled water. The resulting solution was
allowed to stand for the appropriate time at room temperature
and then detected with 1 cm quartz cell of Raman.

3. Results and discussion

3.1. UV–vis–NIR spectral characterization of gold nanoparticles

The uniform size and shape of the Au–Ag–Au double shell
nanoparticles allow us to investigate the influence of shell and
core on the LSPR. Fig. 1 shows the UV/vis spectra of colloidal
Au, Ag, Au–Ag, and Au–Ag–Au double shell nanoparticles. The as-
synthesized Au–Ag–Au double shell nanoparticles are in average
size 73 nm. The absorption maxima of colloidal suspension of
Ag nanoparticles is at around 400 nm. The Au core with the average
size of 18 nm exhibits a LSPR peak at 520 nm. After coating with

silver, a LSPR peak emerged at 450 nm was observed. The nano-
particles turned yellowish and greenish which also indicate forma-
tion of core–shell structure. When the second shell of gold can be
formed on the first silver shell, the LSPR peak shows tremendous
change. One new peak emerges at 602 nm with the color change
from yellowish and greenish to dark blue.

It can be seen from Fig. 2 that Au–Ag–Au double shell
nanoparticles and gold nanospheres in the absence of methima-
zole exhibit absorption peaks at 602 nm and 520 nm, respectively.
The narrow peaks indicate that the naoparticles do not congregate
in the solution. When methimazole was added into the solutions
containing Au–Ag–Au double shell nanoparticles and gold nano-
spheres, the new peaks located at around 857 nm and 650 nm can
be observed, respectively and the intensities of the peaks increase
with the increase of methimazole concentration, which indicates
the aggregation of the naoparticles.

3.2. TEM observation of gold nanoparticles

The morphologies of the nanocomposites were characterized
by TEM. Fig. 3 provides the TEM photographs of the prepared gold
nanospheres and Au–Ag–Au double shell nanoparticles. The aver-
age particle sizes are about 18 nm and 73 nm, respectively. Fig. 3(a)
and (c) shows TEM image of the double shell nanoparticles and
gold nanospheres in the absence of methimazole, respectively.
The TEM photographs show a relatively homogeneous distribution

Fig. 1. UV/vis spectra of Au (a), Ag (b), Au–Ag (c) and Au–Ag–Au double shell
(d) nanoparticles.

Fig. 2. Absorption spectra of Au–Ag–Au double shell nanoparticles (a) and gold
nanosphere (b) in the presence of different methimazole concentrations. Concen-
trations of methimazole from (1 to 6) (a) 0.0, 0.1, 0.3, 0.5, 1.0 and 3.0�10�7 mol L�1

and (b) 0.0, 0.5, 1, 2, 3 and 5.0�10�7 mol L�1.
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of particles. The Au–Ag–Au double shell nanoparticles have the
advantages of Au and Ag nanoparticles. Due to the good stability
and biocompatibility of Au shell and high sensitivity of Ag, the
nanocomposites can be very stable and have high sensitivity and
good biocompatibility. Compared with Au, the Ag shows a higher
enhancement in the visible light region. However, it should be
noted that Ag is unstable and not biocompatible. Therefore, Au was
used as the protective agent for the Ag nanoparticles and the
underneath Ag may provide extra enhancement of sensitivity of the
biosensor. It also can be shown from Fig. 3(b) and (d) that after
addition of methimazole, the Au–Ag–Au double shell nanoparticles
and gold nanospheres occur aggregated in the solutions. The reason
mainly is that in the presence of methimazole, the surface of
Au–Ag–Au double shell nanoparticles adsorbs methimazole by
Au–S covalent bond.

3.3. Optimization of experimental conditions

3.3.1. Effect of pH
BR buffer solution was used to adjust the pH value of the

analytical solution. Fig. 4 shows the effect of the pH value on the
LSPR intensity of the system. The absorbance ratio A870/A602 for
the Au–Ag–Au double shell nanoparticles in the presence of
methimazole increases with the increase of pH value, reaches
the maximum at pH 4.5, and then decreases slightly. Because
Au–Ag–Au double shell nanoparticles are positively charged due to
the adsorption of the positively charged surfactant CTAB on the
surface of the nanoparticles and high pH value can induce the
aggregation of Au–Ag–Au double shell nanoparticles, the absorp-
tion spectra change. So pH 4.5 of BR buffer solution was selected
for the determination of methimazole.

