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’ INTRODUCTION

Surface-enhanced Raman scattering (SERS) spectroscopy has
received a great deal of attention for its utility as a sensitive
technique for chemical and biomedical analysis.1�4 Theoreti-
cally, the enhancement effects have been attributed to two
models, “chemical mechanism (CM)” and “electromagnetic
mechanism (EM)”.5 The EM enhancement results from an
increased field at the metallic nanoparticle surface which is a
consequence of the interaction of the incoming laser radiation
with electrons in the metal surface or collective oscillations of the
metal electrons.6 Because localized surface plasmon resonance
(LSPR) has been considered to be the major contribution to
the EM enhancement,7 the engineering and fabrication of metal
colloids with the ability of sustaining strong LSPR effect con-
stitutes a hot research field in both nanoscience and SERS
studies.7�10

However, whether SERS can achieve a broader application
really depends on the SERS activity and the reproducibility of the
SERS active substrates.11 An ideal SERS substrate should
be uniform, reproducible, and clean while exhibit high SERS
activity. The electrostatically assisted APTES-functionalized
surface-assembly method is a very facile way to obtain uniform,
reproducible SERS substrate, but the main limit is that the
obtained substrates usually do not have strong enough SERS
enhancement. Gold nanostars, as one of the anisotropic struc-
tures, have been recently reported to yield extraordinary field
enhancements for SERS,12 especially at the tip of their branches.

It has been reported that gold nanostars show stronger SERS
enhancement than nanorods and nanospheres under similar
experimental conditions.6 Thus, the combination of these two
aspects may provide a solution to the fabrication of a low-cost,
large-scale, and reproducible SERS active substrate. The nanostar
arrays reported by Rodríguez-Lorenzo et al.13 could generate
a ∼1 � 1010 enhancement factor when using 1,5-naphtalene-
dithiol as analyte, but considering that the nanostar array was
assembled on a gold substrate, it is may not be cost-efficient;
Single nanostar on ITO surfaces with high enhancement effect
(total enhancement ∼1 � 107) were made by Hrelescu et al.,14

multilayer films were also mentioned in the report but little
information on reproducibility or scalability was provided.

This paper reports the assembly of gold nanostars as repro-
ducible SERS substrates via electrostatically assisted APTES-
functionalized surface-assembly method and studies the SERS
activities. We detailed the modification of the protocol reported
by Xie et al.15 and synthesized gold nanostars with controllable
branch lengths. Then, these nanostars were immobilized on ITO
surfaces by using electrostatically assisted APTES-functionalized
surface-assembly as SERS active substrates. A comparison of
these substrates’ optical characteristics and SERS efficiency as a
function of branch length was made, and the potential use of
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ABSTRACT: A SERS active gold nanostar layer on the surface
of ITO glass slip has been prepared by a low-cost electrostati-
cally assisted APTES-functionalized surface-assembly method
for SERS analysis. The two-dimensional morphology of the
SERS substrate was examined by scanning electron microscopy.
Comparative analysis revealed that the optical characteristics
and SERS efficiency of these substrates varied as a function of
nanostar morphology. It was found that the substrate assembled
with the longest branches of nanostars generated the best SERS
efficiency, whether the excitation source is 785 or 633 nm. The
potential use of these substrates in detection applications was also investigated by using Nile blue A and Rhodamine 6G. The
detection limits are 5 � 10�11 M and 1 � 10�9 M, respectively, when using the 785 nm excitation source. Apart from this high
enhancement effect, the substrate here also shows extremely good reproducibility at the same time. All of these indicate that gold
nanostars are a very good structure for SERS substrate assembly.
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these substrates in detection applications were also investigated.
There are two main advantages of our substrates: first, the
fabricating progress of this substrate is simple, low-cost, repro-
ducible, and equipment-independent, thus it is possible for large-
scale production, even for commercial manufacture; second, the
obtained substrates have extremely good uniformity, which is
preponderant in quantitative analysis.

