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Abstract

Mercaptopropionic acid capped cadmium telluride quantum dot (MPA-capped CdTe
QDs) fluorescent probes were used for the determination of salicylic acid. The detection is
based on the fluorescence quenching of MPA-capped CdTe QDs after interact with salicylic
acid. Under optimum conditions, the quenched fluorescence intensity of MPA-capped CdTe
QDs was linearly proportional to the concentration of salicylic acid in the range of 0.5-40 pg
mL " and the limit of detection was 0.15 pg mL . The method was successfully applied to
the determination of salicylic acid in pharmaceutical products, and satisfactory results were
obtained that were in agreement with the HPLC method. The recovery of the method was
in the range of 99+3 t0105+9 %. The proposed method is simple, rapid, cost effective,
highly sensitivity and eminently suitable for the quality control of pharmaceutical
preparation.

Keywords (Anan): Salicylic acid, Quantum dot, determination
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1X10 " 2.4+0.1 0.5 - 10.0
2%x10" 4.9 +0.2 0.5 - 20.0
ax10" 51+0.1 0.5 — 40.0
6X10 57+0.2 1.0 - 50.0
8x10" 6.4 +0.2 1.0 - 60.0
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a = = a a ada o Y av A
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% 4 Y 4 21994
(ug mL ) LEUAI(ug mL )
Martin and
Biosensor 0.48 0.48-34.5
Dominguez, 1999
Shapiro and
Capillary electrophoresis 2.07 3.2-96.7
Gutsche, 2003
Sequentail injection Chocholous et
1.0 3.1-300
chromatography al., 2007
capillary zone Gomez et al,,
0.42 10-100
electrophoresis 2003
Optical fiber probe - 20-500 Loh et al., 2008
CdTe Quantumdots
0.15 0.50-40 This work

(Spectrofluorometer)




11

4. MSANEINAVDIAITUNIU

)= 1 [

\Hesnansusenevauailleglumetundyinsenainasensanasvesdyaungaaisa
13 Ly A e @ van a o di{ o [ [ al
wudvasneudunen wednwanulululalunisussyndldisinaundudmiunsiaiansaenaly
antusnegrandususialsfnunavesisuniundkandlunisned 3 azdiulainlessuvedlansun
a | + 2+ + ! o ¢ ) =
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loounfvuadnmanianunsounsiiudures MPA fiadevedifivesmaudunenwaiidtluiin
o aa @ ) ° Y a ~ 2 ° Y a
Sumsizeriuununatsvesmeudunenyhlnfanisunuidl Cd™ iliiAneuniaves AgTe, CuTe
wae FeTe WARUNRIVBIAIBUIUADN (Yuan et al., 2005) wiagalsinulessuwmariiiusunades
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Tovoulany logaudonsn 91 vesdynaunges logaudonsn 91 vosdyannges
aladn \aLud (%) aledn LyaLgus (%)
7n' (50,) 10 113 Na" (NO;) 10 19
Zn" (Cl) 10 128 Na' (5O,) 10 —10
Mg (S0,7) 10 111 Na' (Cl) 10 —14
(e 10 +2.7 Fe’' () 0.1 +4.0
NCTs0) 10 +2.0 c”'Noy) 001 427
K" (O 10 —39 c’ () 001 +2.8
K" (Br) 10 —36 cd” (s0,) 001 425
K'(50,7) 10 +1.9 A¢ (50,) 001 +3.5
ca () 10 43 Ag+ (NO,)  0.01 +3.8
Glucose 10 +2.0 Mannitol 10 +1.0
Lactose 10 +1.8 EDTA 10 +0.6

