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Synthesis and characterization of ZnSe: Ag/SiO2 nanoparticles
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Abstract. Argentum-doped zinc selenide/silicon dioxide nanoparticles (expressed as ZnSe: Ag/Si02) were
synthesized by Stober method. The structure, morphology and fluorescence properties of the quantum dots

were characterized by X-ray powder diffraction, transmission electron microscopy, infrared spectrum,
ultraviolet-visible spectrum and fluorescence spectrum. The results show that the as-prepared ZnSe: Ag/SiO2

nanoparticles are spherical, most of which are about 30 nm in size, and have good fluorescence properties.
Compared with that of ZnSe: Ag nanoparticles, the stability of ZnSe: Ag/SiO2 nanoparticles is enhanced

obviously. The ZnSe: Ag/SiO2 nanoparticles will have potential applications in biological fluorescence

analysis.

1 INTRODUCTION

II-VI group quantum dots (QDs), also known as
semiconductor nanocrystals, have attracted much
attention due to their unique physical and chemical
properties, such as wide and continuous absorption
spectrum, narrow and symmetrical emission spectrum and
photochemical stability.[1-3] Over the years, [I-VI group
quantum dots have been widely used in biological
analysis.[4-6] Zinc selenide (ZnSe) quantum dots are  1I-
VI semiconductor fluorescence materials with low toxicity,
wide band gap (2.69¢V) and unique fluorescence
properties, which are beneficial to their applications in the
field of biological analysis[7]. In 2000, Meijerink et al. [8]
reported for the first time that Mn doped ZnSe quantum
dots synthesized by organometallic synthesis method had
excellent fluorescence properties. The fluorescence
properties of quantum dots can be improved by doping
transition metal ions in the quantum dots.[9] However, in
a complex biological environment, the molecules
modified on the surface of quantum dots tend to fall off
slowly, resulting in a decrease in the stability and
fluorescence intensity of quantum dots, which is not
conducive to the application of quantum dots in the
complex environment.[10] Therefore, in order to improve
the stability of the fluorescent quantum dots, it is a good
solution to coat the surface of quantum dots with non-toxic,
chemically inert and optically transparent silica shell layer.
In addition, there are abundant hydroxyl functional groups
on the surface of SiO2 shell, which can be modified by
silane coupling agent to make the surface of nanoparticles
contain amino groups, so as to better realize the
application of nanoparticles in biomolecular detection.
The method commonly used to prepare SiO2-coated
nanoparticles is Stober method, which has mild and simple
synthesis conditions. For instance, the SiO2-coated zinc
based nanoparticles (e.g. ZnSe/ZnS/SiO,[11], ZnS:

Mn/Si0[12], Mn/ZnS@Si0>-NH,[13] and ZnS/SiO;[14])
were prepared by the Stober method. Up to now, to the
best of our knowledge, the synthesis of SiO,-coated Ag-
doped ZnS nanoparticles (i.e. ZnSe: Ag/SiO,) by Sober
method has not been reported. In this paper, ZnSe:
Ag/Si0; nanoparticles were prepared by Stober method by
coating SiO, on ZnSe: Ag quantum dots reported in our
laboratory [15], and the characterization and fluorescence
properties of the ZnSe: Ag/SiO, nanoparticles were
studied.

2 Experimental

2.1 Instruments and reagents

The X-ray powder diffraction (XRD) patterns were
performed by using an X’pert-MPD Model (Philips,
Andover, MA). Infrared (IR) spectra were measured with
an Equinox 55 FTIR spectrometer (Bruker, Bremen,
Germany). The ultraviolet-visible (UV-Vis) spectra were
obtained by a Cary 50 UV-visible spectrometer (Varian,
Palo Alto, CA). Fluorescence spectra experiments were
carried out by using an F-1000 spectrometer photometer
(Hitachi, Chiyoda, Japan). Transmission electron
microscope experiment were carried out by using a
HT7700 Transmission Electron Microscope (Hitachi
Corporation, Japan).

All the chemicals including Sodium borohydride
(NaBH4), Zinc acetate dihydrate (Zn (Ac),2H>0),
Selenium (Se), Silver nitrate dihydrate (AgNO;3-2H,0), L-
cysteine (L-Cys), Sodium hydroxide (NaOH), tetracthoxy
silane (TEOS), ammonium hydroxide (NH;-H,O), 3-
aminopropyl triethoxy silane (APTES) and Anhydrous
ethanol (C,HsOH) were purchased from Guoyao
Chemical Reagent. The water used in this experiment is
ultrapure water. The preparation of 0.05 mo/ L NaHSe
solution was performed according to the procedure from
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the literature [16].

2.2 Synthesis of ZnSe:Ag/SiO2 nanoparticles

First, under a N2 atmospere, a certain amount of L-
cysteine, 0.1 mol/L Zn (OAc), solution and 0.01 mol/L
AgNO3 solution were sequentially added into a three-neck
flask under magnetic stirring, and the pH value of the
mixed solution was adjusted to 10.0 by adding 2.0 mol/L
NaOH solution. When the temperature of oil bath was
heated to 100°C, a freshly prepared nitrogen-saturated
solution of 0.05 mol/L NaHSe was quickly injected into
the mixed solution and the reaction solution was subjected
to a reflux for 1 hr under vigorous stirring to obtain L-
cysteine-modified ZnSe: Ag QDs colloidal solution. The
solution was then cooled to 30 °C.