’EXPERIMENTAL SECTION

Chemicals andReagents.Ultrapurewater fromMilli-Q (Millipore,
America, resistivity >18M) source was used throughout the experiments.
3-Aminopropyltriethoxysilane (APTES, 97%), from Sigma, was stored
at 4 �C. Chloroauric acid terahydrate (HAuCl4 3 4H2O), hydrochloric
acid (HCl), nitric acid (HNO3), and ethanol (C2H5OH) were all
purchased from Nanjing Sunshine Biotechnology Ltd., China. Nile blue
A (NBA) was purchased from Alfa Aesar. N-2-Hydroxyethylpiperazine-
N0-2-ethanesulfonic acid (HEPES) was purchased from Shanghai
Sangon Biological Engineering Technology & Services Co., Ltd., China.
Rhodamine 6G (R6G)was purchased from Sigma. All reagents were used
as received without further purification.
Synthesis of Gold Nanostars. Gold nanostars were synthesized

by the protocol presented by Xie et al.15 Briefly, aqueous stock solution
of HEPES with concentration of 100 mM was prepared with ultrapure
water, and pH was adjusted to 7.5( 0.5 at 25 �C by adding 1 M NaOH
solution. Two milliliters of 100 mM HEPES (pH 7.5) was mixed with
3 mL of deionized water, followed by the addition of 24.25 mMHAuCl4
solution volumes ranging from 40 to 115 μL, which yielded star branch
lengths of 20 down to 0 nm, respectively. Without shaking, the color of
each solution changed from light yellow to colorless and finally to
purple/blue for smaller stars, to green for large stars, within 20 min.

UV�vis�NIR extinction spectra of gold nanostar samples were
measured using a Shimadzu UV3150 UV�vis�NIR spectrophotometer.
A JEM2100EX transmission electron microscopy (TEM) was used to
image the morphology of gold nanostars at different conditions. TEM
samples were prepared by drying a drop of the respective solution of the
particles on carbon-coated copper grids.
Preparation of SERS-Active Substrates. The fabrication of

APTES-functionalized ITO glass was carried out according to the
literature procedures by our previous paper16 and the literature reported
by Enders et al.17 All ITO glass slips were washed with Aqua Regia (HCl:
HNO3 in a 3:1 ratio by volume) and rinsed with ultrapure water for at
least five times. The slips were further cleaned in ethanol with sonication
for three times and dried at 70 �C for 2 h in an air oven. The cleaned ITO
glass slips were vertically immersed in a 1% (v/v) ethanol solution of
APTES in anhydrous ethanol at 70 �C for 2 h, rinsed three times in
ethanol with sonication to remove silane excess, and dried for 2 h at
100 �C in an air oven.

Then, the silanized ITO glass slips were vertically dipped overnight
into the stirred colloidal suspension of gold nanostars for the purpose of
preparing Au nanostar layers. Also, blank ITO glass slips (that were not
functionalized) were vertically dipped overnight into the stirred colloidal
suspension of gold nanostars for the purpose of preparing control
groups. Finally, these substrates were all washed with ultrapure water
for three times and were dried for 30min at 30 �C. Suitable substrates for
SERS measurements were thus synthesized. A Zeiss ULTRA-plus
scanning electron microscope (SEM) was used to image the morphology
of Au nanostar layers at 15 kV.
SERS Measurements. For subsequent SERS experiments, two

analytes were used, including NBA and R6G. The active substrates
previously described were first vertically immersed in each analyte
aqueous solution for 4 h at 4 �C and then left to dry at room temperature
after rinsing several times with ultrapure water for SERS measurements.

All Raman spectra were recorded using a Renishaw Invia microscope
Raman spectrometer. The spectrometer consists of a Leica confocal
microscope, a grating of 1200 mm�1 and a Peltier cooled CCD detector.
Raman measurements were performed with an excitation line provided
by a He�Ne laser (633 or 785 nm wavelength) via a 50� long working
distance objective lens, of which the NA is 0.50. The laser powers
focused on samples are 1.2 mW for 785 nm and 0.176 mW for 633 nm
when the attenuation by the air between the samples and the objective
lens is not taken into account. It should be noted that the exposure times
(10 s) are the same for all the Raman spectra.