The gold nanospheres are negatively charged due to the
adsorption of citrate groups, which is responsible for the stability
of colloidal gold. It can be seen from Fig. 4 that the A650/A520 of
gold nanospheres in the presence of methimazole increases with

the increase of pH value and reaches a maximum at the pH value
of 3.0. At the same time, when the pH value is lower than 3.0, the
color of solution changes obviously and when the value of pH
is higher than 3.0, there is a systematic red shift of the absorption
peak and A650/A520 decreases slightly. The gold nanospheres in the
presence of methimazole can be aggregated and have a strong
absorption signal of LSPR at pH value of 3.0. So pH 3.0 was selected
when gold nanospheres were used.

3.3.2. Incubation time
The effect of the incubation time on the LSPR intensity of

nanoparticles in the absence and presence of methimazole was
investigated. Fig. 5 shows that absorbance ratios of the Au–Ag–Au
double shell nanoparticles and gold nanospheres change slightly

Fig. 3. TEM images of Au–Ag–Au double shell nanoparticles (a, b) and gold nanosphere (c, d) in the absence (a, c) and presence (b, d) of methimazole.

Fig. 4. Influence of pH value on the Aλ1/Aλ2 of nanoparticles (a, b) and nanoparticle-
methimazole (a´, b´) system. The Aλ1/Aλ2 represents A650/A520 for gold nanosphere
(a and a′), and the A870/A602 for Au–Ag–Au double shell nanoparticles (b and b′).
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with increase of incubation time. However, the A870/A602 of
Au–Ag–Au double shell nanoparticles in the presence of methi-
mazole reaches a clear-cut plateau in 15 min at room temperature
and remains unchanged after 15 min. Therefore, 15 min was
selected in this method. As shown in Fig. 5, the reaction between
gold nanospheres and methimazole is rapid and gold nanospheres
can achieve the best coagulation in a short period of time. The
A650/A520 of the system reaches a maximum at 5 min and after
5 min the absorbance ratio decreases slightly. So, the incubation
time 5 min was selected in this assay.

3.4. Effect of coexisting substances

The coexisting substances with positive or negative charges
will have an effect on the LSPR intensity. When the concentration
of methimazole was 3�10�7 mol L�1, the effects of the foreign
substances including metal ions and protein were tested. The
experimental results are shown in Table1. It can be seen that most
of the foreign substances have little influence on the LSPR intensity
of this system and can be allowed at high concentration levels. At
the same time, selectivity of the Au–Ag–Au double shell nanopar-
ticles is higher selectivity than that of gold nanospheres.

3.5. The calibration curves

Under the optimum conditions, the calibration curves for deter-
mination of methimazole were constructed. The regression equations
are shown in Table 2. When the Au–Ag–Au double shell nanoparti-
cles are used, the absorbance ratios are directly proportional to
the methimazole concentrations in the range of 0.10–3.00�
10�7 mol L�1. The correlation coefficient is 0.998 and there is a good
linear relationship between the absorbance ratio of A870/A602 and
methimazole concentration. When the gold nanospheres were used,
there is a linear relationship between the absorbance ratio of A650/A520
and the concentration of methimazole in the range of 0.50–5.00�
10�7 mol L�1. The corresponding correlation coefficient is 0.997,
which indicates that there is a good linear relationship between the
absorbance ratios and methimazole concentration. It can be concluded
that compared with gold nanospheres, when Au–Ag–Au double shell
nanoparticles were used, the sensitivity for the determination of
methimazole was higher and the linear range was wider.

3.6. Analytical application

To evaluate the analytical applicability of the present method, the
method was applied for the determination of methimazole in com-
mercial tablets. The results are shown in Table 3. When the Au–Ag–Au
double shell nanoparticles were used, the recoveries of the analyte in
the two samples are 97.0% and 98.9%, and the RSDs are 2.82 and 2.35,
respectively. When the gold nanospheres were used, the recoveries
are 95.2% and 97.6%, and the RSDs are 3.39 and 2.83 respectively.
The recoveries obtained with the Au–Ag–Au double shell nanoparti-
cles are slightly higher than those obtained with the gold nanospheres.

3.7. SERS bands of methimazole

LSPR can be used for detecting surface binding or release of
molecules. However, this method is unable to identify the chemical
entity of the molecule that binds to the surface. SERS, on the other
hand, is capable of revealing molecular characteristics of the analyte.
In our preliminary studies, Au–Ag–Au double shell nanoparticles were
used as the substrate because Au–Ag–Au double shell nanoparticles
have a broad range of excitation wavelengths can be used for a SERS
experiment. Methimazole can bond to the second shell of gold surface
through charge-transfer (covalent bond).

