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INTRODUCTION

Copper ion is an important transition metal ion in the

human body, which plays important roles in various biological

processes in organisms ranging from bacteria to mammals1-4.

But high concentration of copper ion can cause oxidative stress

and disorders correlated with neurodegenerative diseases,

including Alzheimer's disease, prion disease, Parkinson’s

diseases and Amyotrophic Lateral Sclerosis5. Therefore it is

important to accurately determine the concentration of Cu2+.

Numerous methods have been proposed for the detection of

copper ion, including atomic absorption spectrometry,

inductively coupled plasma mass spectroscopy and volta-

mmetry6-8. These methods offer good limits of detection and

wide working concentration ranges. However, these methods

may require the use of sophisticated and relatively costly

apparatus.

Chemical sensors, which could overcome these disadvan-

tages, are becoming more and more important for monitoring

metal ion. The most frequently used chemical sensor for Cu2+

detection is organic dye9,10, gold nanomaterials11,12 and

ratiometric sensor13-16. Among these materials, ratiometric

sensors have attracted more and more attention in recent years.

Ratiometric method is an alternative to classical detection

method which based on intensity measurements. It is consi-

dered to be more efficient because it is better resistance to

background and instrumental fluctuations. Furthermore, ratio-

metric method is based on the intensity ratios at two different

wavelengths which make it very useful in eliminating most or
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all ambiguities by self-calibration of two emission bands.

Additionally, ratiometric fluorescent detection can make the

detection process visible17-20. This method has been applied in

biochemistry, metal ion recognition and pH, etc.21-27.

The unique properties of quantum dots (QDs, semi-

conductor nanoparticles), including wide excitation and narrow

emission wavelengths, resistance to photobleaching, along with

high quantum yield in aqueous solutions, make dual emission

quantum dots an alternative to dual emission dye or organic

molecules. Up to now, few quantum dot-based ratiometric

sensors have been reported 28-32. Zhang et al.31 have prepared a

ratiometric fluorescent sensor for the detection of trace

trinitrotoluene explosives. Their method was simple and

efficient. Yao et al.32 designed a ratiometric fluorescence probe

by hybridizing dual-emission quantum dots and demonstrated

its efficiency for on-site visual determination of copper ions.

Compared this synthetic probe method, our method is simple

and save time.

This paper reports a dual-emission fluorescent nanosensor

for Cu2+ detection based on dual-emissions quantum dots. The

synthetic procedure is illustrated in Scheme-I. Silica coated

red emission quantum dots was used as core and GSH modified

green emission quantum dots was used as shell. The photo-

luminescent spectra of the core, shell and dual emission sensor

were also presented in Scheme-I, which proved the new

prepared sensor possess two distinguish emission peak at 520

nm and 604 nm. Binding Cu2+ to the nanosensor can makes it

change from green to orange under UV light irradiation. So it

can be used to detect Cu2+ visually. The synthesis and charac-
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terization of this new material, including particle size, morpho-

logy and fluorescent properties were presented.

EXPERIMENTAL

Cadmium chloride (CdCl2·2.5H2O) and sodium boro-

hydride (NaBH4) were purchased from Shanghai Chemical

Reagents Factory, China. Te powder was purchased from

Sinopharm Chemical Reagent Co., Ltd. Thioglycolic acid

(TGA, 90 %) was obtained from Tianjin Guangfu Fine

Chemical Research Institute, China. 1-[3-(Dimethylamino)-

propyl]-3-ethylcarbodiimide hydrochloride (EDC) and

glutathione were bought from Sheng Gong biological engi-

neering Co., Ltd (Shanghai, China). Tetraethylorthosilicate

(TEOS) was obtained from Tianjin chemical reagent company,

China. Mercaptopropyltrimethoxysilane was purchased from

Fluka chemical company. 3-aminopropyltriethoxysilane

(APTES) was commercially available from J&K Scientific Ltd.

(Beijing, China). All chemicals were of analytical grade and

used as received without further purification. Deionized water

was used throughout the work.

All fluorescence spectra were measured on a RF-5301PC

fluorescence spectrophotometer (Shimadzu, Japan). pH

measurements were performed on pHs-3C (Leici Analytical

Instrument Factory, Shanghai, China). UV light was from a

low intensity UV lamp (365 nm, WFH-203, Shanghai Jingke

Industrial Co. Ltd.). All transmission electron micrographs

were carried out on a Tecnai TF20 transmission electron

microscope (TEM) (FEI, USA).