Sucrose 10 +2.3 Glycerol 10 +1.4
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mﬁamawaqé’iym']mmaawawuﬁfaaamauﬁmawmmmLﬁmﬁuiﬁ 2 LUU Ao dynamic
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Andn1IEnTEAU Tuwausdl static  LAn9INNIsLAna s dedounes Fluorophore  wag quencher
(William et al., 2003) Lﬁaa%meﬂalﬂmﬁamawaaé’zgagwm%lqaaLiaLsnuﬁsuaamauﬁmawﬁm%’u

a1 Tansaenaleanssesunelaeauinis stern-Volmer (dunnsi 2)
FO/F = 1+Ksv [Q] (2)

o FO uaz F fe dyqamigesisawusivesmsusunenillifiuaziinsanalsdn auddu Ksv Ae
At stern-Volmer wag [Q] Aoarududuvatnsaedledn S18unsisurvesmeusuneniasnsa
g3lgAnAnWUU dynamic ledeunsnsening FOF war [Q] agldnsnfidudunss urdmsu
nuATeilddnvasnsilAadmuny Fo/F (gﬂﬁ 7) wanshsunshseriAnTuduii dynamic
WAz static (Liang et al, 2008) uenanidefiansanadnasumuindlonnududuvesnsnealsan
MinTudnuwasiinaziiin red shift Fufintuidesanmssufuvesmousunevuas H luasazans
Lagdnmauanilsie Ns1Andunsi3en electrostatic  szwinsvgendluianvesnsauidledndu

a a a o a
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Fluorescence emission Fluorescence quenching
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AN5199 4 3988z URINS AN UALYBINTAYNALYANIUFBENLNFUA U (1F9219678879 10000 L¥N)

nsaaloanludiaeng G ATIANY Souaznishe
(ug ML) (ug mL) (ug L) NauAU (%)
10 0.0 0.99+0.03 99+3
2.0 3.05+0.09 105+9
4.0 5.02+0.08 102+8
8.0 9.01+0.07 101+7
2.0 0.0 2.03+0.07 102+3
2.0 3.98+0.05 99+3
4.0 6.03+0.06 102+3
8.0 10.02+0.08 102+4
A1519% 5 nansiATvsinsaenaleanlusiegnandu i
PLERN anududuissy ) FFiRUNTU6) HPLC (%)
1 1 1.02+0.07 1.08+0.02
2 1 1.01+£0.06 1.04+0.03
3 2 2.18+0.06 2.26+0.03
q 2 2.09+0.05 2.05+0.08
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Mercaptopropionic acid-capped CdTe
quantum dots as fluorescence probe for the
determination of salicylic acid in
pharmaceutical products

Opas Bunkoed®”* and Proespichaya Kanatharana®”

ABSTRACT: Mercaptopropionic acid (MPA)-capped cadmium telluride (CdTe) quantum dot (QDs) fluorescent probes were syn-
thesized in aqueous solution and used for the determination of salicylic acid. The interaction between the MPA-capped CdTe
QDs and salicylic acid was studied using fluorescence spectroscopy and some parameters that could modify the fluorescence
were investigated to optimize the measurements. Under optimum conditions, the quenched fluorescence intensity of MPA-
capped CdTe QDs was linearly proportional to the concentration of salicylic acid in the range of 0.5-40 ng mL™" with a coef-
ficient of determination of 0.998, and the limit of detection was 0.15 ng mL™". The method was successfully applied to the
determination of salicylic acid in pharmaceutical products, and satisfactory results were obtained that were in agreement
with both the high pressure liquid chromatography (HPLC) method and the claimed values. The recovery of the method
was in the range 99 + 3% to 105 + 9%. The proposed method is simple, rapid, cost effective, highly sensitivity and eminently
suitable for the quality control of pharmaceutical preparation. The possible mechanisms for the observed quenching reaction
was also discussed. Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: quantum dot; fluorescence quenching; salicylic acid
|

Introduction

Salicylic acid is widely used as an anti-microbial and anti-fungal
agent in many pharmaceutical products because of its broad
spectrum with good stability and non-volatility. It is often used
as a treatment for common skin diseases such as acne, callus
and psoriasis and to ease aches and pains and reduce fevers
(1). However, the long-time use with high doses of salicylic acid
can cause nausea and dizziness (2). In fact, the amount of
salicylic acid intake should be limited to 0.1—3%, as specified
by the various pharmacopoeias (3). Hence, the determination
of salicylic acid in pharmaceutical products is particularly impor-
tant for both quality assurance and consumer safety.

