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Abstract A type of novel nanocomposite was successfully
synthesized by embedding glutathione capped CdTe/ZnS
QDs into sodium alginate biopolymer. The prepared nano-
composite was characterized using transmission electron mi-
croscopy (TEM), thermogravimetric analysis (TGA), and
Fourier transform infrared (FT-IR), fluorescence, and UV—
vis spectroscopy. When the obtained nanocomposite
interacted with amantadine, its fluorescence intensity was ef-
fectively quenched. Under the optimized conditions, the as-
prepared nanocomposite provided an efficient platform for
detection of amantadine drug within a linear range of 3.1—
27.9 x 10"° mol/L with a detection limit of 0.09 x 10”¢ mol/
L. Because of the satisfactory results for amantadine determi-
nation in real samples, it is confirmed that the synthesized
nanocomposite is attractive and reliable for use in biological
detection and related fields.

Keywords Nanocomposite - Amantadine determination -
Polysaccharide

Introduction

In recent years, fluorescent nanosensors have attracted great

attention in a diverse range of biological applications such as
cell labeling, genomic detection, and optical sensors [1-3].
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Many of the fluorescent nanosensors were made based on
fluorescence quenching (as signal output) of the fluorophore
in the presence of the analyte, and it was restored upon bind-
ing with the target analyte that competes with the fluorescent
nanosensors [4, 5]. Compared with other techniques, these
nanosensors offered advantages such as their ease and speed
of use and their sensitivities [2, 3]. They could be made using
nanomaterials such as nanoparticles, multiwalled carbon
nanotubes, carbon nanofibers, polyaniline nanofibers,
graphene nanosheets, and their nanocomposites [6—14].

Nanocomposites consist of a bulk matrix with nano-
dimensional material dispersed in bulk matrix [13].
These may have different properties due to markedly dif-
ferent structure and chemistry of the nanocomposite from
that of the component materials [14]. Quantum dots
(QDs) can be dispersed in polymers to make nanocom-
posites, and they doubtless present a scientific revolution
for the twenty-first century [15].

QDs, with sizes in the range 2—10 nm, possess some
unique optical properties, including high-emission quantum
yields, broad absorption peaks, narrow and symmetric
emission peaks, and good chemical and optical stabilities
[16-20]. These properties are strongly dependent on the
radiative and non-radiative processes of excited QDs, which
are sensitive to the nature of surface states and the chemical/
physical environment [17, 19]. Hence, much progress in
controlled synthesis of high quality QDs, as well as the
effective surface modifications, are used to fabricate de-
vices with excellent optical characteristics and desired sur-
face binding sites [15, 17, 19]. Morphologically, the trap
sites on the surface of QDs dramatically decrease their fluo-
rescence quantum yields. However, these trap sites can be
eliminated after modification of QDs with functional groups
and subsequently enhance the optical properties of the QDs
[13, 15, 19]. Therefore, capping reagents play an important
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role in highly fluorescent QDs. Some researchers used glu-
tathione (GSH) as a capping agent for synthesis of CdTe
QDs with high photoluminescence quantum yield in the
aqueous phase [21, 22]. GSH, a naturally occurring and
readily available tripeptide, was an important water-phase
antioxidant and essential cofactor for antioxidant enzymes
[23]. Because GSH has many functional groups (e.g. thiols,
carboxyl, and amino groups), GSH-capped CdTe QDs show
improved water-stability and biological compatibility than
other water-soluble QDs [23, 24]. However, the fluores-
cence intensities of the GSH-stabilized CdTe QDs are weak
due to their dissociation by irradiation of excitation light
[25, 26]. To overcome this disadvantage, much interest in
synthesized CdTe QDs focuses on aqueous CdTe/ZnS QDs
with core—shell structure [27, 28]. The growth of inorganic
ZnS shell on the surface of CdTe core QDs enhanced fluo-
rescence intensity of QDs and evidently suppressed the tox-
icity of the QDs themselves in biological environments
[29]. Based on the above, the GSH-stabilized CdTe/ZnS
QDs have been successfully synthesized by some aqueous
methods [30, 31]. Nonetheless, there are still some concerns
with how to prepare GSH-stabilized CdTe/ZnS QDs with
high satiability, sensitivity, and selectivity analysis.
Previously, we demonstrated a strong fluorescence activa-
tion effect and stability after incorporating QDs into
multidentate biocompatible polysaccharides [32-36].
Herein, we used sodium alginate (SA) biopolymer and
GSH-stabilized CdTe/ZnS QDs (GSH-CdTe/ZnS QDs) for
preparation of a nanocomposite, which has not previously
been reported. SA is a polyelectrolyte biopolymer and biode-
gradable block copolymer [37]. It is extracted from brown
seaweeds with an anionic copolymer consisting of 1—4 linked
«-L-guluronic (G) and 3-D-mannuronic (M) acid residue
[38]. It has many functional groups on its chains for electro-
static interaction and coordination sites [37, 38]. As illustrated
in Scheme 1, this natural polysaccharide has many functional
groups on its chains for electrostatic interaction and
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Scheme 1 Schematic illustration for preparation of SA/QDs nanocomposite
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coordination sites of QDs. The obtained nanocomposite was
characterized using transmission electron microscopy (TEM),
thermogravimetric analysis (TGA), and Fourier transform in-
frared (FT-IR), fluorescence, and UV—vis spectroscopy. In
addition, we also investigated the interactions between the
as-prepared nanocomposite and amantadine at different con-
ditions. As a result, the fluorescence quenching of synthesized
nanocomposite occurred at 576 nm in the presence of aman-
tadine. The mechanism of the proposed reaction was also
investigated. We also used the synthesized nanocomposite to
determination of amantadine in its commercial samples.
According to the properties of the interactions, we suggest that
obtained nanocomposite could be used as a convenient, sen-
sitive, and selective fluorescent nanosensor for amantadine
detection.