Preparation and surface modification of silica coated

red CdTe quantum dots: 114.2 g CdCl2·2.5H2O, 63 mL H2O

and 105 µL thioglycolic acid were added into a three-necked

bottle and the pH was adjusted to 9 by 1.25 mol L-1 NaOH

under nitrogen protection. NaHTe was synthesized using 31.9

mg Te powder, 50 mg NaBH4 and 5 mL H2O. Then the two

solutions were mixed under nitrogen protection for 20 min

followed by refluxing at 90 °C for 14 h.

Then the prepared red CdTe quantum dots (40 mL) were

mixed with 80 mL ethanol and 40 µL mercaptopropyltri-

methoxysilane. After the mixture stirred for 6 h at room

temperature, 2 mL TEOS and 2 mL ammonia was added and

stirred for 12 h at room temperature. After that, 100 µL APTES

was added and reacted for 12 h in order to modify the surface

of the particles with amino group. After centrifugation, the

obtained red quantum dots were washed with deionized water

and ethanol. Finally, the product was vacuum dried at 40 °C.

Preparation of glutathione modified green CdTe

quantum dots: Glutathione (GSH)-capped CdTe quantum dots

were synthesized following a method reported by Ying et al.33

with minor modification. Typically, 57.1 mg CdCl2·2.5H2O

and 76.3 mg glutathione were mixed in 50 mL H2O and the

pH of the mixture was adjusted to 8 by using 1.25 mol L-1

NaOH under magnetic stirring. Under pure N2 protection, fresh

NaHTe which was prepared by 8 mg Te, 15.9 mg NaBH4 and

5 mL H2O was injected and the mixture was heated to reflux

for 1 h under N2 protection.

Preparation of dual-emission quantum dots: 5 mg red

quantum dots doped silica nanoparticles and 0.5 mL gluta-

thione modified green quantum dots solution were added to

10 mL NaH2PO4-Na2HPO4 buffer (pH = 9, 0.05 mol L-1), then

2 mg EDC was added and the reaction system was continued

for 2 h.

Procedures for Cu2+ Sensing: A standard stock solution

of Cu2+ (4 ×10-5 mol L-1) was prepared by dissolving an
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Scheme-1: Illustration of the synthetic process of dual emission nanosensor and the corresponding emission spectra of red quantum dots, green quantum dots

(QDs) and the dual emission nanosensor
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appropriate amount of CuSO4·5H2O in water. Stock solutions

of other metal ions were prepared in water with a similar

procedure.

The 1 cm quartz cell was first filled with 3 mL NaH2PO4-

Na2HPO4 buffer solution (pH = 9, 0.05 mol L-1) and 300 µL

the prepared dual-emission quantum dots solution. Then, the

fluorescent spectra were recorded under 360 nm excitation.

The influence of pH on the fluorescent intensity of this new

sensor was conducted under the same procedure except chan-

ging the pH value of the buffer solution (6, 7, 8, 9 and 10).

After the fluorescent intensity recorded, 50 µL 4 × 10-5 mol L-1

Cu2+ solutions were added and the fluorescent intensity were

also recorded. The stability of this new sensor was studied by

measuring its fluorescent intensity in the range of 0-90 min.

The optimum detection time for Cu2+ was studied by measuring

the photoluminescence signal of the new sensor solution after

the addition of 50 µL Cu2+ solutions in the time range of 0-8

min with 1 min intervals. Interference of other metallic ions

on determination of Cu2+ was conducted with the same concen-

tration (4 × 10-5 mol L-1, 50 µL) and procedure. In order to

obtain the calibration curves, different volume (5, 10, 20, 30,

40, 50, 60, 70 and 80 µL) of Cu2+ solution were added to the

sensor solution and recorded their emission signal intensity.

RESULTS AND DISCUSSION

TEM images of prepared dual-emission quantum dots:

The morphology and size of the prepared silica coated red

quantum dots and dual emission nanosensor was characterized

by TEM. Fig. 1a showed the morphology of the prepared silica

coated red quantum dots is spherical and their sizes are about

150 nm. After they conjugated with GSH modified green

quantum dots (Fig. 1b), their particles shape and sizes are not

much changed, but the particles were aggregated at some

extent.