Many methods have been reported for the determination of
salicylic acid including high-performance liquid chromatography
(4), gas chromatography (5), capillary electrophoresis (6) and
amperometric biosensor (1). However, these methods tend to
be expensive, time consuming, complicated and are rarely suit-
able for routine analysis. To overcome these problems, the fluo-
rescence method has attracted interest as an alternative method
due to its operational simplicity and high sensitivity. Some fluo-
rescence methods have been reported for the determination of
salicylic acid (7,8). In recent year, the fluorescence probe
methods, quantum dots (QDs), have attracted considerable at-
tention as novel fluorescence indicators. Compared with tradi-
tional organic fluorophores, QDs exhibit high photostability,
controllable and narrow emission bands and produce high
quantum yields (9,10), resulting in being widely used for the de-
tection of some metal ions and small molecules, such as arsenic
(I (11, mercury (1) (12), copper (ll) (13), Iron (Il) (14),

methimazole (15) kaempferol (16), dopamine (17) and levodopa
(18). Various QDs have been synthesized such as CdTe (19), ZnSe
(20), CdS (21) and CdSe/ZnS (22). Among these, CdTe has
attracted much interest because it can be easily synthesized in
aqueous medium under mild conditions with its particle size
easily adjustable by control of the reaction time (23). To our
knowledge, there has been no work reported for the determina-
tion of salicylic acid using MPA-capped CdTe QDs as a sensitive
fluorescence probe.

In this work, we have developed a simple, rapid, cost-effective
and sensitive analytical method for the determination of salicylic
acid in pharmaceutical products. The method is based on the
fluorescence quenching of MPA-capped CdTe QDs in the pres-
ence of salicylic acid. The mechanism of the proposed reaction
is also discussed.
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Experimental

Materials

All chemicals used were of analytical reagent grade. Tellurium
powder (—200 mesh, 99.8%), sodium borohydride (NaBH,)
and 3-mercaptopropionic acid (MPA) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Salicylic acid was purchased
from Ajax Chemicals Co. Ltd. (Sydney, Australia). CdCl,.2.5H,0
was obtained from Asia Pacific Specialty Chemicals Co. Ltd.
(NSW, Australia). Sodium hydroxide and acetone were pur-
chased from RCI Labscan (Bangkok, Thailand). All aqueous solu-
tions were prepared with deionized water (18.2 M, Elgastat
Maxima, ELGA, UK). A stock solution of 1000 pg mL" of
salicylic acid was prepared by dissolving it in deionized water,
and was stored in a refrigerator at 5°C. Working solutions were
prepared daily by suitable dilutions. Pharmaceutical products
containing salicylic acid were obtained from a local drugstore
(Hat Yai, Thailand).

Instrumentation

UV-vis absorption spectra were obtained using the Avantes
Fiber Optic spectrometer (Eerbeek, The Netherlands), pH values
were measured with a Sartorius pH meter (Goettingen,
Germany). The samples for transmission electron microscopy
(TEM) measurements were prepared by deposition of one drop
of an aqueous dispersion on a copper gird and the solvent was
removed by evaporation at room temperature (25°C). The
image was acquired on a JEM-2010 transmission electron
microscope (JEOL, Japan). Fluorescence measurements were
performed using a RF-5301PC  spectrofluorophotometer
(Shimadzu, Japan). The slits for both excitation and emission
monochromators were 5.0 nm in width. All optical measure-
ments were performed at room temperature (25°C) under ambi-
ent conditions.

The HPLC experiments were performed using a Hewlett-
Packard (Agilent Technologies, Germany) 1100 series HPLC sys-
tem with a high-pressure binary pump, microvacuum degasser,
autosampler, thermostated column compartment and diode
array detectors (Agilent Technologies, Germany). Data acquisi-
tion and evaluations were performed using the Agilent
ChemStation software (Agilent Technologies, Germany). The
analysis of salicylic acid was operated on an Ultra C18 column
(5 pm particle size, 250 mm x 4.6 mm ID) (Restek, USA). The
HPLC conditions were adapted from the report of Kees et al.
(24), the mobile phase was 0.1% phosphoric acid: acetonitrile
(60:40, v/v) at a flow rate of 0.60 mL min~', the column
temperature was 30°C and the absorbance was monitored at
237 nm.