Experimental
Chemicals

Analytical grade chemicals without further purification were
used during our work. Sodium alginate (SA), thioglycolic
acid, cadmium chloride (CdCl,. 5H,0), tellurium powder
(Te), sodium borohydride (NaBH,), and amantadine were ob-
tained from Sigma Aldrich. In addition, Tris (hydroxymethyl)
aminomethane (Tris) and glutathione (GSH) were purchased
from Acros Organics. Double distilled water was used for
preparing solutions.

Apparatus

FT-IR spectra were obtained in a Jasco 4200 FT-IR spec-
trophotometer. Transmission electron microscopy (TEM)
images of the QDs were taken using a Zeiss TEM at an
acceleration voltage of 80 kV. Thermogravimetric analysis
(TGA) was performed on a TA instrument 2050
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Fig. 1 (a) and (b) fluorescence and absorption spectra of the SA/QDs
nanocomposite prepared with different concentration of SA (0, 0.05, 0.1,
0.15, and 0.3 g/mL), (c) effect of SA:GSH-CdTe/ZnS QDs ratio on the
fluorescence intensity of the SA/QDs nanocomposite, (d) effect of

thermogravimetric (TG) analyzer under N, atmosphere
(25 mL/min) at a scan rate of 20 °C/min. The absorbent
and fluorescent investigations were carried out using

reaction temperature on the fluorescence intensity of the SA/QDs
nanocomposite, and (e) effect of aging on the fluorescence properties of
the SA/QDs nanocomposite and GSH-CdTe/ZnS QDs

Shimadzu UV-visible 1650 PC spectrophotometer and
SCINCO’s Fluorescence Spectrometer FluoroMate FS-2,
respectively.
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Synthesis of GSH-CdTe/ZnS QDs

GSH-CdTe/ZnS QDs preparation was performed as de-
scribed in the literature with some modifications [30, 31].
This method had three steps. In the first step, colorless
solution of NaHTe was prepared. A 0.025 g sample of Te
powder was dissolved in 0.025 g of NaBH, in a flask con-
taining 2.5 mL of water and kept under vigorous stirring
and argon bubbling for 2 h. In the second step, an aqueous
solution of NaHTe, CdCl,. 5H,O, and thioglycolic acid
with molar ratio fixed at 1:0.5:2.4 was prepared. By using
concentrated NaOH solution, the pH was adjusted to 8-9
and the resulting solution was refluxed at 100 °C for 1 h
under argon to form thioglycolic acid-CdTe QDs. In the
third step, 0.0136 g ZnCl, and 0.1229 g GSH were dis-
solved in 1 mL water while the pH of solution was adjusted
to 8. This solution was added to the as-prepared
thioglycolic acid-CdTe QDs solution and refluxed for an-
other 2 h.

