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Abstract By controlling the reflux time and the quantity of
the shell materials, different sizes of thioglycollic acid
(TGA) modified CdTe/CdSe core/shell quantum dots were
synthesized in aqueous solution. This type of QDs was used
for sensitive and selective determination of ascorbic acid in
commercial tablets. Under optimal conditions, a good
linearity was observed between the relative fluorescence
(FL) intensity and the concentration of ascorbic acid in the
range of 4.0 to 64.0 μg/mL with a correlation coefficient of
0.9968. The limit of detection was 2.4 μg/mL. This method
was applied to the determination of the ascorbic acid in
Vitamin C tablets and Vitamin C Yinqiao pills, and
satisfactory results were obtained.
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Introduction

Colloidal semiconductor nanocrystals, also named quantum
dots, have been attracting extensive attention in the last
decade. Due to their unique electronic and optical proper-
ties, they have been showing great potential especially in
labeling, imaging and detection in biological and bioimag-

ing applications [1–5]. Compared with traditional organic
dyes, quantum dots (QDs) have unique optical advantages
such as broad excitation spectra, tunable, narrow and
symmetric emission spectra, high resistance to photo- and
chemical degradation and high photostability [6–8], which
make them a new type of luminescent materials as an
alternative to organic dyes.

QDs are traditionally synthesized in organic solution
using the high boiling point solvent of trioctylphosphine
oxide (TOPO) or trioctylphosphine (TOP) [9, 10], but this
method is complex, time consuming and toxic. Moreover,
QDs synthesized in organic solution have to be transferred
to aqueous solution by surface modification to meet the
need of biological applications, which usually results in a
significant decrease of the photoluminescence quantum
yield (PL QY) and fluorescence stability of the QDs [2, 11,
12]. QDs can also be synthesized in aqueous solution,
which is simpler, less expensive, less toxic and biocompat-
ible [13]. Since aqueous phase synthesis of thioglycerol
capped CdTe QDs was reported in 1996 for the first time
[14], a variety of water soluble single core QDs have been
successfully synthesized, but they are not so satisfying in
all kinds of properties. Epitaxial growth of a semiconductor
shell out of the single core quantum dots resulting in core/
shell QDs is a useful ways to improve the quality of water
dispersed QDs [15, 16]. Surface defects and nonradiative
decay of the QDs can be reduced through this way. In
recent years, the synthesis of core/shell QDs in aqueous
media has been of great interest to many researchers. Up to
now, several kinds of core/shell QDs have been synthesized
in aqueous solution. But the CdTe/CdSe QDs have been
seldom reported [17, 18].

Previous researches showed that fluorescence intensity
of QDs varies with the pH change of the system. Susha AS
et al. found that thioglycolic acid capped CdTe nanocrystals
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was pH sensitve in certain pH range and pointed out the
potential use of water-soluble CdTe nanocrystals as pH
sensor [19]. Yu et al. have used modified QDs as pH probe
for the detecting of reaction kinetic study of hydrolysis of
glycidyl butyrate catalyzed by porcine pancreatic lipase
(PPL) [20]. Wang YQ et al. have studied mercaptopmpionic
acid (MPA) modified CdTe QDs as pH sensor for the
determination of tiopronin [21]. However, the studies of
QDs as pH sensors and their applications are still very
limited. Therefore, further and deeper researches are
expected.

Ascorbic acid, also named Vitamin C, is a kind of
important nutrient that can only be supplied by food but
is crucially important for human body. It plays an
important role in variety of biological events, such as
collagen formation, amino acid metabolism, ion absorp-
tion [22] and so on. It is also an essential addictive in
food processing industry. However, excessive intake of
ascorbic acid can result in diarrhea, hyperacidity and
kidney calculi [23]. Up to now, many techniques have
been developed for the determination of ascorbic acid in
food and tablets, including HPLC [24], flow injection
analysis [25], potentiometry [26], spectrofluorimetry
[27], enzymatic method [28], etc. Because of their
simplicity and low cost, spectrofluorimetric methods
have been used wildly in recent years. As of yet,
however, no work has been reported for the determina-
tion of ascorbic acid using QDs as pH sensitive
fluorescence probe.