’RESULTS AND DISCUSSION

Controllable Synthesis of Gold Nanostars. The nanostars
with tunable LSPRwere prepared under the previous literature.15

In the previous literature, the authors developed a protocol using
HEPES to synthesis gold nanostars. They mentioned that an
increase in the HAuCl4 concentration led to the proliferation of
irregularly shaped and spherical gold nanoparticles in the products.
Base on the above information, we quantize the relationship
between the HAuCl4 concentration and the optical properties of
the products. The extinction spectra of the products are shown in
Figure 1A for a fixed time interval of 20 min. This time interval
was selected since extinction peak of gold nanostars reached an
almost saturation value after this period (see Figure 1s in the
Supporting Information). As shown in Figure 1Aa, the extinction
spectrum shows two LSPR peaks (522 and 704 nm). According
to the calculations by Hao et al.18,19 and Kumar et al.,12 these
bands of branched particles are attributed to dipole resonances,
localized at either the tips or the central core of the particles. The

Figure 1. (A) UV�vis�NIR spectra of gold nanostars formed by
reducing different concentrations of HAuCl4 ((a) 194, (b) 315.3, (c)
436.5, and (d) 557.8 μM) solutions with 0.04 M HEPES solution. The
calibration curve corresponding to the longitudinal plasmon resonance
wavelength of the resulting gold nanostars at different concentrations of
HAuCl4 (from 194 to 557.8μM) is shown as the insert. (B) TEM images
of star samples corresponding to the spectra in part A. All systems
include 5 mL of HEPES solution (0.04 M), 0.1 mL of NaOH (1M), and
HAuCl4 solutions (24.28 mM) from 40 to 115 μL. Spectra were
recorded after the mixture reacted for 20 min. The bar is 50 nm.
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locations of these bands are sensitive to the length and sharpness
of the branch.18 Therefore, heterogeneity in the number of the
branches should only have a minor effect on the spectrum. The
peak at 704 nm is mainly caused by the longitudinal plasmon
resonance which is proportional to the length of branches; and
the other peak at ca. 522 nm could mainly caused by the dipole
resonance, located at the branching points. Furthermore, when it
comes to the experimental extinction spectrum, plasmon hybridiza-
tion should be taken into account. The longitudinal plasmon
resonance of gold nanostars could be controlled by varying the
concentration of HAuCl4. As the concentration of HAuCl4
decreases, the longitudinal plasmon resonance peak red-shifts,
this can be attributed to the structurally increased branch-length
and TEM images in part B confirm this. In Figure 1B, the
nanostar branch-length decreases obviously from (a) to (d) with
the increasing of HAuCl4 concentration. Specially, the extinction
spectrum shows only one SPR peak (Figure 1A, spectrum d)
when the concentration of HAuCl4 solution is higher than
550μM, indicating the formation of gold nanospheres with bulges
instead of gold nanostars (Figure 1B, d). The calibration curve
corresponding to the longitudinal plasmon resonance wavelength
of the resulting gold nanostars at different concentrations of
HAuCl4 is presented as the insert in Figure 1A. As it shows, the
wavelength decreases linearly with HAuCl4 concentration, imply-
ing that the resonant wavelengths of gold nanostars are tunable.
Assembly of SERS Substrates. electrostatically assisted

APTES-functionalized surface-assembly method (Scheme 1)
was chosen for the fabrication of SERS substrates. The most
attractive advantage of electrostatically assisted APTES-functio-
nalized surface-assembly method is that a substrate with a very
homogeneous SERS signal and large area (up to several square
centimeters) can be fabricated in a normal laboratory without
complicated equipment. This is preponderant in commercial
manufacture. In order to form a uniform substrate, capping
agents are usually requisite to prevent the aggregation of
nanoparticles during the synthesis process. Stirring was involved
during the star-assembly step in order to further increasing the
homogeneousness of the obtained substrates. Samples a�d
(ordered in Figure 1B) were all assembled on the ITO surfaces,
which were called substrates a�d, respectively, in the following
discussion, for studying the influence of the SERS efficiency
across nanostar morphology.

The corresponding extinction spectra and digital photographs
of substrates a to d were ordered in Figure 2A and SEM images of
substrates a�d were also ordered in Figure 2B. Compared with
the spectra of the solutions, the spectra obtained on ITO surfaces
were somewhat broader. Moreover, the longitudinal SPR peaks
of the substrates all red shift about 50 nm. The reason might be
the changes of interparticle distance when adsorbed on ITO
surfaces: the gold nanostars are aggregated when adsorbed on
ITO surfaces (Figure 2B). The aggregation is possibly ascribed to
the high concentration of gold nanostars in solution before self-
assembly and the polarization of gold nanostars aroused by the
positive charged amino group of APTES.16,26,27

