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Abstract: Yellow light emitting Mn2+−doped β−Zn2SiO4 phosphor nanoparticles embedded in SiO2 host matrix, 
were prepared by a simple solid-phase reaction under natural atmosphere at 1500 °C for 2 hours after the 
incorporation of manganese doped zinc oxide nanoparticles in silica using sol-gel method. The 
SiO2/Zn2SiO4:Mn nanocomposite was characterized by X-ray diffraction (XRD), transmission electron 
microscopy (TEM), scanning electron microscopy (SEM) and photoluminescence (PL). The nanopowder was 
crystallized in triclinic β−Zn2SiO4 phase with a particles size varies between 70 nm and 84 nm. The 
SiO2/β−Zn2SiO4:Mn nanocomposite exhibited a broad yellow emission band at 575 nm under UV excitation 
light. The dependence of the intensity and energy position of the obtained PL band on measurement temperature 
and power excitation will be discussed. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Nanoparticles have recently been recognized 
tremendous potential in the area of photonic 
applications [1]. Combining the promising optical 
properties of transition metal (TM) ions and 
nanoparticles, the study of excited state dynamics of 
TM ions in nanoscale environment is important. In 
case of transition metals ions, the electronic d–d 
transitions involve electrons which are localized in 
atomic orbitals of the ions. The host lattice of 
Zn2SiO4 containing Eu3+, Mn2+ or Ce3+ dopant ions 
covers the red, green, and blue portions of the visible 
spectrum, respectively [2–4]. The emissions bands at 
525 nm (α-Zn2SiO4:Mn) and 576 nm (β-Zn2SiO4:Mn) 

are due to the spin-forbidden 4T1g−6A1g transition of 
the 3d5 electronic configuration of isolated Mn2+ [5]. 
Among polymorphic zinc silicate, the α-phase 
appears to be the stable form, while the β-phase is 
metastable and can only occur under a certain 
condition [6]. For examples, Mai and Feldmann [7] 
synthesized Mn doped β-Zn2SiO4 by melting and 
rapidly cooling mixtures of Zn2SiO4 composition 
from 750 °C. Taghavinia et al. [8] grew β-Zn2SiO4 
particles inside oxidized porous silicon by annealing 
zinc and manganese salts up to 1050 °C for 30 min as 
a major product, but α-Zn2SiO4 becomes dominate 
phase by increasing the annealing time to more than 
15 h [9−11].  
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In this paper, we report a novel sol–gel process to 
synthesize nanosized of ZnO:Mn and  
SiO2/Zn2SiO4:Mn nanocomposite. However, the 
optical and structural properties of this  
SiO2/β-Zn2SiO4:Mn2+ nanocomposite was not studied 
in detail. Here we report how to synthesize yellow-
emitting, in an easy and reproducible way, and will 
identify the source of luminescence. The in-situ 
synthesize used process give the sample more 
stability in time. 

 
 

2. Experimental Details 
 

2.1. Synthesis Process of SiO2/Zn2SiO4:Mn 
Nanocomposites 

 
The samples were prepared by a sol–gel method 

based on L. El Mir et al. protocol [12-14]. In the first 
step, nanoparticles aerogel were obtained by 
supercritical drying in ethyl alcohol (EtOH). In the 
second step, we have prepared ZnO:Mn confined in 
aerogel according to the following process: 0.5 ml of 
TEOS was first dissolved in EtOH. Then, with 
constant stirring of the mixture of TEOS and EtOH, 
0.44 ml of water and 30 mg of ZnO:Mn powder 
prepared in the first step was added. The whole 
solution was stirred for about 30 min, resulting in the 
formation of a uniform sol. The sol was transferred to 
tube in an ultrasonic bath where 100 μl of fluoride 
acid was added. The wet gel was formed in a few 
seconds. Monolithic and transparent aerogel was 
obtained by supercritical drying in EtOH as described 
in the first step. Finally, silica glasses containing 
ZnO:Mn and Zn2SiO4 particles were obtained after 
firing the aerogel at high temperature. The aerogel 
was put into a furnace and heated up to the 
densification temperature at a heating rate of 50 °C/h. 
After this step, we performed a heat treatment in air 
at 1500 °C for two hours in order to obtain the 
SiO2/β-Zn2SiO4:Mn nanocomposites. The 
densification temperature selected (1500 °C), was 
still lower than the fusion temperature of glasses, and 
the formation of macro-fissures did not occur. The 
density achieved at increasing temperature shows two 
transitions: the first one situated near 700 °C was 
attributed to the disappearance of the micropores and 
small mesopores in the aerogel whereas the second 
one located at 1200 °C was attributed to the final 
densification to glass with a density of about 2 [15]. 

 
 

2.2. Characterization 
 

The crystalline phases of annealed powders were 
identified by X-ray diffraction (XRD) using a Bruker 
D5005 powder X-ray diffractometer using a CoKα 
source (1.78901 Å radiation). Crystallite sizes (G, in 
Å) were estimated from the Scherrer’s equation [16]: 
  

 0.9

cos
G

B B

λ
θ

= , (1) 

where λ is the X-ray wavelength (1.78901 Å), θΒ   is 
the maximum of the Bragg diffraction peak  
(in radians) and B is the linewidth at half maximum.  

Scanning electron microscope (SEM, JEOL JSM-
6300) and transmission electron microscopy (TEM, 
JEM-200CX) were used to study the morphology and 
particle size of the phosphor powders. The specimens 
for TEM were prepared by putting the as-grown 
products in EtOH and immersing them in an 
ultrasonic bath for 15 min, then dropping a few drops 
of the resulting suspension containing the synthesized 
materials onto TEM grid.  