In this paper, TGA capped CdTe/CdSe core/shell QDs
have been prepared in aqueous solution and their optical
properties and structural were characterized. By using this
type of QDs as a pH-sensitive fluorescence probe, we
developed a simple and rapid method for the selective
determination of ascorbic acid. The proposed method was
successfully applied in the determination of ascorbic acid in
Vitamin C tablets and Vitamin C Yinqiao pills.

Experimental

Apparatus

All fluorescence measurements were made with RF-
5301PC fluorescence spectrophotometer (Shimadzu, Japan)
equipped with a 1 cm quartz cell. The absorption spectra
were measured on a TU-1901 UV–vis Spectrophotometer
(Beijing Purkinje General Instument Co., LTD, Beijing,
China) using a 1 cm quartz cell. pH measurements were
performed on pHs-3 C (Leici Analytical Instrument
Factory, Shanghai, China). Powder X-ray diffraction
(XRD) was taken on a D/max-2400 X-ray powder
diffractometer (Rigaku, Japan) with Cu Kα radiation

(λ=1.54056 Å). The sample was placed on the glass slide,
and the scanning range was from 10° to 70°.

Materials

CdCl2·2.5H2O and Te powder were purchased from
Sinopharm Chemical Reagent Co., Ltd. Se was obtained
from Shanghai Meixing Chemical Co., Ltd. NaBH4 was
obtained from Shanghai Guangming Chemical Co., Ltd,
China. Thiogycolic acid (TGA, 90%) was from Tianjin
Guangfu Fine Chemical Research Institute, China. Ascor-
bic acid was purchased from Xi’an Chemical Reagents
Factory, China. Vitamin C tablets and Vitamin C Yinqiao
pills were bought from local drug store. All chemicals
used are of analytical reagent grade without further
purification. Distilled water was used throughout the
whole work.

Preparation of CdTe QDs

TGA-modified CdTe QDs were synthesized in aqueous
solution according to a previous method [29] with some
modification. In brief, 4 mL of CdCl2·2.5H2O (0.1 mol/L)
was diluted to 100 mL in a three-necked flask in the
presence of 60 μL TGA as stabilizing agent, then the pH of
the mixture was adjusted to 9.5 with NaOH (1.0 mol/L),
followed by deaeration with N2 for at least 30 min. 2 mL of
freshly prepared NaHTe solution was injected into the Cd
precursor solution dropwise under vigorous stirring. The
molar ratio of Cd2+:TGA:Te was fixed at 1:2:0.25. Then the
mixture was refluxed at 100 °C for 3 h under N2

atmosphere protection to promote the growth of QDs. The
final concentration of the QDs was 1×10-3 mol/L
according to the concentration of Te. The products were
precipitated by 200 mL of acetone, thus the redundant
Cd2+ and TGA were removed through centrifugation at
12,000 rmp for 5 min. The obtained precipitate was dried
in N2 atmosphere.

Stock Solutions for Shell Growth

The Cd precursor was prepared as follows: 10 mL Cd2+

(0.1 mol/L) and 150 μL TGA was dissolved in 15 mL
H2O. Then, the pH of the solution was adjusted to 11.2.
The concentration of Cd2+ was 0.04 mol/L. 2 mL of
0.025 mol/L freshly prepared NaHSe solution under the
protection of N2 was used as Se precursor.

Preparation of CdTe/CdSe QDs

The dried CdTe QDs was re-dispersed in 100 mL distilled
water in a three-necked flask and then the solution was
deaerated by N2 bubbling for 40 min. The resulting mixed
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solution was heated to 75–80 °C under the protection of N2

atmosphere.
2.5 mL of oxygen-free Cd precursor and 2.0 mL Se

precursor was injected into the hot solution by dropwise
addition with syringes simultaneously followed by
several hours of reflux to promote the growth of the
CdSe shell. Then, 2.0 mL of the reaction solution was
taken out for the determination of its optical properties.
This was defined as the 1 layer. Same procedure was
repeated for the growth of the second layer. Using this
method, CdTe with 1∼4 layers of CdSe was finally
synthesized.

