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Abstract: In this note, we describe a simple method of synthesis
of ZnS quantum dots doped with Cu, and studies of their funda-
mental properties. The obtained quantum dots show high fluo-
rescence intensity excited at 297 nm the maximum of emission at
460 nm. The intensity of their fluorescence grows slightly with
the increase of pH. They are stable in solution for four weeks,
and then their fluorescence decreases dramatically. Their fluo-
rescence was quenched by oxygen and at the absence of oxygen
increased several times with about 10 mn shift of the maximum
towards longer wavelengths. The highest increase was observed
at pH 6 and 7. The quenching of fluorescence of quantum dots
by oxygen obeys the Stern-Volmer equation. Finally quenching
constants were evaluated.

1. Introduction

For several years, QDs, semiconductor nanocrystals, consisting of elements of groups II
- VI or III - V, have been enjoying increasing popularity due to their interesting optical
properties such as broad absorption band, narrow and symmetrical emission band,
size-dependent photoluminescence, high emission quantum yield, good resistance to
photobleaching and stability in aqueous solutions. However, QD containing elements
such as Cd and Hg are of limited use in living organisms because of their toxicity
(Jamieson et al., 2007; Khani et al., 2011; Li et al., 2010). For this reason, more
efforts are made to obtain ZnS QDs doped with transition metals, not posing such
a risk. In this article, we will briefly describe the properties of ZnS quantum dots
doped with copper (Zhong et al., 2012; Sung and Lo, 2012) in the perspective of their
usage in optical biosensor for glucose.

2. Experimental section

2.1. Materials

ZnSO4 7H2O (≥ 99.0%) was purchased from Sigma Aldrich (Germany), CuSO4 ·
5H2O and Na2S 9H2O were purchased from POCH S.A. (Poland), Mercaptopropionic
acid (MPA) (≥ 99.0%) was purchased from Fluka (Germany). Distillate water was
used throughout.
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2.2. Synthesis of Cu-doped quantum dots

ZnS:Cu quantum dots were prepared according to (Chen et al., 2012) with slight
modifications. 4.9 ml of 0.1 M ZnSO4, 0.1 ml of 0.1 M CuSO4 and 0.17 ml of MPA
were mixed together, added with water to obtain final volume 50 ml and adjusted to
pH, 11.5. This mixture was heated for 30 minutes at 95◦C. Then the mixture was
cooled to room temperature and QDs were precipitated with 75 ml of ethanol. QDs
were harvested by centrifugation, washed with ethanol and dried overnight at 40◦C.

2.3. Apparatus and measurements

Apparatus: Absorbance spectra were recorded with spectrophometer Nicolet Evo-
lution 300 (Thermo Spectronic). Fluorescence measurements were made with spec-
trofluorometer FluoroMax4 (Jobin Yvon). Oxygen concentration was measured using
galvanic silver-zinc oxygen electrode CTN-920.S (MES-EKO, City,Wroclaw, Poland)
connected with oxygen meter CO-551 (Elmetron, Zabrze, Poland).

The stock solution of QDs was prepared as follows: 10 mg of Cu:ZnS QDs were
dissolved in 2 mL of 0.01 M phosphate buffer, pH 7. For measurements 100 µL of
stock solution was added to 10 mL flask and dissolved with buffer. Measurements
were done with quartz cuvettes filled with 3 mL of QDs solution.

2.4. Quenching experiments

Briefly, 5 mg of QDs were dissolved in 100 mL of 0.01 M phosphate buffer at pH 6 or
7. The obtained solution was aerated for 15 minutes, by intense mixing. Oxygen from
the solution was eliminated by purging it with nitrogen in a closed vessel, mixing and
control of oxygen level by oxygen meter. Samples of fluorescence measurements were
taken out for every 10 % decrease of oxygen saturation.

3. Results and discussion

3.1. Optical properties of obtained quantum dots

Fig. 1 presents the absorbance and emission fluorescence spectra of a freshly pre-
pared solution of QDs.The radius of obtained QDs was evaluated as 1.7 nm from the
absorbance spectrum (Khani et al, 2012). It can be seen that the absorption band
is observed as a shoulder at 297 nm. The fluorescence spectra were recorded using
an excitation wavelength of 297 nm and the maximum of fluorescence emission was
observed at about 460 nm. The results are similar to those obtained by other authors
(Zheng et al., 2008).