Synthesis of SA/QDs nanocomposite

The synthetic process of the SA/QDs nanocomposite is shown
in Scheme 1. At first, in order to optimize the concentrations
of SA, different concentrations of SA (0.05, 0.1, 0.15, and
0.3 g/mL) were dissolved in 25 mL of double distilled water
and stirred to make a homogeneous solution. After 30 min,
5 mL of the obtained GSH-CdTe/ZnS QDs was added to a
round bottom flask containing prepared SA solution. The so-
lution was mixed at room temperature for 1 h.

To optimize the ratio of SA:GSH-CdTe/ZnS QDs, 0.1 g/
mL of SA was dissolved in 25 mL of double distilled water
and stirred for 30 min. Then to make a 1:1 ratio of SA:GSH-
CdTe/ZnS QDs, 5 mL of GSH-CdTe/ZnS QDs was mixed
with 5 mL of SA solution. To make a 2:1 ratio of SA:GSH-
CdTe/ZnS QDs, 5 mL of GSH-CdTe/ZnS QDs was mixed
with 10 mL of SA solution. The same method was used for
preparation of different ratios of SA:GSH-CdTe/ZnS QDs.
After that the solution was mixed at room temperature for 1 h.

To optimize the temperature, 0.1 g/ mL of SA was dis-
solved in 25 mL of double distilled water and stirred for
30 min. Then, 5 mL of obtained GSH-CdTe/ZnS QDs was
added to a round bottom flask containing prepared SA solu-
tion. The solution was mixed at different temperatures (25, 35,
50, 75, and 100 °C) for 1 h.

Analytical procedure

Amantadine stock solution (0.63 mmol/L) was prepared with
Tris—HCl buffer solution (0.10 mol/L, pH 7.40). Two milliliters
of solution with an appropriate amount of amantadine, SA/QDs
nanocomposite solution, and Tris—HCI solution were prepared
and mixed thoroughly by gentle shaking. Five minutes later,
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the fluorescence spectra were recorded in the 490-800 nm emis-
sion wavelength range with the excitation of 475 nm.

Results and discussions
Optimization of the SA/QDs nanocomposite reaction

The fluorescence spectra of the SA/QDs nanocomposite were
prepared with different concentrations of SA. As can be seen
from Fig. la, the fluorescence intensity of the SA/QDs nano-
composite was increased gradually with the increasing con-
centration of SA from 0 to 0.1 g/mL, which may be attributed
to the passivation of QDs via hydroxyl and carboxyl function-
al groups of SA polysaccharide [35]. This passivation can be
confirmed by comparing FT-IR spectra of the SA/QDs nano-
composite with FT-IR spectra of SA biopolymer as described
next. However, further passivation of the QDs surface by
these groups occur as the SA concentration increases.
Therefore, the fluorescence intensity of the SA/QDs nano-
composite decrease due to the decrease in surface trap sites,
increase in the intensity of bandgap emission, and decrease in
surface trap emission. A further increase of the SA concentra-
tion (from 0.1 to 0.3 g/mL) caused an obvious decrease of the
fluorescence intensity because the effective movement of the
QDs was hindered by the increase in viscosity of the medium
[34]. In addition, fluorescence spectra of all samples had a
symmetric and narrow FWHM, which proved that the QDs
were nearly monodisperse and homogeneous in the SA/QDs
nanocomposite. Nevertheless, the fluorescence peaks of sam-
ples were clearly shifted. It was assumed that the shifting of
fluorescence peaks at a lower value may be due to the pres-
ence of ligand exchange processes in the interaction between
SA and QDs. Therefore, the SA biopolymers were replaced
with GSH ligands and made an etching of the surface of the
QDs. To explore further, the absorption spectra of all afore-
mentioned samples were investigated (Fig. 1b). It was ob-
served that the all samples showed strong excitonic absorp-
tions at different wavelength. The phenomenon might be at-
tributed to obtain smaller/larger particles of QDs in reaction
[31]. The average sizes of SA/QDs nanocomposite were esti-
mated by the following equation that was developed for
predicting CdTe QD core diameters based on their absorbance
properties [39]:

D= (9.8127 x 1077) x A’~(1.7147 x 107) x \?
+ (1.0064) x A-194.84

In the above equation, D is the theoretical diameter of the
CdTe QD core and A is the measured excitonic peak wave-
length. Herein, A was obtained by the excitonic peak
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wavelength of Fig. 1b for each sample. The calculated particle
sizes of the CdTe QD core were about 3.43, 3.44, 3.47, 3.50,
and 3.51 when SA concentrations were 0, 0.05, 0.1, 0.15, and
0.3 g/mL, respectively. It was sure that the size of the SA/QDs
nanocomposite was greater than the CdTe QD core as indicat-
ed in the TEM images. Because the highest fluorescence in-
tensity was found for the SA/QDs nanocomposite with 0.1 g/
mL of SA, the optimum amount of SA for the system was
chosen to be about 0.1 g/mL.