Sample Treatment

For the pharmaceutical analysis, ten pills of Vitamin C
tablets were weighed and powdered in a mortar. Average
weight of each tablet was calculated and certain part of the
powder was weighed and transferred into a 10 mL
volumetric tube and diluted to the mark. The mixture was
extracted in an ultrasonic bath for 15 min followed by
centrifugation at 15,000 rpm for 10 min to remove the
insoluble excipients. The supernatant was used for the
following analysis.

For Vitamin C Yinqiao pills, the sugar-coats was
removed. Then, the pills were powdered and proper
quantity of the powder was transferred into a 10 mL
volumetric tube and diluted to the mark, the following
procedure was the same as Vitamin C tablets.

Analytical Procedure

200 μL of the CdTe/CdSe QDs was transferred into a
10 mL volumetric tube and diluted to the mark with
distilled water and mixed thoroughly. Then the pH of the
mixed solution was adjusted to 8.5 with 0.1 mol/L HCl.
2 mL of the mixed solution was titrated by successive
adding 4.0 μL of 2.0 mg/mL ascorbic acid solutions. The
fluorescence emission spectra were recorded from 220 to
770 nm (excitation wavelength 360 nm) using 5/5 nm slit
widths.

All the experiments were performed at room temperature.

Results and Discussion

Characterization of CdTe and CdTe/CdSe Core/Shell QDs

Figure 1 depicted the fluorescence spectra and colour
change of CdTe and CdTe with various thickness of CdSe
shell. As can be seen in Fig. 1(a), the emission band of the
bare-core CdTe was narrow and symmetrical with a sharp
emission peak at 556 nm. With the growth of the shell

thickness from 1 to 4 layers, a significant red shift of the
maximum emission wavelength from 556 nm to 637 nm
was obtained, and the colour of the reaction solution
changed from green to yellow, red and deep red finally
(Fig. 1(b)). This red shift can be attributable to the size
increase of the QDs by overcoating CdTe with CdSe shell.
Also, it can be seen from Fig. 1, with the growth of the
shell, the full width at half-maximum (FWHM) gradually
become wider. We concluded that this was caused by the
Ostwald ripening of the QDs [30] and the distribution of the
core/shell QDs with different shell thickness [31].

The synthesized CdTe/CdSe core/shell QDs exhibited
good stability, when stored in darkness at 4 °C, the
fluorescence intensity can kept stable for 3 months.

Figure 2 showed the UV/vis adsorption spectra of the
CdTe and differnent sizes of CdTe/CdSe QDs. The
maximum absorbance of CdTe was 512 nm. When the
QDs were coated with CdSe, the absorption spectra were
found to be redshifted during the shell growing process.
The maximum absorbance was at 595 nm when the CdSe
shell was 4 layers. This can be explained by the quantum

Fig. 1 Fluorescence spectra of CdTe and CdTe QDs with different
thickness of the CdSe shell (a) and photograph of the nanocrystals
under the irradiation of a UV lamp (b)
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size effect theory: The maximum absorbance shifts to lower
energy when the size of the QDs increases [32].

The formation of the CdSe shell was further supported
by XRD results. The XRD patterns of CdTe and CdTe/
CdSe with different shell thickness are present in Fig. 3.
The broad peaks are typical for nanoparticles. The
diffraction pattern of the bare-core CdTe QDs is consistent
with that of bulk cubic CdTe structure. The three strong
peaks at 23.7°, 39.8°, and 46.5° corresponded to the (111),
(220) and (311) planes, respectively. It demonstrates that
the prepared quantum dots have a zinc blende structure. By
increasing the shell thickness of the CdTe/CdSe QDs, the
diffraction pattern shifted to the higher angle. The diffrac-
tive peaks of the CdTe/CdSe QDs are between the cubic
CdTe and cubic CdSe QDs. No separated CdSe diffraction
peaks were observed, which indicated the formation of the

core/shell structure. The results were similar with the CdTe/
CdS and CdTe/CdSe core/shell structures reported previ-
ously [31, 33].