Preparation of sodium hydrogen telluride (NaHTe)

The NaHTe solution was produced by the reaction of Te powder
with NaBH, in an ice bath. 0.10 g Te powder was mixed with
0.090 g NaBH,4, then 2.0 mL deoxygenized water was added
while being continuously stirred. After 4 h, the black tellurium
powder disappeared and a sodium tetraborate white precipitate
appeared at the bottom of the tube. The resultant NaHTe in the
clear supernatant was separated and used to prepare MPA-
capped CdTe QDs (see below).

Preparation of MPA-capped CdTe QDs

The preparation of MPA—capped CdTe QDs was modified from
the previously reported procedure (25). Briefly, 0.2 mmol of
CdCl; was dissolved in 50 mL of deionized water and 0.34 mmol
MPA was added. The solution was then adjusted to pH 11.5 with
a 0.1 M NaOH solution. The solution was placed in a three-
necked flask and nitrogen gas was bubbled through the solution
for 30 min. Under magnetic stirring, a freshly prepared NaHTe
solution was injected through a syring into the solution. The so-
lution was then heated at 95°C and further refluxed under a flow
of nitrogen gas for 20 min with a condenser attached. The
resulting product was precipitated by acetone and with an ex-
cess of MPA and the Cd" that did not participate in the reaction
was removed by centrifugation at 4000 rpm for 5 min. The resul-
tant precipitate was re-dispersed in water and re-precipitated by
acetone three times.

Procedures

MPA-capped CdTe QDs were dissolved in deionized water and
the pH of the solution was adjusted to 5.5 with 0.05 mol L™
HCI. One hundred microliters of MPA-capped CdTe QDs solution
was mixed with various concentrations of salicylic acid solution
(50 pL). After 1 min, the fluorescence intensity of the MPA-
capped CdTe QDs was measured. An excitation wavelength
was fixed at 400 nm and the fluorescence emission spectrum
of the mixture was determined over the range 480-700 nm.
For the real sample analysis, the pharmaceutical samples were
diluted with deionized water 10,000-fold without any sample
preparation procedure.

Results and discussion

Characterization of MPA-capped CdTe QDs

The optical properties of MPA-capped CdTe QDs were charac-
terized by fluorescence and UV-vis spectroscopy. The fluores-
cence and UV-vis absorption spectra of the MPA-capped CdTe
QDs are shown in Fig. 1.

The fluorescence spectrum band was relatively narrow
and symmetrical, and indicated that MPA-capped CdTe QDs
are monodisperse and homogeneous. The emission band
showed a maximum at 560 nm. The UV-vis absorption peak
of the MPA-capped CdTe QDs was located at 530 nm. The
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Figure 1. UV-vis absorption (dotted line) and fluorescence emission spectra
(solid line) of the MPA-capped CdTe QDs.
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size of the MPA-capped CdTe QDs was determined according
to eqn (1):

D = (9.8127 x 107)23-(1.7147 x 107))?
+ (1.0064))-194.84 (1)

where D (nm) is the size of MPA-capped CdTe QDs, and A is
the wavelength of the first excitonic absorption peak, the di-
ameter of the MPA-capped CdTe QDs was estimated to be
about 2.98 nm. The concentrations of the MPA-capped CdTe
QDs were calculated using Lambert-Beer's law, A = &bC,
where A is the absorbance at the peak position of the first ex-
citonic absorption peak, b (cm) is the part length of the radia-
tion beam used for recording the absorption spectrum, C is the
concentration of CdTe QDs (mol L™") and ¢ (L mol™ cm™) is
the extinction coefficient per mole of the MPA-capped CdTe
QDs at the first excitonic absorption peak, and was obtained
from & = 10,043(D)*'? (26,27).

The MPA-capped CdTe QDs were also characterized by TEM.
As shown in Fig. 2, the TEM image shows clearly that these
MPA-capped CdTe QDs were monodisperse, uniform and their
appearance agreed with the above characterization on their size
distribution and diameter.