Fig. 5. Effect of incubation time on the Aλ1/Aλ2 of nanoparticles (a and b) and
nanoparticle-methimazole (a′ and b′) system. The Aλ1/Aλ2 represents the A650/A520

for gold nanosphere (a and a′) and A870/A602 for Au–Ag–Au double shell nanopar-
ticles (b and b′).

Table 1
Influence of coexisting substances.

Substance Concentration
(10�6 mol L)

Shift of Aλ1/Aλ2(%)

Gold
nanosphere

Au–Ag–Au
double shell
nanoparticles

Kþ , Cl� 15 5.5 2.9
Ba2þ , Cl� 30 �2.4 0.3
Ca2þ , Cl� 25 �2.3 �0.9
Cu2þ , Cl� 25 6.1 4.5
Mg2þ , Cl� 25 �2.6 �2.6
Naþ , Cl� 15 �6.7 0.8
NH4

þ , Cl� 10 3.4 �3.1
Pb2þ , NO3

� 5 4.5 �4.1
Al3þ , NO3

� 10 4.5 �4.2
Cr3þ , NO3

� 3 6.1 �0.7
Glucose 8 7.0 3.5
L-Lysine 8 6.2 1.3
L-Serine 10 2.6 1.8
L-Proline 10 6.3 3.5
L-Cysteine 0.5 4.4 �1.1
Albumin 0.07 ug mL 4.8 0.7

Table 2
The calibration curves of methimazole.

Gold nanoparticles Linear range
(10�7mol L�1)

Regression equation a Correlation
coefficients (r)

Detection limits
(10�7mol L�1)

Au–Ag–Au double shell nanoparticles 0.10–3.00 y¼0.136xþ0.294 0.998 0.024
Gold nanospheres 0.50–5.00 y¼0.189xþ0.133 0.997 0.074

a x stands for the test concentration; y stands for absorbance ratio.
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On the basis of previous reports [34,35], Fig. 6 shows the
Raman spectra of methimazole in aqueous solution and SERS
spectra of methimazole adsorbed onto Au–Ag–Au double shell
nanoparticles. The difference of the spectra indicates that there is a
very strong interaction between methimazole and Au–Ag–Au
double shell nano-particles. There are many peaks in the SERS
spectra of methimazole. The major peaks in these spectra are
located at 428, 498, 610, 667, 918, 1085, 1139, 1285, 1355, 1456,
1520, and 1575 cm�1. All these peaks are characteristic of chemi-
sorbed methimazole molecules. A strong peak at 498 cm�1 is
attributed to N–C–S bending. Of these peaks, the peak observed
at 1456 correspond to C–S stretch, while the band at 1575 cm�1

corresponds to ring C–C stretch. The peaks at 1355 and 1285 cm�1

are contributed to the ring CN stretch with contributions from ring
bending and ring CH bending vibrations. The medium peaks at
428, 610, 918, 1085, 1139, 1285, and 1456 cm�1 are attributed to
the ring bending and breathing and ring CN stretching vibrations.
These preliminary SERS data reflect the presence of methimazole
on the Au–Ag–Au double shell nanoparticles. Because the present
method is a couple of two methods, the analyte is determined
quantitatively by LSPR and then qualitatively identified by SERS.

4. Conclusions

In this work, Au and Au–Ag–Au double shell nanoparticles were
synthesized by successive reduction of the metal salts. Methima-
zole can be quantitatively determined by LSPR and qualitatively
identified by SERS using Au–Ag–Au double shell nanoparticles and
gold nanospheres as probe. Under the optimized conditions,
the absorbance ratio of Au–Ag–Au double shell nanoparticles
increases almost linearly with the increase of the concentration
of methimazole in the range of 0.10–3.00�10�7 mol L�1. The

sensitivity obtained with Au–Ag–Au double shell nanoparticles is
higher than that obtained with the gold nanospheres. Some
real samples were analyzed and the results were satisfactory.
The present method has the advantages of high sensitivity and
low cost.
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Table 3
Analytical results of methimazole in real samples.

Sample Gold nanoparticles Added
(10�7mol L)

Found
(10�7mol L)

Recovery
(n¼3, %)

RSD
(n¼3, %)

Relative
error (%)

Table 1 Au–Ag–Au double shell nanoparticles 3.00 2.96 98.7 2.35 1.3
Gold nanosphere 2.00 1.95 97.5 2.83 2.5

Table 2 Au–Ag–Au double shell nanoparticles
Gold nanosphere

3.00 2.91 97.0 2.82 3.0

2.00 1.91 95.5 3.39 4.5

Fig. 6. Raman spectra of methimazole in aqueous solution (a) and SERS spectrum
of methimazole in the presence of Au–Ag–Au double shell nanoparticles (b).
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