Relationship Between pH and Fluorescence Intensity
of the QDs

It has been reported that pH values greatly influence the
fluorescence intensity of QDs. Here, the relationship
between different pH values and the fluorescence intensity
of CdTe/CdSe QDs was studied. Fluorescence intensity of
QDs diluted in NaH2PO4-Na2HPO4 buffer solutions with
different pH was recorded. As can be seen from Fig. 4,
fluorescence intensity of the QDs kept increasing as the pH
values changed from 4.3 to 8.5, and then decreased with the
pH values continued to increase. A slightly red-shift of the
maximum emission peak was observed when the pH value
was low (See inset of Fig. 4). According to that, the pH
range of 4.3 to 8.5 was selected for the determination of
ascorbic acid.

Fluorescence Quenching of QDs Caused by Ascorbic Acid

Ascorbic acid is a weak acid in aqueous solution. In order
to ascertain whether the fluorescence quenching was mainly
caused by the pH change due to the adding of ascorbic acid,
effect of ascorbic acid on the fluorescence intensity of the
core/shell QDs diluted by 0.05 mol/L NaH2PO4-Na2HPO4

(pH 8.5) buffer solution was studied. As shown in Fig. 5,
the fluorescence intensity of the QDs changed very slightly
with the addition of ascorbic acid. Also, the pH change was
measured while the concentration of ascorbic acid in-
creased. The experiment results showed that the pH
decreased slightly from 8.53 to 8.39 when the concentration

Fig. 2 UV/vis adsorption spectra of CdTe and CdTe QDs with
different thickness of the CdSe shell

Fig. 3 X-ray diffraction patterns of CdTe and CdTe/CdSe QDs with 4
layers thickness of CdSe shell

Fig. 4 Effect of pH on the fluorescence intensity of the CdTe/CdSe
QDs. The pH values were 3.62, 4.33, 4.87, 5.51, 6.37, 7.45, 7.98,
8.50, 9.02, 10.02 and 10.40; Inset: The FL spectra of the QDs from
pH 8.50 to 4.33
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of ascorbic acid increased from 0 to 80.0 μg/mL. So it was
concluded that the pH change caused by the addition of
ascorbic acid induced the fluorescence quenching of the
QDs.

Optimization of the Analytical Procedure

Effect of Temperature and Reaction Time

Since the temperature of the reaction system did not affect
the fluorescence intensity greatly, room temperature was
selected for convenience. According to the experiments, the
fluorescence intensity of the system can reached equilibri-
um immediately after intensive mixing and changed slightly
in 15 min. We finally chose 1 min after intensive mixing as
the best reaction time.

Effect of the Concentration of the CdTe/CdSe QDs

The optimal concentration of the QDs should given the
highest sensitivity and the widest linear range of response
to the target analyte. The experimental results indicated that
when the concentration was low, significant fluorescence
quenching can be obtained and the sensitivity was relatively
high. When the concentration increased, the fluorescence
intensity became stronger and the linear range was wider.
To give consideration to both the sensitivity and the linear
range, 2.0×10−5 mol/L (referring to the concentration of
corresponding bare-core CdTe) was finally employed as the
best QDs concentration throughout the experiment.

Calibration and Sensitivity

A serial fluorescence spectra of QDs in the presence of
different amount of ascorbic acid was recorded under the

optimal reaction conditions. As shown in Fig. 6, with the
gradual addition of ascorbic acid, a significantly fluores-
cence quenching and a gradual red-shift of the emission
peak were observed, especially for high concentration of
ascorbic acid. And the pH of the system was 8.47, 7.69,
6.81, 4.73, 4.44, 4.28 while the ascorbic acid concentration
was 0, 4.0, 12.0, 32.0, 48.0, 64.0 μg/mL separately. The
results further confirmed the conclusion that the fluores-
cence quenching was caused by the pH change.

There was a good linearity between ln(F0/F) and C
(concentration of ascorbic acid, μg/mL) in the range
between 4.0 to 64.0 μg/mL with a correlation coefficient
of 0.9968 (See inset of Fig. 6). The regression equation was
ln F0=Fð Þ ¼ 0:052C� 0:312. The limit of detection (calcu-
lated following the 3σ IUPAC criteria) was 2.4 μg/mL. The
relative standard deviation for a set of 6 measurements of
10.0 μg/mL ascorbic acid was 2.2%, which indicated that
this method has good precision and accuracy.