Optimization of the analysis system

Effect of pH. It has been reported that the optical properties
of QDs are sensitive to their surface,which is influenced by the
surrounding environments such as pH and the existence of
some molecules (9). Therefore, the influence of the pH on the
fluorescence intensity of MPA-capped CdTe QDs for analysis of
salicylic acid was investigated and the results are shown in Fig. 3.
The most suitable pH for the MPA-capped CdTe QDs to react

Figure 2. TEM image of MPA-capped CdTe QDs.

AF(F0-F)

4.0 4.5 5.0 55 6.0 6.5
pH

Figure 3. The effect of pH on the fluorescence intensity change (AF) of the MPA-
capped CdTe QDs for the detection of salicylic acid.

with salicylic acid was 5.5. When the pH was lower than 5.5,
the fluorescence intensity change (AF = FO — F) decreased as a
possible result of deconstruction of the Cd**~MPA complex’s an-
nulus due to the protonation of the surface-binding thiolates
(28). Increasing the pH to more than 5.5 resulted in a change
in the fluorescence intensity of MPA-capped CdTe QDs that also
decreased due to the interaction of Cd** on the surface of the
CdTe QDs with OH™ in the solution, and which led to the forma-
tion of Cd(OH), coated onto the surface of the CdTe QDs (19).

Reaction time and temperature. The reaction between the
MPA-capped CdTe QDs and salicylic acid reached an equilib-
rium very quickly, within 1 min and after that the fluorescence
signals slightly decreased. Therefore, fluorescence signals were
recorded after mixing MPA-capped CdTe QDs and salicylic acid
within 1 min. It was reported that temperature had an effect on
the fluorescence intensity of the QDs (29). Therefore, all analyti-
cal studies were conducted at room temperature (25°C) for
convenience.

Effect of MPA-capped CdTe QD concentration. The concen-
tration of the MPA-capped CdTe QDs affected not only the
intensity of the fluorescence but also the sensitivity of the ana-
lytical assay. The effect of the concentration of the MPA-capped
CdTe QDs for the detection of salicylic acid was investigated and
the results are shown in Table 1. If the concentration of the CdTe
QDs was too low, the fluorescence intensity was very weak (low
sensitivity), and resulted in a narrow linear range. However, at
high concentrations of MPA-capped CdTe QDs, salicylic acid
was not detected at low concentrations, as the lower amount
of salicylic acid was not sufficient to quench the fluorescence in-
tensity of the MPA-capped CdTe QDs. Therefore, the optimum

Table 1. Effect of the concentration of the MPA-capped
CdTe QDs for the detection of salicylic acid

CdTe QDs Sensitivity Linear range
concentration (M) (a.u/pg mL™) (ng mL™)
1x107 24 £ 0.1 0.5-10.0
2x107 49+ 0.2 0.5-20.0
4x107 51+0.1 0.5-40.0
6x107 57+02 1.0-50.0
8x 107 64 +0.2 1.0-60.0
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concentration of CdTe QDs was between the sensitivity and the
linear range. Hence, a concentration for CdTe QDs of 4 x 107 M
was optimal and chosen for all future experiments.

Calibration and sensitivity

Under optimum conditions, the fluorescence spectrum of the
MPA-capped CdTe QDs with various concentrations of salicylic
acid were recorded, the results are shown in Fig. 4. The fluores-
cence intensity decreased with increase in salicylic acid concen-
tration with a slight red shift of the maximum emission peak.
Good linearity between the AF (FO - F) and the concentration
of salicylic acid was obtained in the range of 0.5-40.0 ug mL™"
with a correlation coefficient of 0.996. The linear regression
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Figure 4. Fluorescence spectrum of MPA-capped CdTe QDs after addition of
salicylic acid at different concentrations: a = 0.50 pg/mL; b = 1.0 ug/mL; ¢ =
5.0 ng/mL; d = 10.0 pg/mL, e = 20.0 pg/mL; f = 30.0 ug/mL; g = 40.0 pg/ mL.
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Figure 5. Calibration curve of AF versus salicylic acid concentration.

was (5.1 = 0.1)x - (14 + 2) as shown in Fig. 5. The low detection
limit was 0.15 pg mL™", calculated following IUPAC criteria,
LOD = 30/k, where o is the standard deviation of the blank mea-
surements (n = 10) and k is the slope of calibration curve. The
proposed method exhibited good precision with a relative stan-
dard deviation of 2.6% for 2.0 ug mL™" salicylic acid (n = 10).
Compared with the method developed previously, the present
method had a lower detection limit for analysis of salicylic acid
(Table 2).