Fig. 1. TEM images of the prepared silica coated red quantum dots (QDs)

(a) and dual-emission QDs (b)

Spectral characteristics of the prepared dual-emission

quantum dots: The optical property of the prepared dual-

emission quantum dots and its response to Cu2+ were charac-

terized by fluorescence spectrophotometer and UV light

irradiation, the results are shown in Fig. 2. It showed that the

prepared new nanosensor solution has two well-resolved

emission peaks at 520 and 604 nm under a single wavelength

excitation and the solution is green under UV irradiation. After

adding 50 µL Cu2+ solution, the emission intensity at 520 nm
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Fig. 2. Fluorescence emission spectra and photograph of the prepared dual emission nanosensor (a) and its response to Cu2+ (b) under UV light irradiation

and their detection mechanism (c)
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decreased evidently (Fig. 2b), whereas the emission intensity

at 604 nm from the encapsulated red quantum dots remains

constant. It proved that the fluorescence intensity of the red

quantum dots of the dual-emission quantum dots was not

influenced by the Cu2+ ions, but the outer glutathione modified

quantum dots can response sensitively to Cu2+ ions. The intensity

ratio variations of the two emission wavelengths make the colour

of the prepared dual emission quantum dots changed from green

to orange, facilitating the detection of Cu2+ by naked eyes.

The mechanism is shown in Fig. 2c. Glutathione (GSH) is

a tripeptide composed of glutamic acid, cysteine and glycine.

The thiol groups of cysteine can be used as capping agent to

prepare highly fluorescent GSH-capped quantum dots (GSH-

QDs). Each GSH molecule also contains one amine and two

carboxylate groups, so GSH-QDs can be used as selective fluore-

scent probes to heavy metal ions34. In this work, glutathione

modified green quantum dots whose fluorescent intensity could

be quenched by Cu2+, but the silica coated red quantum dots

which was insensitive to the outer environment were used as core.

Optimization of detection conditions: In order to achieve

an optimal detection performance, we carefully optimized the

assay conditions, including the pH value of the NaH2PO4-

Na2HPO4 buffer, the stability of the sensor and the signal

changing with time after they reacted with Cu2+.

Effect of buffer pH: The influence of the pH of NaH2PO4-

Na2HPO4 buffer on the performance of the dual emission

quantum dots was carried out in the range of pH from 7 to 10.

The plots of log (I520/I604) and Qp versus pH were shown in

Fig. 3, where I520/I604 was the initial fluorescence intensity ratio

and Qp was the quenching percentage after the addition of

Cu2+ calculated by the following equation:

Qp = %100
)/I(I

)/I(I-)/I(I

2
Cuwithout 

604520

2
Cu with

6045202
Cuwithout 

604520
×

+

++

As shown in Fig. 3, I520/I604 enhanced with increasing pH

from 7 to 9 whereas Qp reduced with the buffer pH increasing.

Theoretically, a higher value of I520/I604 implied a wider

detection range of Cu2+ and a large Qp might improved the

detection sensitivity. In order to achieve wider detection range

and higher detection sensitivity, 9 was chosen as the optimum

pH value for the detection of Cu2+.
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Fig. 3. Effect of NaH2PO4-Na2HPO4 buffer pH on ( ) fluorescence intensity

ratio (I520/I604) of dual emission quantum dots and ( ) and quenching

percentage of the prepared dual emission quantum dots after the

addition of Cu2+, the concentration of Cu2+ is 6.7 × 10-7 mol L-1

Stabilization of fluorescence intensity: In order to inves-

tigate the stabilization of the prepared dual-emission quantum

dots in NaH2PO4-Na2HPO4 buffer solution, the fluorescence

signal was recorded during 90 min (as depicted in Fig. 4). It

was indicated that no significant changes in fluorescent

intensity were observed with time flowing. It showed that the

fluorescence signal of the prepared dual emission quantum

dots is stable during the analytical measurements procedure.
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Fig. 4. Time course of the fluorescence intensity ratio (I520/I604) of dual

emission quantum dots in NaH2PO4-Na2HPO4 buffer solution (50

mmol L-1, pH 9)

Optimization of detection time for Cu2+: As the fluore-

scent signal of the prepared dual emission quantum dots can

be quenched by Cu2+, so it was important to study their signal

evolution with time after the addition of Cu2+. With all the

other experimental conditions fixed, the change of the fluore-

scent signal after the addition of 50 µL Cu2+ solutions was

recorded in 1-8 min. As shown in Fig. 5, log (I520/I604) decreased

significantly from 0.82 to 0.3 after the addition of Cu2+ in 1 min.