Fig. 5 Effect of ascorbic acid on the fluorescence intensity of the QDs
in the NaH2PO4-Na2HPO4 buffer solution with pH 8.5

Fig. 6 FL spectra of the CdTe/CdSe QDs in the presence of different
concentration of ascorbic acid. The final concentration of the ascorbic
acid was (a) 0, (b) 4.0, (c) 8.0, (d) 12.0, (e) 16.0, (f) 24.0, (g) 32.0, (h)
40.0, (i) 48.0, (j) 56.0, and (k) 64.0 μg/mL; Inset: Calibration curve
for the fluorescence quenching of the QDs by ascorbic acid. QDs½ � ¼
2:0� 10�5mol=L

Table 1 Effect of foreign substances on the QDs-ascorbic acid system
under optimal condition. [Ascorbic acid]=8.0 μg/mL

Coexisting substance Concentration (μg/mL) Change of F (%)

Glucose 200 −4.22
β-CD 50 −3.26
SDS 180 −1.90
Urea 30 −3.14
Sodium citrate 50 3.19

Ammonium tartrate 80 3.73

NaCl 300 −4.59
NH4Cl 40 −3.27
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Effect of Foreign Substance

In order to assess the selectivity of the proposed method,
effect of foreign substances on the fluorescence intensity of
the CdTe/CdSe QDs system containing 8.0 μg/mL ascorbic
acid was evaluated. Experiments results showed that some
metal ions, such as Cu2+, Zn2+, Hg2+ can severely interfere
with the determination due to their intensely interaction
with QDs. But, their concentrations in the tablets are always
very low, and could hardly interfere with the fluorescence
intensity of the systems. Several excipients that are often in
presence of the commercial tablets were tested and the
results were showed in Table 1. The tolerance concen-
trations of these excipients were much higher than their
concentrations in the tablets. Therefore, we can conclude
that this method has high selectivity and can be applied in
the determination of ascorbic acid in tablets.

Quenching Mechanism

There have been many researches on the relationship
between the fluorescence intensity of QDs and the pH. As
the fluorescence quenching of the CdTe/CdSe QDs caused
by ascorbic acid was mostly because of the pH change of
the system caused when ascorbic acid was added. We
deduced that when ascorbic acid was added, pH of the
system decreased, leading to the deconstruction of the
Cd2+-TGA complexes’ annulus due to the protonation of
the surface-binding thiolates [34]. Then part of the TGA
dissociated from the surface of the QDs and the aggregate
of the uncapped QDs given rise to the fluorescence
quenching [35] and the red-shift of the emission peak to
longer wavelength.

Analytical Applications

To demonstrate the proposed method was feasible, it was
applied to the determination of ascorbic acid in commercial
Vitamin C tablets and Vitamin C Yinqiao pills. The results
obtained by standard additionmethodwere showed in Table 2.
It can be seen that the RSD was lower than 3.7% and the
average recovery of the real samples was between 99% and
105%, which indicated that the proposed method can meet
the requirement of microanalysis and was practical for the
determination of ascorbic acid in commercial tablets.

Conclusion

In summary, TGA modified CdTe/CdSe core/shell QDs
with different shell thickness was directly synthesized in
aqueous solution. The obtained core/shell structure nano-
particles exhibited great stability. It was found that ascorbic
acid can effectively quench the fluorescence intensity of
such QDs. Based on this phenomenon, it was used as
fluorescent probe for the sensitive and selective determina-
tion of ascorbic acid for the first time, and satisfactory
results were obtained.

Acknowledgements This work was supported by the National
Natural Science Foundation of China (Nos. 20875040, J0730425).

References

1. Chan WCW, Nie SM (1998) Quantum dot bioconjugates for
ultrasensitive nonisotopic detection. Science 281(5385):2016–
2018

2. Dubertret B, Skourides P, Norris DJ, Noireaux V, Brivanlou AH,
Libchaber A (2002) In vivo imaging of quantum dots encapsu-
lated in phospholipid micelles. Science 298(5599):1759–1762

3. Parak WJ, Gerion D, Zanchet D, Woerz AS, Pellegrino T, Micheel
C, Williams SC, Seitz M, Bruehl RE, Bryant Z, Bustamante C,
Bertozzi CR, Alivisatos AP (2002) Conjugation of DNA to
silanized colloidal semiconductor nanocrystalline quantum dots.
Chem Mater 14(5):2113–2119