To determine the ratio of SA and GSH-CdTe/ZnS QDs, the
amount of GSH-CdTe/ZnS QDs was kept constant while the
amount of SA was varied. As shown in Fig. 1c, with increas-
ing ratio of SA:GSH-CdTe/ZnS QDs, the fluorescence inten-
sity was increased until the ratio reached to 3:1. When over
that ratio, the fluorescence intensity decreased gradually.
Therefore, the best enhancing effect would be obtained when
the ratio of SA:GSH-CdTe/ZnS QDs was about 3:1.

Fig. 1d shows the fluorescence intensity of the SA/QDs
nanocomposite by changing the reaction temperature during
synthesis. The fluorescence intensity clearly decreased when
the reaction temperature increased from 25 °C to 100 °C.
Similar results were reported that high temperature contribut-
ed to decomposition of the polymeric shell of QDs and thus a
change in fluorescence intensity of dots [32].

The effect of aging on the fluorescence properties of the
SA/QDs nanocomposite was also measured (Fig. 1e). The
results showed that the fluorescence intensity of the SA/QDs
nanocomposite did not change compared with GSH-CdTe/
ZnS QDs. Therefore, the SA/QDs nanocomposite had good
long-term stability, suggesting a role as a probe in biological
systems imaging [5].

The optimization results showed that the high fluorescence
intensity of the SA/QDs nanocomposite was obtained when
the concentration of SA in solution was 0.1 g/mL, ratio of
SA:GSH-CdTe/ZnS QDs was 5:1, and temperature of reaction
was 25 °C. Therefore, we used this nanocomposite for further
investigation throughout this manuscript.

Structure and composition characterization

FT-IR spectroscopy was employed to study the surface func-
tional groups of SA/QDs nanocomposite. FT-IR spectra of
SA, GSH-CdTe/ZnS QDs, and the SA/QDs nanocomposite
are presented in Fig. 2a. In the FT-IR spectra of SA, absorption
peaks of -OH and C = O groups at 3390 and 1614 cm ™" were
observed, respectively. In the FT-IR spectra of GSH-CdTe/
ZnS QDs, absorption peaks of -OH, C = O, and CdTe/ZnS
groups at 3452, 1634, and 618 cm ™' were detected, respec-
tively. In the FT-IR spectra of the SA/QDs nanocomposite, the
all characteristic absorption peaks of SA and GSH-CdTe/ZnS
QDs were found. However, the stretching vibration of the
carbonyl (1634 cm ') and hydroxyl (3452 cm™") groups of
SA was shifted to lower wavelengths (1603 cm ' for carbonyl

and 3387 for hydroxyl) in the FT-IR spectrum of the SA/QDs
nanocomposite. These differences indicate the chelating for-
mation of SA biopolymer functional groups on the surface of
GSH-CdTe/ZnS QDs. To investigate further, the FT-IR spec-
trum of the SA/QDs nanocomposite was compared with the
FT-IR spectrum of GSH-CdTe/ZnS QDs. As can be seen from
Fig. 2a, there are obvious differences among these spectra due
to the formation of a polymeric shell around QDs.

Thermal stability of SA and SA/QDs nanocomposite were
studied by TGA in the range 35-600 °C at a heating rate of
20 °C/min (Fig. 2b). Three successive weight loss steps were
detected in both samples. The first gradual weight loss step
was around 100 °C attributable to the removal of water mol-
ecules, signified as OH vibrations in FT-IR analysis. The sec-
ond weight loss step was observed at around 235 °C for SA
and 225 °C for the SA/QDs nanocomposite due to the degra-
dation of the polymer chains. The third weight loss step oc-
curred at around 345 °C for SA and 295 °C for the SA/QDs
nanocomposite and was related to elimination of CO and CO,
from samples. TGA profiles showed that the weight loss per-
centage of the SA/QDs nanocomposite at 600 °C is higher
than that of pure SA. This was due to the additional GSH-
CdTe/ZnS QDs in the SA biopolymer. According to DTA
results, endothermic reactions cause the decomposition of
the samples at these temperatures. The highest exothermic
reaction was occurred at 258 °C for SA and 251 °C for SA/
QDs nanocomposite.