Then, L-cysteine modified ZnSe: Ag quantum dots
solution was added to a three-necked flask, the pH value
of the solution was adjusted to 10.0 with 5 wt% ammonia
water under magnetic stirring for 30 minutes, and a certain
volume of tetraethyl orthosilicate solution (TEOS: ethanol
=1:3) and a certain volume of 3-aminopropyl
triethoxysilane (APTES) solution were added. The above
reaction mixture solution reacted in a water bath at 30°C
for 12 hours to obtain ZnSe: Ag/SiO, nanoparticle
colloidal solution. The as-prepared colloidal solution was
concentrated by a rotary evaporator and then purified by
ethanol precipitation procedure to obtain purified ZnSe:
Ag/Si0; nanoparticles powder.

3 Results and discussion

3.1 XRD analysis

The XRD patterns of the as-prepared L-cysteine-modified
ZnSe: Ag quantum dots and ZnSe: Ag/SiO, nanoparticles
are presented in Fig.l. Fig. la shows that the three
diffraction peaks at 20=28.20°, 46.54° and 54.91°
correspond to the (111), (220) and (311) planes of the
standard cubic crystalline ZnSe (JCPDS No.80-0021),
respectively, which indicates that the as-prepared ZnSe:
Ag quantum dots belong to the cubic zinc blende structure.
It can be seen from Fig.1 b that there are three diffraction
peaks at 26=27.45°, 46.47° and 54.43° corresponding to
ZnSe: Ag quantum dots, and another wide diffraction peak
at 26= 23° corresponding to amorphous silicon dioxide
(JCPDS No. 29-0085) [17], which indicates that the SiO-
is coating on the surface of ZnSe: Ag quantum dots.
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Figure 1. XRD patterns of L-cysteine-modified ZnSe: Ag
quantum dots (a) and ZnSe: Ag/SiO> nanoparticles (b)

3.2 TEM analysis

Fig.2 shows the TEM images of ZnSe: Ag/SiO;
nanoparticles. It can be seen that Ag: ZnSe/SiO»
nanoparticles have a spherical structure with average
particle sizei of about 30nm.

Figure 2. TEM image of the ZnSe: Ag/SiO2 nanoparticles

3.3 Infrared spectrum analysis

The Infrared spectra of ZnSe: Ag quantum dots and ZnSe:
Ag/SiO; nanoparticles are shown in Fig. 3 (a), it is can be
found from Fig.3a, IR(KBr): 3416.3cm-1(von),
2924 .4cm-1(vn-n), 1587.7cm-1(ve=0), 1409.4cm-1(vc=0),
1256.7cm-1(vco), 1060 cm-1(ven) and 646 cm-1(ves).
From Fig.3 b, it can be seen that the above vibration peaks
have shifted slightly, and three new absorption peaks
appeared at 1070cm-1(vosio), 921.3cm-1(vsion),
463.9cm-1(vsi.0), respectively. The three new peaks are all
characteristic peaks of silica, indicating that silica is
successfully coated on the ZnSe: Ag quantum dots.
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Figure 3. IR spectra of L-cysteine-modified ZnSe:Ag quantum
dots (a) and ZnSe:Ag/SiO2 nanoparticles (b)

3.4 UV-Vis absorption spectrum analysis

Fig.4 shows the UV-Vis absorption spectra of the as-
prepared ZnSe: Ag quantum dots (a) and ZnSe: Ag/SiO,
nanoparticles (b). As can be seen from Fig.4, compared
with the absorption edge of ZnSe: Ag quantum dots, the
absorption edge of ZnSe: Ag/SiO» nanoparticles show an
obvious red shift, which is attributed to the quantum size
effect. [18]
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Figure 4. UV-Vis absorption spectra of ZnSe: Ag quantum dots
(a) and ZnSe: Ag/SiO2 nanoparticles(b)

3.5 Fluorescence spectrum analysis

Fig.5 presents the fluorescence emission spectra of ZnSe:
Ag quantum dots (a) and ZnSe: Ag/SiO, nanoparticles (b).
Fig.5a shows that ZnSe: Ag has a strong emission peak at
440nm. Compared with the emission peak of ZnSe: Ag
quantum dots, the emission peak of ZnSe: Ag/SiO, shows
a certain degree of red shift, while the fluorescence
intensity decreases slightly. The red shift is caused by the
formation of SiO, shell. The decrease of fluorescence
intensity may be due to the effect of SiO; shell on the
optical refractive index of the fluorescent quantum dot and
the shielding effect on partial emitted light.[10]

Figure 5. Fluorescence spectra of ZnSe quantum dots (a) and
ZnSe: Ag/SiOz nanoparticles (b)

4 CONCLUSION

In this paper, ZnSe: Ag/SiO, composite nanoparticles are
successfully prepared by Stober method. X-ray powder
diffraction analysis, transmission electron microscopy,
infrared spectrum analysis, ultraviolet-visible absorption
spectrum analysis and fluorescence spectrum analysis
show that SiO; is coated on ZnSe: Ag fluorescent quantum
dots, and the ZnSe: Ag/SiO, spherical composite
nanoparticles with an average particle size of 30 nm have
good fluorescence properties. The functional groups on
the silicon dioxide shell of the composite nanoparticles
will provide the possibility for the combination of the
nanoparticle with biomacromolecules, which lays the
foundation for their application in biological analysis.
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