4. Sondi I, Siiman O, Koester S, Matijevic E (2000) Preparation of
aminodextran-CdS nanoparticle complexes and biologically active
antibody-aminodextran-CdS nanoparticle conjugates. Langmuir
16(7):3107–3118

5. Mamedova NM, Kotov NA, Rogach AL, Studer J (2001) Albumin-
CdTe nanoparticle bioconjugates: preparation, structure, and interunit
energy transfer with antenna effect. Nano Lett 1(6):281–286

6. Mattoussi H, Mauro JM, Goldman ER, Anderson GP, Sundar VC,
Mikulec FV, Bawendi MG (2000) Self-assembly of CdSe-ZnS
quantum dot bioconjugates using an engineered recombinant
protein. J Am Chem Soc 122(49):12142–12150

7. Bruchez M, Moronne M, Gin P, Weiss S, Alivisatos AP (1998)
Semiconductor nanocrystals as fluorescent biological labels.
Science 281(25):2013–2016

8. Jaiswal JK, Mattoussi H, Mauro JM, Simon SM (2003) Long-term
multiple color imaging of live cells using quantum dot bioconju-
gates. Nat Biotechnol 21(1):47–51

9. Peng ZA, Peng XG (2001) Formation of high-quality CdTe,
CdSe, and CdS nanocrystals using CdO as precursor. J Am Chem
Soc 123(1):183–184

10. Reiss P, Bleuse J, Pron A (2002) Highly luminescent CdSe/ZnSe
core/shell nanocrystals of low size dispersion. Nano Lett 2
(7):781–784

Table 2 The determination results of the real samples (n=5)

Sample Labled value (μg/mL) Average found (μg/mL) R.S.D.% Added Total found (μg/mL) Recovery (%)

Vitamin C tablets 15.0 14.96 1.4 15.0 30.76 105

15.0 15.10 1.8 25.0 39.93 99

Vitamin C Yinqiao pills – 13.10 3.7 25.0 38.50 102

1128 J Fluoresc (2011) 21:1123–1129



11. Gerion D, Pinaud F, Williams SC, Parak WJ, Zanchet D, Weiss S,
Alivisatos AP (2001) Synthesis and properties of biocompatible
water-soluble silica-coated CdSe/ZnS semiconductor quantum
dots. J Phys Chem B 105(37):8861–8871

12. Talapin DV, Rogach AL, Mekis N, Haubold S, Kornowski A,
Haase M, Weller H (2002) Synthesis and surface modification of
amino-stabilized CdSe, CdTe and InP nanocrystals. Colloids Surf
A 202(2–3):145–154

13. Gaponik N, Talapin DV, Rogach AL, Hoppe K, Shevchenko EV,
Kornowski A, Eychmüller A, Weller H (2002) Thiol-capping of
CdTe nanocrystals: an alternative to organometallic synthetic
routes. J Phys Chem B 106(29):7177–7185

14. Rogach AL, Katsikas L, Kornowski A, Su DS, Eychmueller A,
Weller H, Berichte der Bunsen-Gesellschaft (1996) Synthesis and
characterization of thiol-stabilized CdTe nanocrystals. Phys Chem
100(11):1772–1778

15. Hines MA, Got-Sionnest P (1996) Synthesis and characterization
of strongly luminescing ZnS-capped CdSe nanocrystals. J Phys
Chem 100(2):468–471

16. Gu ZY, Zou L, Fang Z, Zhu WH, Zhong XH (2008) One-pot
synthesis of highly luminescent CdTe/CdS core/shell nanocrystals
in aqueous phase. Nanotech 19(13):135604

17. Xia YS, Zhu CQ (2008) Aqueous synthesis of type-II core/shell
CdTe/CdSe quantum dots for near-infrared fluorescent sensing of
copper (II). Analyst 133:928–932

18. Zhang Y, Li Y, Yan XP (2009) Aqueous layer-by-layer epitaxy of
type-II CdTe/CdSe quantum dots with near-infrared fluorescence
for bioimaging applications. Small 5(2):185–189

