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ABSTRACT 
 
Quantum dots (semiconductors nanocrystals) have brought a promising field to develop a new generation of 
luminescent biomarkers. The use of lanthanides ions as luminescent markers has many advantages, for example 
a security method, low cost, high specificity and also the luminescence can be promptly measured with high 
sensibility and accuracy.  These luminescent dots are functionalized with biomolecules.  For the luminophore 
particle to be connect with biologicals molecules (for example covalent antibody) is necessary a previous 
chemical treatment to modify luminophore particle surface and this process is called functionalization. A prior 
chemical treatment with changes on the surface luminophore particle is necessary to couple the luminophore to 
biological molecules. This process can be used as coating which can protect these particles from being 
dissolved by acid as well as provide functional groups for biological conjugation. This work presents a 
photoluminescence study of nanoparticles based on tin/yttrium mixed oxides doped with terbium 
(SnO2/Y2O3:Tb3+), synthesized by coprecipitation method. The nanoparticles were submitted to thermal 
treatment and characterized by X-Ray Powder Diffraction (XRD) that showed cassiterite phase formation and 
the influence of thermal treatment on nanoparticles structures. These nanoparticles going to be functionalized 
with a natural polysaccharide (chitosan) in order to form microspheres. These microspheres going to be 
irradiated with gamma radiation to sterilization and it can be evaluated if the nanoparticles are resistant to 
irradiation and they don’t lose functionality with this process.  
 
 

1. INTRODUCTION 
 
 
Nanoparticles have been developed mostly to be used in a chemical and technologic field. 
Quantum dots studies (nanocrystal semiconductors) have brought a promising field to 
develop a new generation of luminescent biomarkers. [1] The luminescent biomarkers have a 
wide range of applications, one is biological assay to detected many different diseases. This 
method is fluoroimmunoassay and it is used to enzyme, antibody, cells, hormones  
research [2]. 
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Since some of lanthanide ions, especially Eu3+ and Tb3+, were found to show good 
luminescence characteristics (high color purity) based on the 4f electronic transitions, a 
variety of rare earth compounds  activated by Eu3+ and Tb3+ have been studied for practical 
applications as phosphors [3]. Trivalent terbium ion (Tb3+) doped nanocrystals have aroused 
vast interest due to their excellent luminescent property. Tb3+-doped materials are well-
known for good PL (photoluminescence) characteristics from a 5D4→

7FJ transition in the 
visible range [4]. 

 
 

The biomarkers are usually organic pigments and they show toxicity problems, short time life 
and large spectral profile unlike rare earth biomarkers that allow quickly measured 
luminescence with high sensibility and accuracy, besides they are biocompatible and 
nontoxic [2]. 

 
 

In order to connect biological molecules luminophore particle it is necessary a previous 
chemical treatment to modify luminophore particle surface (functionalization), once particles 
of rare earth oxides are water insoluble and they are dissolved by acid during activation and 
conjugation, losing their optical proprieties. This process can be used as coating which can 
protect these particles from being dissolved by acid as well as provide functional groups for 
biological conjugation [5]. 
 
 

2. EXPERIMENTAL SECTION  
 
 
The mixed oxide SnO2/Y2O3:Tb3+ was prepared by neutralization of a mixing solution of tin 
(IV) chloride, yttrium (III) chloride and terbium chloride with ammonia solution, until pH7, 
in a batch reactor. The particles were aged in the solution liquor for 48h. The precipitated 
was very thin therefore it was opted to the migration of chloride ions using cellophane 
membranes where the gradient used for the separation was the difference in concentration of 
chloride ions in solution. For analytical control of chloride ions it was made a test with 
AgNO3. After removal of chloride ions, the material was dried at 110 ºC in a heater. The 
sample thermal treatment was performed at 300, 500 and 876 ºC.  
 
 
The mixed oxide was characterized by X-Ray Powder Diffraction Method (XRD) to different 
annealing temperatures. Crystalline phase was identified by MiniFlex II Higaku X-ray 
diffraction by using Cu Kα radiation with 2θ from 5 to 80º  
 
 
Steady-state excitation and emission spectra at liquid nitrogen temperatures were recorded at 
an angle of 22.5° (front face) with a spectrofluorimeter (SPEX-Fluorolog 2) with double 
grating 0.22 m monochromator (SPEX 1680), and a 450 W Xenon lamp as excitation source. 
All spectra were recorded using a detector mode correction. 
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3. RESULTS AND DISCUSSION 

 

 

3.1 X-Ray Powder Diffraction 

 

 
Figure. 1 shows the XRD patterns of the as-made SnO2/Y2O3:Tb3+ and heat treated at 
different temperatures for 1h. The as-made SnO2/Y2O3:Tb3+ is completely amorphous with 
noncrystalline diffraction peaks. After heat treatment, the diffraction peaks of 
SnO2/Y2O3:Tb3+ can be easily assigned cassiterite majority phase. [6-8] with lines of 
diffraction in 2θ: 26.66; 36.69; 51.78 and 64.71 referent to SnO2, that are consistent with the 
data of standards ICDD (01-075-2893 and 01-088-0287). Moreover, the width of the peaks 
becomes sharper with higher heat-treatment temperature, which indicates the gradual 
formation of nanocrystal. From the obtained peak width of XRD patterns, the crystal size of 
SnO2/Y2O3:Tb3+ can be calculated by the Scherrer formula: 
 

Dhkl =  (1) 

 
where Dhkl is the crystal size at the vertical direction of (hkl), λ is the wavelength of X-
ray(Cu Kα: 1.541 Å ), θ the angle of diffraction, β the full-width at half-maximum (FWHM) 
of the diffraction peak and the constant K is equal to 0.89.  
 