To clearly demonstrate the advantages of the APTES-func-
tionalized fabrication technique, we also made SERS substrates
using the same fabrication process with blank ITO glass slips.
Their SERS signal strengths and uniformity were compared with
the APTES-functionalized ones. As shown in Figure 3A, the
SERS signal strength of functionalized substrate is about 10-fold
higher than the blank substrate. Panels B and C in Figure 3 show
the uniformity test performed on the functionalized and blank
substrates. Nine random points, separated by millimeter distances,
were measured. Briefly, the SERS spectra are characterized by
ring stretching (1492, 1440, 1387, 1351, and 1325 cm�1), CH
bending (1202, 1185 cm�1), and the in-plane CCC and NCC
(673 cm�1), CCC and CNC (595 cm�1), and CCC (499 cm�1)
deformations.20 In Figure 3B, as can be observed, extremely good
reproducibility is achieved in the characteristic peaks of NBA at
499, 595, 673, 1185, and 1440 cm�1. The peak height at
595 cm�1 was treated statistically for each spectrum. The results
show a mean value of the peak height of 33389 ( 651 counts,
which is equivalent to a 2% standard deviation. In part C, the
standard deviation of peak height at 595 cm�1 is 54%,which ismuch
worse than the functionalized substrate. In conclusion, our fabri-
cation step using APTES functionalization greatly improves the
uniformity as well as the SERS intensity of the fabricated substrates.

Scheme 1. Fabrication of SERS Active Substrate with Gold
Nanostars Using Electrostatically Assisted APTES-Functio-
nalized Surface-Assembly Method

Figure 2. (A) UV�vis�NIR spectra, (A inset) photographs, and (B)
SEM images of substrates a�d assembled with nanostar samples a�d.
The bar is 200 nm.
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Influence of Nanostar Morphology. In this part, the SERS
efficiency of four substrates prepared above were investigated
and compared in order to study the morphological influence of
nanostar (branch-length). For the SERS measurement here, the
laser spot covers arrange of several micrometers containing
several hundred nanostars and the resulting signal is a summation
of the signals from analytes that absorbed on these nanostars, so a
fair comparison between substrates a to d is achievable only if the
number of sampled analyte molecules adsorbed on substrates is
kept constant between the particle shapes. NBA with positive
charge was used as the sampled analyte in the following SERS
measurements. The nanostars are synthesized with a coating of
HEPES, which presents negative charges, bringing the positive
charged NBA within close proximity of the enhanced E-fields.
Thus, the number of analytes is determined by the total gold
surface areas on the substrate covered by the laser spot.
To estimate total gold surface areas on each subatrate, we

proposed a 3D nanostar model referred to by Khoury et al.21 in
Figure 2s in the Supporting Information, where a nanostar is
interpreted as a spherical core of diameter D, from which
originates a number, N, of round-end cone “branches”. The core
is measured as the central sphere on top of which protrusions are
formed. A branch is defined as any well-formed protrusion that is
longer than 2 nm for modeling purposes. Otherwise, the protru-
sion is defined as surface roughness only. The branch is governed
by the parameters of branch baseDa, branch length L, and branch
tip Db. The model’s dimensions for samples a to d are estimated
in Table 1. These were calculated by analyzing hundreds of
particles in more than one TEM and SEM images. Table 1s in the
Supporting Information enabled the estimation of average gold
surface areas of 2.39, 2.09, 1.87, and 1.52� 103 nm2 for a generic
nanostar in samples a to d, respectively. Furthermore, the total
numbers of nanostars in 1 � 106 nm2 calculated in SEM images
are 323, 369, 416, and 521 in substrates a to d, respectively. So the
total gold surface areas of substrates a to d under the 20.0 μm�
5.0 μm laser spot are about 7.72, 7.71, 7.78, and 7.92 � 107 nm2

respectively. Distinctly, the total gold surface areas of four
substrates are almost equal.
It is also noteworthy that the decreasing overlap of the leading

edge of the longitudinal plasmon band and the 785 nm excitation
source, as star branch length decreases, would hypothetically also
be accompanied by an observable decrease in intensity. In order
to find out that whether it plays the major role in influencing