19. Susha AS, Javier AM, Parak WJ, Rogach AL (2006) Luminescent
CdTe nanocrystals as ion probes and pH sensors in aqueous
solutions. Colloids Surf A 281:40–43

20. Yu DH, Wang Z, Liu Y, Jin L, Cheng YM, Zhou JG, Cao SG
(2006) Quantum dot-based pH probe for quick study of enzyme
reaction kinetics. Enzyme Microb Technol 41(1/2):127–132

21. Wang YQ, Ye C, Zhu ZH, Hu YZ (2008) Cadmium telluride
quantum dots as pH-sensitive probes for tiopronin determination.
Anal Chim Acta 610(1):50–56

22. Rumsey SC, Levine M (1998) Absorption, transport, and
disposition of ascorbic acid in humans. J Nutr Biochem 9
(3):116–130

23. Massey LK, Liebman M, Kynast-Gales SA (2005) Ascorbate
increases human oxaluria and kidney stone risk. J Nutr 135
(7):1673–1677

24. Leubolt R, Klein H (1993) Determination of sulphite and ascorbic
acid by high-performance liquid chromatography with electro-
chemical detection. J Chromatogr 640(1–2):271–277

25. Ensafi AA, Rezaei B (1998) Flow injection analysis determination
of ascorbic acid with spectrofluorimetric detection. Anal Lett 31
(2):333–342

26. Spaeth EE, Baptist VH, Roberts M (1962) Rapid potentiometric
determination of ascorbic acid. Anal Chem 34(10):1342

27. Liu ZH, Wang QL, Mao LY, Cai RX (2000) Highly sensitive
spectrofluorimetric determination of ascorbic acid based on its
enhancement effect on a mimetic enzyme-catalyzed reaction. Anal
Chim Acta 413(1):167–173

28. Lee W, Roberts SM, Labbe RF (1997) Ascorbic acid determina-
tion with an automated enzymatic procedure. Clin Chem 43
(1):154–157

29. Xia YS, Zhang TL, Diao XL, Zhu CQ (2007) Measurable
emission color change: size-dependent reversible fluorescence
quenching of CdTe quantum dots by molecular oxygen. Chem
Lett 36(2):242–243

30. Lee S, Daruka I, Kim CS, Barabási AL, Merz JL, Furdyna JK
(1998) Dynamics of ripening of self-assembled II–VI semicon-
ductor quantum dots. Phys Rev Lett 81(16):3479–3482

31. Yu K, Zaman B, Romanova S, Wang DS, Ripmeester JA (2005)
Sequential synthesis of Type II colloidal CdTe/CdSe Core-Shell
nanocrystals. Small 1(3):332–338

32. Alivisatos AP (1996) Perspectives on the physical chemistry of
semiconductor nanocrystals. J Phys Chem 100(31):13226–13239

33. Liu YF, Yu JS (2009) Selective synthesis of CdTe and high
luminescence CdTe/CdS quantum dots: the effect of ligands. J
Colloid Interface Sci 333(2):690–698

34. MY G, Kirstein S, Möhwald H (1998) Strongly photoluminescent
CdTe nanocrystals by proper surface modification. J Phys Chem B
102(43):8360–8363

35. Liu YS, Sun YH, Vernier PT, Liang GH, Chong SY, Gundersen
MA (2007) pH-sensitive photoluminescence of CdSe/ZnSe/ZnS
quantum dots in human ovarian cancer cells. J Phys Chem C 111
(7):2872–2878

J Fluoresc (2011) 21:1123–1129 1129


	Aqueous...
	Abstract
	Introduction
	Experimental
	Apparatus
	Materials
	Preparation of CdTe QDs
	Stock Solutions for Shell Growth
	Preparation of CdTe/CdSe QDs
	Sample Treatment
	Analytical Procedure

	Results and Discussion
	Characterization of CdTe and CdTe/CdSe Core/Shell QDs
	Relationship Between pH and Fluorescence Intensity of the QDs
	Fluorescence Quenching of QDs Caused by Ascorbic Acid
	Optimization of the Analytical Procedure
	Effect of Temperature and Reaction Time
	Effect of the Concentration of the CdTe/CdSe QDs

	Calibration and Sensitivity
	Effect of Foreign Substance
	Quenching Mechanism
	Analytical Applications

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