Tolerance of foreign compounds

Some compounds have the potential to quench the intensity of
fluorescence of MPA-capped CdTe QDs. To investigate the pos-
sibility of practical applications for the determination of salicylic
acid in pharmaceutical products, the interference from some
metals and small organic molecules was tested under optimum
conditions. The results are shown in Table 3. Although, some
metal ions such as Ag*, Cu®" and Fe**did quench the fluores-
cence of MPA-capped CdTe QDs this result was similar to a pre-
vious report (22,33) due to the ability of small cations to pass
through the shell layer and interact with the core, and thus lead-
ing to a chemical displacement of the surface Cd*" ions by Ag*,
Cu?* and Fe** to form AgTe, CuTe and FeTe particles on the sur-
face of QDs core (34). However, these ions are usually present at
very low concentration in pharmaceutical products. Moreover,
the proposed method is highly sensitive to salicylic acid and
samples can be diluted up to 10,000 times (salicylic acid in a
pharmaceutical product is usually 1 or 2%). Therefore, these in-
terferences can be diminished by diluting the samples. So, this
method can be applied to detect salicylic acid in pharmaceutical
products.

Mechanism of quenching

A variety of process can contribute to the quenching of fluores-
cence, including energy transfer, an excited state reaction, com-
plex formation, and collisional quenching. There are two types of
fluorescence quenching, dynamic, and static quenching. Dy-
namic quenching refers to a process in which the fluorophore
and the quencher come into contact during the excited state,
whereas static quenching refers to the formation of a
fluorophore-quencher complex (27). To explain the possible
quenching mechanism of the MPA-capped CdTe QDs and
salicylic acid, the Stern-Volmer relationship was studied, eqn (2):

FO/F =1+ Ksv[Q| ()
where FO and F are the fluorescence intensity in the absence and
presence of salicylic acid, respectively. Ksv is the Stern-Volmer

Table 2. Comparison of the performance of the proposed method and other works

Methods Detection limit (ug mL™")  Linear range (ug mL™")  References
Biosensor 0.48 0.48-34.5 (1)
Capillary electrophoresis 2.07 3.2-96.7 6)
Sequential injection chromatography 1.0 3.1-300 (30)
Capillary zone electrophoresis 0.42 10-100 (31)
Optical fiber probe - 20-500 (32)
CdTe quantum dots (spectrofluorometer) 0.15 0.50-40 This work

wileyonlinelibrary.com/journal/luminescence

Copyright © 2015 John Wiley & Sons, Ltd.

Luminescence 2015



MPA-CdTe QDs as fluorescence probe for salicylic acid determination

22

LUMINESCENCE

The Journal of Biological and Chemical Luminescence

Table 3. Effects of foreign ions on the fluorescence of MPA-capped CdTe QDs for the detection of salicylic acid (2.0 mg L™")
Coexisting substances  Tolerance ratios ~ Change of AF (%)  Coexisting substances  Tolerance ratios  Change of AF (%)
Zn* (50.7) 10 +13 Fe’* (c) 0.1 +4.0
Zn* (Ch) 10 +2.8 Cu™* (NO3") 0.01 +2.7
Mg?* (50,77) 10 +11 cu® () 0.01 +2.8
Ni2* (CI) 10 +27 cu?t (50,%) 0.01 +25
NiZ*(S0,%) 10 +2.0 Ag™ (50,%) 0.01 +35
K* (CI) 10 -39 Ag+ (NO3) 0.01 +3.8
K" (Br) 10 -36 Glucose 10 +2.0
K (50,%) 10 +1.9 Lactose 10 +18
ca’t (cn 10 -48 Sucrose 10 423
Na® (NO3") 10 -19 Mannitol 10 +1.0
Na® (50,7 10 -1.0 EDTA 10 +0.6
a* (CN) 10 -14 Glycerol 10 +1.4
14
12 a b '_{ fluorescence quenching constant, which is related to the
} quenching efficiency of the quencher, and [Q] is the concentra-
10 4 ._.~"’ ca tion of quencher (salicylic acid). If the Stern-Volmer description
f ] of the quenching mechanism of salicylic acid and MPA-capped
& 8 §__:'" QDs involves dynamic quenching, the plot of the FO/F as a func-
2 7 tion of [Q] should be linear. The upward Stern-Volmer plot
61 (Fig. 6) showed there was a combination of both dynamic and
d static quenching (26,35). In addition, the emission spectrum of
e the QDs exhibited a red shift in the emission peak with the pH