The measurements of photoluminescent excitation 
and emission spectra, as well as temperature-
dependent PL spectra of the nanocomposites, were 
analyzed out using a Jobin-Yvon Spectrometer 
HR460 and a multichannel CCD detector  
(2000 pixels), equipped with a 450-W Xenon lamp as 
the excitation light source. The low temperature 
experiments were carried out in a Janis VPF-600 
Dewar with variable temperature controlled between 
78 K and 300 K. 
  
 
3. Results and Discussions  
 
3.1. Structural Studies 
 

Fig. 1 shows the XRD patterns of 
SiO2/β−Zn2SiO4:Mn nanocomposite synthesized by 
sol-gel process. It is found that the sample is indexed 
to triclinic symmetry, such as the lattice parameters 
are a = 5.09 Å , b = 9.95 Å and c = 15.89 Å , these 
lattice parameter are very close to β-Zn2SiO4 ones, 
i.e., a = 5.1 Å , b = 9.94 Å and c = 15.9 Å  [7,17,18].  
 
 

 
 

Fig. 1. X-ray diffraction pattern of the SiO2/β−Zn2SiO4:Mn 
nanocomposite. 

 
 

We can clearly see the existence a single phase of 
β−Zn2SiO4 (JCPDS No. 19-1479) [7] at high 
temperature (1500 °C), where the XRD intensity of 
the sample is high because of its high crystallinity. 
Nevertheless, the correspondence is enough to claim 
that it is a β−phase. The pattern represents only one 
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phase, demonstrating that the sample comprises 
β−Zn2SiO4 particles embedded in a silica matrix. The 
result further confirms that Zn2+ ions can be replaced 
by Mn2+ ions within zinc silicate lattice in large scale 
of molar ratio due to their similar ionic radii (0.80 Å 
for Mn2+ and 0.74 Å for Zn2+). Like previously, 
according to the Scherrer formula (1), we found the 
sizes of nanoparticles for both nanocomposites 
β−Zn2SiO4, vary between 70 and 80 nm [15]. 

SEM (Fig. 2) and TEM (Fig. 3) observations 
show that very small β−Zn2SiO4:Mn particles are 
present in the as-prepared nanocomposite. The size of 
the majority of β−Zn2SiO4:Mn particles in this 
powder varied between 75 and 90 nm [7, 15]. Taking 
into account the results of crystallite size 
measurements by XRD, it can be concluded that the 
crystallite size is approximately equal to the particle 
size in β−Zn2SiO4:Mn powder prepared in the present 
work. 
 
 

 
 
Fig. 2. SEM photograph showing the general morphology 

of the SiO2/β−Zn2SiO4:Mn nanocomposite. 
 
 

 
 
Fig. 3. TEM photograph showing the general morphology 

of the SiO2/β−Zn2SiO4:Mn nanocomposite. 
 
 

3.2. Optical Properties 
 

Fig. 4. shows the typical PL spectra of 
SiO2/β−Zn2SiO4:Mn nanocomposite prepared at  

1500 °C for 2 h. The yellow emission spectra in  
Fig. 4 excited by 255 nm agree well with the 
literature value which has been assigned to an 
electronic transition of 4T1(4G)→6A1(6S) peaking 
around the wavelength of 575 nm and which is a 
parity forbidden emission transition of Mn2+ ions [8, 
17, 18]. Fig. 5 shows the excitation spectra of the 
SiO2/β−Zn2SiO4:Mn nanocomposite measured for 
575 nm emission. 
 
 

 
 

Fig. 4. PL spectrum of a typical SiO2/β−Zn2SiO4:Mn 
nanocomposite. 

 
 

The excitation spectrum shows an excitation band 
ranging from 220 to 300 nm with a maximum at 
around 255 nm, which mainly corresponds to charge 
transfer transition (or the ionization of manganese) 
from the divalent manganese ground state (Mn2+) to 
the conduction band (CB) [8,18].  
 
 

 
 

Fig. 5. PLE spectrum of a typical SiO2/β−Zn2SiO4:Mn 
nanocomposite. 

  
 

The tendency of excitation intensity is similar to 
that of emission as seen in Fig. 4, thus the most 
efficient excitation of charge transfer leads to the 
maximum emission intensity. The radiative transition 
in the β−phase corresponds to 4T1→6A1 transition in 
Mn ion. Increasing the crystal field is known to shift 
the emission of Mn2+ towards longer wavelengths [8]. 

60 m 

Zn2SiO4 :Mn 

SiO2  

200 nm 
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This implies that Mn ions in β-phase feel a stronger 
crystal field. We do not know whether this effect is a 
result of shorter Mn–O bonds or is related to the 
difference in the coordination number. It should be 
noted that the yellow emission of 
SiO2/β−Zn2SiO4:Mn nanocomposite synthesized by 
the sol-gel process is based on the 4T1(4G)→6A1(6S) 
transition of 3d5 electrons in the Mn2+ ion, which is 
the same as that for material synthesized by the solid-
state reaction process [17]. 
 
 
4. Conclusions 
 

Yellow light emitting SiO2/β−Zn2SiO4:Mn 
nanocomposite was produced using a slightly 
modified version of the conventional sol-gel method 
used to synthesize silica aerogels reached by 
nanoparticles. The nanocomposite materials had 
monolithic structures with well dispersed luminescent 
nanoparticles in silica network. The X-ray 
diffraction, SEM and TEM show a crystalline phase 
β−Zn2SiO4 with a particle size ranging between  
75 and 80 nm. The addition of manganese enhanced 
the crystallization of β−Zn2SiO4:Mn crystals. The PL 
spectrum of our Mn2+ doped β−Zn2SiO4 phosphor 
particles, under UV irradiation at 255 nm is shown a 
emission located at 575 nm, attributable to the 
4T1(4G)→6A1(6S) transition in Mn2+ doping centers. 
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