3.2. Influence of pH on QDs fluorescence

Because preliminary experiments with QDs and glucose oxidase (not presented in this
work) suggested that QDs fluorescence is quenched by oxygen, the measurements were
done in the presence and absence of oxygen. Oxygen was eliminated by addition of
excess of Na2SO3, which reacts with oxygen as follows:

2Na2SO3 +O2 → Na2SO4
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Fig. 2A shows fluorescence spectra of QDs at different pHs ranging from 4 to 10.
At the acid environment the lowest fluorescence of QDs was observed, which suggests
quenching of emission intensity by high proton concentration. It is likely that they
interacted with sulfur or hydroxyl groups at the surface of QDs (Wu and Chen, 2012;
Chen et al., 2012). The highest fluorescence observed at pHs 6 and 7 at the absence of

Fig. 1. Absorption and fluorescence emission spectra of Cu-doped ZnS QDs. Absorp-
tion spectrum (-), emission spectrum (—) for λex = 297 nm

Fig. 2. (A) Fluorescence emission spectra of Cu-doped QDs at different pHs at the
presence and absence of oxygen excited at 297 nm, (B) Dependence of fluores-
cence intensity at a maximum on pH in the presence and absence of oxygen
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oxygen and it was decided to do further studies for these values (Fig. 2B). Elimination
of oxygen caused the increase of fluorescence intensity several times with the shift of
the maximum to longer wavelengths by about 10 nm.

3.3. Stability of QDs in solution

One of the objectives of this study is to determine the properties of QDs depending
on the time of storage in a water solution. The stability of QDs was observed for
5 weeks by repeated absorbance and fluorescence measurements. Some results could
even be seen by the naked eye, for example, coagulation of QDs, and change of their
colour into green, especially in the fifth week. QDs showed good stability for about
four weeks. After this time, their fluorescence decreased dramatically (Fig. 3).

3.4. Quenching of QDs fluorescence by oxygen

Oxygen is one of the best known dynamic fluorescence quenchers (Lakowicz, 2006).
Studies included influence of O2 on ZnS:Cu QDs. As it was shown in Fig. 4, after
the complete removal of oxygen fluorescence increased several times and the emission
maximum shifted about 10 nm towards longer wavelengths.

Quenching of fluorescence is described by the Stern-Volmer equation.

I0
I

= 1 +KSV [Q]

IO – fluorescence intensity in the absence of a quencher
I – fluorescence intensity in the presence of a quencher.
[Q] – quencher concentration
KSV – Stern–Volmer quenching constant.
Assuming that oxygen concentration in a solution saturated with it from air at

atmospheric pressure and temperature 25◦C is 0.256 mmol/L, and knowing the level

Fig. 3. Dependence of fluorescence intensity at a maximum excited at 297 nm of QDs
as a function of storage time
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Tab. 1. Stern-Volmer constants
λ ex [nm] KSV [mM−1]

pH 6 pH 7

297 2.89 ± 0.16 4.37 ± 0.41

325 3.90 ± 0.18 5.23 ± 0.22

of saturation, oxygen concentration was calculated. The insert at Fig. 4 shows the
Stern-Volmer plot for emission quenching of QDs by oxygen. It clearly confirms the
quenching of QDs fluorescence by molecular oxygen. In fluorescence excitation spectra
(not shown), apart from the main maximum at 297 nm, a shoulder at 325 nm was
observed. This is the ground why the fluorescence measurements were done for this
two wavelengths. The obtained Stern-Volmer constants are collected in Table 1.

4. Conclusions

Summarizing, the obtained ZnS:Cu QDs have the highest fluorescence at pH 7 and
6. Their stability in a solution is good for up to about four weeks, later followed by a
large decrease of fluorescence most probably caused by hydrolysis. The fluorescence
of ZnS:Cu QDs is quenched by oxygen. This fact shows that they have promising
properties for application in an optical biosensor for glucose with glucose oxidase.
This will be examined in further experiments.

Fig. 4. Fluorescence emission spectra as a function of oxygen concentration. Insert:
Stern-Volmer plots for the QDs fluorescence quenching by oxygen.
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