SERS intensity, a 633 nm excitation source was also used,
the overlap of the leading edge of which and the longitudinal
plasmon band increases as star branch length decreases.
The SERS efficiencies of four substrates were investigated, and

their spectra are displayed in Figure 4 (substrates a�d corres-
pond to spectra a�d). The intensity at 595 cm�1 Raman band
was selected as the comparative analysis signal. It is obvious that
the substrate with the longest branch-length exhibits the most
intense SERS signal, whether the excitation source is 785 or
633 nm. This is different from the results on nanostars in
solution.21 Considering that the four substrates have almost
the same gold surface areas and other experiment conditions
(such as excitation source and the laser power) were controlled
to be the same as well, it could be concluded that the nanostar
branch length here is the primary reason that effect the substrate’
SERS intensity. Herein, substrate a is themost active substrate for
SERS, especially under the 785 nm excitation source. As a result,
substrate a was used for the following SERS measurements as the
785 nm excitation source was chosen for further studies.
SERS Measurements. On the basis of the above studies,

substrate a was used for the following SERS measurements. In
this part, two organic molecules, NBA and R6G, were used to
testify the SERS activities of the substrates. The latter mole-
cule, R6G, is often employed in SERS studies because of its
large Raman cross-section, and was used herein in order to
compare the enhancement of our substrate with others in earlier
publications.22�24

Figure 5A shows the obtained SERS spectra when NBA
solutions with different concentrations (5 � 10�11 M up to 5 �
10�9 M) were tested. Five �10�12 M NBA did not show any
characteristic peaks, and thus the 5 � 10�11 M concentration is
taken as the limit of detection for the NBAmolecule. Spectra d in

Figure 3. (A) Comparison of SERS signal strengths with the blank substrate and APTES-functionalize substrate. Both substrates were immersed in a
NBA solution with the concentration of 1� 10�7 M. (B, C) Raw data for uniformity tests of the (B) functionalized substrate and (C) blank substrate.
Nine random points, separated by millimeter distances, were measured. All SERS spectra were measured under the 785 nm excitation source. The laser
power is focused on samples is 1.2 mW. The exposure time was 10 s. The NBA structure is shown as the inset in part A.

Table 1. Average Nanostar Dimensions Estimated by Mea-
suring 100 Particles Imaged under TEM and SEMa

star sample D (nm) L (nm) Da (nm) Db (nm) N

a 21( 2 20( 3 12( 1 6( 1 4( 2

b 22 ( 2 13( 2 13( 1

c 22( 2 7( 2 12( 1

d 22( 2
a Samples a�d correspond to images a�d in Figure 1B.
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Figure 5A is the Raman spectra of a 2 � 10�3 M NBA solution
obtained when using the ITO glass acting as a non-SERS
substrate. This high concentration was necessary in order to be
able to directly compare the SERS-active substrate with a non-
SERS substrate because the ITO glass surface did not show any
Raman signal when the NBA concentration was lower than 2 �
10�3 M. By direct comparison of spectra a and d, it is possible to
demonstrate the large enhancement due to the gold nanostar
substrate.
Because the surface enhancement factor (EF) is found to have

many definitions in other literatures.25,11 In this paper, it is
calculated by using the analytical chemistry point of view through
the analytical EF (AEF) defined as25

AEF ¼ ðISERS=CSERSÞ=ðIRS=CRSÞ

where ISERS corresponds to the Raman intensity obtained for the
SERS substrate under a certain concentration CSERS and IRS
corresponds to the Raman intensity obtained under non-SERS
conditions at an analyte concentration of CRS. The experimental
conditions, such as the laser wavelength, laser power, microscope
objective or lenses, spectrometer, and measuring conditions on
the substrate, are taken into account and are identical in all cases.
According to this established definition, the AEF of the

substrate was estimated by considering the 595 cm�1 Raman
band, because it is the strongest peak of all bands in the spectra.
When using CSERS = 5 � 10�10 M and CRS = 2 � 10�3 M and
the intensities obtained from Figure 5A, we can obtain a value of