Fig. 2c shows the typical TEM images of GSH-CdTe/ZnS
QDs and SA/QDs nanocomposite. It can be seen that GSH-
CdTe/ZnS QDs were dispersed into the SA biopolymer, and
the density of QDs was not very high. The diameters of GSH-
CdTe/ZnS QDs and SA/QDs nanocomposite were in the range
of several nanometers (<7 nm) for both samples.

Fluorescence response of SA/QDs nanocomposite towards
amantadine

Under the experimental conditions, the fluorescence spectra of
the SA/QDs nanocomposite were investigated in the absence
and presence of amantadine (Fig. 3). It was observed that a
progressive decrease in the fluorescence intensity of the SA/
QDs nanocomposite was caused by different concentrations
of amantadine. The results proved that the quenching effect of
the amantadine was concentration dependent.

Optimum reaction conditions between SA/QDs
nanocomposite and amantadine

The influence of acidity on fluorescence intensity of the SA/
QDs nanocomposite—amantadine solution was investigated
(Fig. 4a). The results revealed that the maximum value of
fluorescence intensity was obtained when the pH was 7.4.
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Fig. 2 (a) FT-IR spectra of SA, GSH-CdTe/ZnS QDs, and SA/QDs nanocomposite, (b) thermal stability of SA and SA/QDs nanocomposite, and (c)

TEM images of GSH-CdTe/ZnS QDs and SA-GSH-CdTe/ZnS

As aresult, pH 7.4 was chosen to be the optimal reaction pH in
this experiment.

The effect of QDs concentration on the fluorescence inten-
sity of the SA/QDs nanocomposite—amantadine solution was
studied (Fig. 4b). The experiment results indicated that the
SA/QDs nanocomposite concentration strongly influenced
the fluorescence intensity of the SA/QDs nanocomposite—
amantadine solution, and the optimum amount of SA/QDs
nanocomposite was about 3.53 x 10”¢ mol/L.

Fig. 4c shows the effect of incubation time on fluorescence
intensity of the SA/QDs nanocomposite—amantadine solution.
The results showed that a rapid decrease in fluorescence in-
tensity of QDs occurred after addition of amantadine. The
reaction was completed within 10 min at room temperature
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and stable for over 110 min. Thus, a time scale of 10 min was
selected as the detection time throughout this research.

Possible interaction mechanism

Fluorescence quenching can result from variety of molecular
interactions including molecular rearrangements, fluorescence
resonance energy transfer effect (FRET), electron transfer (ET),
excited state reactions, complex formation, and collisional
quenching [40, 41]. However, quenching mechanisms of fluo-
rescence emission from QDs by non-fluorophore materials
(such as amantadine) are usually divided into two categories,
static quenching and dynamic quenching [23]. Static quenching
results from the formation of a complex in the ground state, the
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same as before excitation occurs. The formed complex is non-
fluorescent and has a unique absorption spectrum. Unlike static
quenching, dynamic quenching occurs when the fluorophore
return to the returns to the ground state without ant photochem-
ical reactions. In order to distinguish dynamic or static
quenching of QDs in the presence of amantadine, the Stern—
Volmer equation was used as follows [25, 26]:

Fo/F =1+ Ksv[Q]

where F( and F are the fluorescence intensity in the absence
and presence of amantadine quencher, respectively. [Q] is the
molar concentration of the amantadine quencher, and Kgy is
the Stern—Volmer constant. As shown in Fig. 5, there was a
good linear relationship between the quenching effect of the
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Fig. 5 Stern—Volmer plots for the optimized SA/QDs nanocomposite—
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amantadine and the amantadine concentration over the con-
centration range of 3.1-27.9 x 10® mol/L. Table in Fig. 5
listed the various values of Kgy at the 25, 30, 35, and 40 °C
temperatures. As could be seen, the values of Kgy increased
with the increasing temperature which indicates that the fluo-
rescence quenching processes of QDs by amantadine was dy-
namic quenching processes. This was caused by faster diffu-
sion, and hence a larger collision rate occurred at higher
temperatures.