Then log (I520/I604) decreased slightly during the period of 2-

4 min and kept stable after 4 min. So 5 min was chosen as the

optimum detection time after the addition of Cu2+.

To sum up, the optimum detection conditions were as

follows: the pH of the buffer was 9, the detect time was 5 min

after the addition of Cu2+.
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Fig. 5. Fluorescence intensity ratio (I520/I604) variations of the prepared dual-

emission nanosensors with time in the presence of Cu2+
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Method validation: Fluorescence spectra of the dual

emission nanosensor solution in the presence of different

amount of Cu2+ and calibration curves were investigated under

the optimum conditions and the results are shown in Fig. 6.

Fig. 6a showed that the emission intensity at 520 nm decreases

linearly with the concentration of Cu2+. Fig. 6b displays the

fluorescence spectra of the ratiometric sensor as a function of

the concentration of Cu2+, a good linear relationship (R = 0.996)

was found between the logarithm of (I520/I604) and the

concentration of Cu2+ over the range from 6.7 × 10-8-8 × 10-7

mol L-1. The detection limit is calculated to be 2.5 × 10-8 mol

L-1.

Fig. 7 displayed the photograph of GSH-modified CdTe

quantum dots (a) and the prepared dual emission quantum

dots (b) in the presence of different volume of Cu2+ standard

solutions under the optimum conditions. It is obvious that the

colour of the GSH-modified CdTe quantum dots is green under

the UV light irradiation and the colour shallowed by increasing

the Cu2+ concentration. However, the decrease of the green

emission of the dual emission quantum dots cause the colour

of the prepared dual emission quantum dots gradually changed

from green to red, facilitating the detection of Cu2+ by naked

eyes.

Fig. 7. Photograph GSH-modified CdTe quantum dots (a) and the prepared

dual emission quantum dots (b) in the presence of different volume

of Cu2+ under UV irradiation

Interference of other metallic ions in determination of

Cu2+: In order to investigate the selectivity of the dual-emission

nanosensor for the determination of Cu2+, it is important to

evaluate the interference effect of some common foreign ions.

Concentrations of all ions tested in the experiment were the

same as that of the Cu2+ ion and the results was shown in Fig. 8.

The fluorescence intensity of the prepared new sensor was

quenched to different extent by Cu2+, Ni2+, Zn2+, Mg2+, Cr3+,

Pb2+, Fe3+, K+ and Na+ ions in the buffer solution. The result

shows that Zn2+, Mg2+, Cr3+, Pb2+, Fe3+, K+ and Na+ did not

interfere the determination of Cu2+. The luminescence intensity

of the dual emission nanosensor is minimally affected by Ni2+.

As reported by the previous studies, Cu2+ detection is known

to be interfered by Ni2+ because both ions form complexes

with nitrogen containing functional group35.
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Applications: In order to further explore the practicability

of the proposed method, it was applied for detecting Cu2+ in

tap water. The determination results were shown in Table-1.

Additionally, recoveries were investigated by adding a known

amount of Cu2+ to the water samples to demonstrate the

accuracy of the method. The result showed that the recoveries

for Cu2+ at three spiked levels ranging from 94 to 105 %. Good

recovery for Cu2+ suggested that this method was largely free
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from the sample matrix effect of the water. For nine replicate

measurements, the standard deviation of a solution containing

6.67 × 10-8, 13.3 × 10-8 and 20 × 10-8 mol L-1 Cu2+ is 6.8, 5.4

and 0.9 %, which indicated a good reproducibility of the

method.

Conclusion

A new nanosensor for detecting copper ions based on dual-

emission quantum dots was prepared and characterized. The

experimental results indicated that this new prepared dual-

emission nanosensor can be applied to visually detect copper

ions in water samples and the detection limit is 2.5 × 10-8 mol

L-1. This method may be useful for further research and

practical applications of the novel dual emission nanosensor

in the detection of other toxic materials.
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