AEF = 5� 106. It should be noted that the AEF is different when
different Raman band or CSERS are chosen for estimation. But
those AEFs are the same order of magnitude (see Table 1S in the
Supporting Information). Furthermore, the AEF increases with
the increases of branch length generally (see Table 2S in the
Supporting Information).
Figure 5B shows the spectra obtained when the substrate a was

immersed in R6G solutions of different concentrations, following
the same procedure from low to high concentration as that in the
NBAmeasurements. In this case, a concentration of 1� 10�9 M
was able to be detected, as shown in spectrum c of Figure 5B.
This detection limit is 10-fold higher than the self-assembled
monolayer of silver nanocrystals superlattice reported by Qiu
et al.22 Compared to their hydrothermal method, our fabricating
strategy is at room temperature and more convenient. Further
comparisons show that the detection limit of our substrate is
equal to the Au-coated ZnO nanorod array on Si (100) substrate
made by Sakano et al.23 and lower than the gold flowerlike
nanoarchitectures on indium tin oxide coated glass substrate
made by Duan et al.24 More details for their SERS measurement
conditions are provided as Supporting Information.
Spectra d in Figure 5B is the Raman spectra of a 1 � 10�3 M

R6G solution obtained when using the ITO glass acting as a non-
SERS substrate. It is clearly shown that the signal intensity for the
1362 cm�1 peak is extremely weak when compared to the ones
using the nanostar substrate with much lower concentrations.
When using this concentration as CRS and a concentration of
1 � 10�8 M as CSERS and using the obtained intensities shown
in Figure 5B, it is possible to establish a value of AEF = 2 � 105

when using R6G as the analyte. Compared to the AEF value
obtained on NBA, the AEF of R6G is smaller. It can be pointed
out that the amount of molecules present on the R6G SERS is
smaller because of the different molecular size. Additionally,

Figure 4. SERS spectra of NBA at a concentration of 5 � 10�8 M for
substrates a to d under different laser wavelength: (A) 785 nm and (B)
633 nm. Laser power of 785 and 633 nm is 1.2 and 0.176 mW,
respectively. Seven random points, separated by millimeter distances
in one substrate, were measured. Each SERS spectrum was the result of
averaging those 7 scans. The exposure time was 10 s.

Figure 5. Raman spectra obtained using the NBA and R6G molecule.
(A) Spectra measured while substrate a was immersed in a solution
with NBA concentrations of (a) 5� 10�9 M, (b) 5� 10�10 M, and (c)
5 � 10�11 M; (d) the spectrum measured while a non-SERS substrate
was immersed in a solution with NBA concentration of 2� 10�3 M. (B)
Spectra measured while substrate a was immersed in a solution with R6G
concentrations of (a) 1� 10�7M, (b) 1� 10�8M, and (c) 1� 10�9M;
the spectrum measured while a non-SERS substrate was immersed in a
solution with R6G concentration of (d) 1� 10�3 M. The R6G structure
is shown as the inset in part B. Seven random points, separated by
millimeter distances in one substrate, were measured. Each SERS
spectrum was the result of averaging those 7 scans. The wavelength of
the excitation source is 785 nm and the exposure time was 10 s.
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there may be difference in the chemical enhancement between
the two molecules. However, as the interactions between the two
analytes and the nanostar substrates are very similar, we believe
that this decrease in the number of molecules can be the main
reason for the lower SERS signal observed with R6G.
In addition to the uniformity of the substrate tested in

Figure 3B, the reproducibility between substrates was also tested.
Six substrates, made at different time, were measured and shown
in Figure 6A. The deviation of peak height at 595 cm�1 is 7.3%.
The reproducibility of these data is worse than that in Figure 3B.
Besides the good reproducibility, our substrates display quite
stable SERS enhancements (Figure 6C). After 90 days (store at
4 �C), the SERS enhancements are reduced by only 50% relative
to measurements performed on freshly prepared array substrates.

’CONCLUSIONS

In conclusion, a low-cost SERS active substrate with very good
reproducibility has been prepared by electrostatically assisted
APTES-functionalized surface-assembly of gold nanostars with
controllable morphology. The SERS efficiency of substrates
assembled by gold nanostars with different branch-lengths were
investigated and compared. It found that substrate assembled by
the nanostars with the longest branches generated the biggest
enhancement when other experimental conditions (such as the
laser frequency and power) were controlled to be the same.
Simplicity in the production of the gold nanostar films compared
to expensive lithographic methodologies combined with the
excellent reproducibility and high Raman EFs provide an excep-
tionally cost-effective substrate for SERS analysis. Two different
target molecules were examined to determine the SERS activity
of the presented substrate. A concentration of 5 � 10�11 M was
detectable for NBA, and R6Gwith a concentration of 1� 10�9 M
was clearly detected. Final AEFs can be estimated as 5� 106 for
NBA and 2 � 105 for R6G.
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