Standard curves

The fluorescence spectra of SA/QDs nanocomposite with dif-
ferent concentrations of amantadine were recorded under the
optimum experimental conditions (Fig. 5) to estimate the
quenching equation. The results showed that the best linear
relationship between Fy/F and the concentration of GSH-
CdTe/ZnS QDs [Q] was in the range of 3.1-27.9 x 10™° mol/
L. The linear equation was Fo/F = 0.0696Q-0.229 with

Table 1  Coexistent substances effect on the fluorescence emission of
the of optimized SA/QDs nanocomposite—amantadine solution

Coexisting substances Coexisting concentration Relative error

(ng/mL) (%)
L-tryptophan 60 +3.4
Phthalic acid 15 +2.8
Glycerol 800 +2.7
Glucose 840 +1.9
HSA 50 +5.1
K* (80,%) 400 +0.1
Na* (CI) 400 +12
Cu®*(S0%) 1.0 -0.8
Fe**(S0,%) 15 -13
Ca** (NO;3) 26 +0.7

correlation coefficients of 0.99. The detection limit was com-
pute by the following equation:

Detection limit = #(,-1 1-.—0.99) X S

which 7 -1, 1-=0.99) 1s the Student’s t-value appropriate for a
single-tailed 99th percentile t statistic and a standard deviation
estimate with n-1 degrees of freedom. S is sample standard
deviation of the replicate spiked sample analyses. The detec-
tion limit was calculated about 0.9 x 10~® mol/L at 25 °C.

Interference of co-existing foreign substances

A variety of co-existing foreign substances are present in the
biological solution, which often interfere with the analysis.
Therefore, a cleanup procedure is required before analysis.
Herein, fluorescence emission response of the nanocomposite
upon addition of some familiar foreign ions and excipients such
as (-tryptophan, phthalic acid, glycerol, glucose, HSA, K*
(804°7), Na* (CI"), Cu**(SO,*"), Fe’*(S0,°"), and Ca’*
(NO5") were examined at the same conditions. These materials
are mostly contained in commercial capsules and pills. The
same experiments with these materials are also reported in pre-
vious literatures due to possibility of practical application of
their procedures. From Table 1, it was observed that most of
the common metal ions and excipients did not produce any
noticeable effect on the fluorescence emission of the QDs even
at higher concentration. However, it was noteworthy from
Table 1 that Fe** and Cu®* quench the fluorescence of QDs.
Thus, they could be allowed at lower concentration levels with-
out significant interference. The same results were obtained in
most of the nanoprobes based on QDs [21, 23, 30, 31].

Analytical application

To demonstrate that the proposed method was feasible, the
fluorescent SA/QDs nanocomposite was applied to determine
amantadine in commercial capsules. Moreover, to evaluate the
accuracy of the developed method, the samples were analyzed
with the reference HPLC method for the assay of amantadine.
The results are shown in Table 2. It can be seen that the rela-
tive standard deviation (RSD) was lower than 2.3, which in-
dicates that the proposed method is in good agreement with

Table 2 Result for amantadine determination in commercial capsules

Amantadine HPLC Our proposed RSD (%)
capsules samples  procedures procedures (mg) n=3)
(mg)
100.2 99.6 1.6
99.4 99.5 2.3
99.7 99.6 1.9
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those using the HPLC method and can meet the requirement
of microanalysis in the sample.

Conclusion

In this paper, we presented for the first time an uncomplicated
route to prepare a novel simple fluorescence nanosensor for
rapid sensing of amantadine. It was successfully constructed
by embedding GSH capped CdTe/ZnS QDs into SA biopoly-
mer. The obtained QDs were characterized using TEM, TGA,
FT-IR, fluorescence, and UV—vis spectroscopy. The results
showed that fluorescence intensity of GSH-CdTe/ZnS QDs
was significantly improved after embededing into SA. The
sizes of the prepared QDs were about ~3.5 nm. With the
addition of amantadine, the fluorescence intensity of QDs de-
creased considerably. We optimized some important factors
which would affect on the fluorescence intensity in the inter-
action between QDs and amantadine. Under the optimized
experimental conditions, amantadine quenched the fluores-
cence intensity of QDs by dynamic mechanism. In addition,
a linear calibration plot was observed for the fluorescence
quenching at 576 nm against the amantadine concentration
in the range of 3.1-27.9 x 10"® mol/L with a correlation co-
efficient of 0.99. The assay was satisfactory applied to the
amantadine determination in real samples. We expect that
the proposed sensor with high sensitivity, rapid response,
low cost, and stability will be applied to improve performance
of biosensors.
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