 
The crystal size of SnO2/Y2O3:Tb3 was plotted as a function of heat-treatment temperature in 
Fig. 2. With the increase of heat-treatment temperature, the SnO2/Y2O3:Tb3+ nanocrystals 
sizes increases from about 1.7 up to 4.6 nm.  
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Figure 1. X-ray powder diffraction of SnO2/Y2O3:Tb

3+
 

annealed at 110 ºC, 300 ºC, 500 ºC and 876 ºC. 
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Figure 2. Crystalline size plotted against annealing 

temperature for SnO2/Y2O3:Tb
3+ 

 

 

 

3.2 Photoluminescence study 

 

 
The excitation spectrum, Fig. 3, of the SnO2/Y2O3:Tb3+ recorded at 77 K monitoring in the 
5D4→

7F5 transition (544 nm) consists of a broad band in the range from 250 to 375 nm, 
attributed to the O→Sn semiconductor  transition [9]. In addition to this band, narrow bands 
arising from 4f–4f transitions from the ground state 7F6 level to the 5L9 (349.5), 5L10 (367), 
5G6 (375), 5D4 (482) and to excited states levels 5D3→

7F5, 
7F6 ,423 and 449 nm, are observed. 

The semiconductor band with charge transfer between O→Sn are shifted to the region of 
lower energy, in direction of red region, with increase of annealing temperature and 
crystallite size. However, the relative intensity of the broad band is higher than those 
centered on the Tb3+ ion, suggesting that the indirect excitation processes of the metal ion via 
Sn→O semiconductor bands are more operative. It was also observed in the excitation 
spectra, that the structure of SnO2/Y2O3:Tb3+ exchange with the thermal treatment. The 
SnO2/Y2O3:Tb3+ spectra annealed at 110 and 300 ºC present the transition 7F6→

5L9 at ca 
394.5nm whereas at 500 and 876 ºC these transition disappear and two new bands appear at 
423 and 449 nm as commented above.  
 
 
The emission spectra of SnO2/Y2O3:Tb3+, with excitation monitored at 377 nm is shown in 
Fig. 4. These spectra display characteristic narrow emission bands assigned to the 5D4→

7FJ 
transitions (J = 3, 4, 5 and 6). The strongest emissions for J=5 with maxima at around 544 nm 
correspond to the characteristic green emission of Tb3+

, 5D4→
7F5 transition, that is the most 

prominent which is extremely sensitive to chemical environment around this ion. The 
emission spectra also exhibits no bands arising from the O→Sn semiconductor  transition, 
indicating there is an efficient intramolecular energy transfer from the matrix to the Tb3+ ion. 
Due to the shielding effect of 4f electrons by 5s and 5p electrons in outer shells in the Tb3+ 

ion, narrow emission peaks were expected, consistent with the sharp peak in Fig. 4. 
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Figure 3. Excitation spectra obtained at 77K monitored at 

544nm to SnO2/Y2O3:Tb
3+

 annealed at 110 ºC, 300 ºC, 500 ºC 

and 876 ºC. 
 

 

480 560 640

In
te

n
s
it
y
 (

a
.u

.)

λ (nm)

 120 ºC

 300 ºC

 500 ºC

 876 ºC

 
Figure 4. Comparison emission spectra obtained at 77K 

monitored at 377 nm to SnO2/Y2O3:Tb
3+

 annealed at 110 ºC,  

300 ºC, 500 ºC and 876 ºC. 
 

 

 

Fig. 5 shows the integrated intensity of green (5D4→
7FJ), are plotted as a function of heat-

treatment temperature. It was also observed that, all the emission decreased with increasing 
of annealing temperature and until 500 ºC the PL intensity of 5D4→

7F5 transition (green 
component) dominates that of 5D4→

7F3 one (red component) [10,11]. 
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Figure 5. Evolution versus annealing temperature of the 

integrated PL intensities relatives to the 
5
D4→→→→7

FJ (J=6-3) 

transitions of terbium in SnO2/Y2O3:Tb
3+

 (emission spectra 

obtained at 77K monitored excitation at 377 nm). 

 

 
 

 
 

Figure 6. CIE (x,y) diagram displaying emission color coordinates 

of SnO2/Y2O3:Tb
3+

 annealed at 110 ºC, 300 ºC, 500 ºC and 876 ºC. 

excited at  377 nm (room temperature). 

 
 
 

Colour purity can be visualized in the chromaticity diagram (Fig. 6), as blue, red, and green 
vertex regions, with the emission colour coordinates of the luminescent material. The CIE 
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(Comission Internacionale de l’Eclairage) chromaticity diagram of SnO2/Y2O3:Tb3+  sample 
at different temperature were obtained using a Spectra Lux Software v.2.0 Beta [12]. For any 
given colour there is one setting for each three numbers X, Y and Z known as tristimulus 
values that will produce a match [13,14]. Based on emission spectra of SnO2/Y2O3:Tb3+ 
samples, the (x,y) colour coordinates were determined with the following values (x,y) = 
(0.27, 0.48), (0.34, 0.50), (0.26, 0.44) and (0.27, 0.39) for the samples heated at different 
temperatures 110, 300, 500 and 876 °C, respectively. 

 
 

4. CONCLUSIONS  
 
 
Nanostructured Tb3+-doped SnO2/Y2O3  particles have been synthesized using a modified sol-
gel method. X-ray powder diffraction show the SnO2/Y2O3:Tb3+ can be easily assigned 
cassiterite majority phase. It was found the increasing of SnO2/Y2O3  crystal size with the 
annealing temperature. The PL emission intensities of 5D4→

7FJ (J = 6–3) transitions of Tb3+ 
ions were dependent on the annealing temperature. Additionally, the SnO2/Y2O3:Tb3+ is a 
potential candidate as emitter in photonic systems. 
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