60 70 80 90
Salicylicacid (ug mLY)

Figure 6. The Stern-Volmer plot for the interaction of salicylic acid and the MPA-
capped CdTe QDs at concentrations 0.2 uM (a), 0.4 uM (b), 0.6 uM (c), or 0.8 uM (d).
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decreasing (increasing of the salicylic acid). The shift of the emis-
sion peak may result from the decomposition of the annulus of
the Cd**-MPA complexes due to the protonation of the
surface-binding thiolate. Then a portion of MPA dissociated from
the CdTe QDs, resulting in the aggregation of the uncapped
QDs. Another reason could be electrostatic interaction between
the carboxylate group of salicylic acid and the cadmium ion
(Cd®*) on the surface of the CdTe QDs (Fig. 7).
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Figure 7. Schematic illustration of the fluorescence quenching of MPA-capped CdTe QDs.
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Table 4, Recovery of salicylic acid in pharmaceutical sample
(dilution 1000-fold)

Concentration Added Found Recovery

of salicylic acid (ugml™")  (ug mL™) (%)

in sample (ug mL™")

1.0 0.0 0.99 + 0.03 99 + 3
2.0 3.05 + 0.09 105+9
4.0 5.02 +0.08 102+ 8
8.0 9.01 + 0.07 101+ 7

2.0 0.0 2.03 +£0.07 102+ 3
2.0 3.98 + 0.05 99+ 3
4.0 6.03 + 0.06 102+ 3

8.0 10.02 £ 0.08 102+ 4

Table 5. Analytical results for the determination of salicylic
acid in pharmaceutical samples

Sample Labeled value (%) This method (%) HPLC (%)

1 1 1.02 £ 0.07 1.08 + 0.02

2 1 1.01 £ 0.06 1.04 £ 0.03

3 2 2.18 + 0.06 2.26 £ 0.03

4 2 2.09 + 0.05 2.05 +0.08
Application

The proposed method was next applied to determine the
salicylic acid concentration in some pharmaceutical products.
The samples were measured without special treatment except
for dilution with deionized water (10,000-fold). The recovery of
the proposed method was evaluated by adding a known
amount of standard salicylic acid to the real sample at four dif-
ferent levels. The average recovery (R) was defined by the equa-
tion R = [(CT —CA)/C] x 100%, where C is the amount of salicylic
acid in samples, CA is the added amount of a standard solution
of salicylic acid and CT is the amount of salicylic acid after addi-
tion of the standard solution to the samples (Table 4).

The recoveries were in the range of 99 + 3% to 105 £ 9%. The
proposed method was also compared with the HPLC method.
This showed that the proposed method agreed well with the
HPLC method and the labeled values, as shown in Table 5.
Therefore, the method can be recommended for the determina-
tion of salicylic acid in pharmaceutical preparations.

Conclusions

We have proposed and developed a new method for detecting
salicylic acid based on the change to the fluorescence
quenching of MPA-capped CdTe QDs. The advantages of the
proposed method are that it is simple, rapid, cost effective,
highly sensitivity, has a low detection limit and does not require
any sample preparation step so there can be a high analytical
throughput. The proposed method was successfully applied to
the determination of salicylic acid in pharmaceutical samples
with satisfactory results that agreed with the data on the labels.
In addition, this method can be applied to detect salicylic in

other matrices such as urine and blood samples at concentra-
tions as low as 0.5 pg mL™".
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