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Abstract 
In this work, several nanostructures (nanopowders and nanostars) of undoped and 1%, 3% and 5% europium (Eu3+)-doped ZnO have been 
synthesized via coprecipitation method using oxalic acid and sodium hydroxide as precipitation agents. Starting from zinc acetate and 
europium acetate, nanopowders were obtained by coprecipitation with oxalic acid. ZnO based nanostars were synthesized by coprecipitation 
of Zn2+ and Eu3+ with hydroxide ions (HO–), when zinc chloride and europium acetate were used as reagents. The structure and morphology 
of the as-prepared ZnO nanopowders and nanostars were investigated by X-ray diffraction and electron microscopy. Only würtzite structure 
of ZnO was identified in all the samples based on ZnO. Transmission electron microscopy (TEM) investigations have shown an average 
particle/crystallite size range from 23 to 29 nm and polyhedral and spherical morphology with tendency to form aggregates for nanopowders. 
Cytotoxicity tests on MG-63 cell lines was also performed. Photocatalytic activity of ZnO nanopowders have reached higher values compared 
to ZnO nanostars. The photocatalytic test indicates that the ZnO nanopowders have better activity than the nanostars, most probably because 
of the higher specific surface. Doping the ZnO with Eu2O3 does not seem to alter it in a decisive manner. The toxicity results indicated that 
ZnO nanoparticles (NPs) high toxicity on tumoral cells is also induced by particle size and, consequently, the dissolution of Zn2+ ions is 
dependent on the size of the particles, increasing with the particles size. 
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 Introduction 

ZnO nanoparticles (NPs) are one of the most widely 
used nanomaterials because of their physical and chemical 
properties. Due to its good electrical, optical and chemical 
properties, which lead to a wide range of applications, 
ZnO powders are often used for: photoluminescence  
[1], antimicrobial, catalytic [2, 3], semi-conducting, and 
magnetic properties [4]. Therefore, it is extremely used 
in personal care products [5, 6], sunscreens, paints, 
electronic materials, rubber manufacture, food additives, 
and medicine [7–10]. 

Several techniques such as sol–gel route [11, 12], 
microwave-assisted synthesis [13], hydrothermal [14], 
solvothermal [15], sputtering [16], reactive thermal 
evaporation, and precipitation [17, 18], spray pyrolysis 
[19, 20], pulsed laser deposition [21] method have been 
developed to fabricate the ZnO NPs. There is a large 
variety of shape in which nanostructured ZnO materials 
could be obtained such as powders [22, 23], nanoparticles 
[24], belts, nanowires [25], nanostars [26], rods [27–29], 
tetrapods [30, 31], flowers [32], spheres [33, 34], simple 
or doped [35, 36] and therefore, correspondingly, a large 
number of possible synthesis methods [37]. The synthesis 
of semiconductor nanostructures with controlled charac-
teristics, such as orientation, density and crystalline 
morphology is an important aspect of modern nanoscale 
science and technology. Among the most studied II–IV 

semiconductors, ZnO has been the most suitable candidate 
for rear earth doping due to its wideband-gap (3.37 eV), 
and a large exciton binding energy (60 MeV), at room 
temperature [38]. 

Nano-sized ZnO presents exclusive characteristics 
that may vary a lot from bulk-sized ZnO. As the particle 
size of ZnO decreases, its transparency to visible light 
and chemical reactivity increases, despite micro-sized 
ZnO that exhibits high opacity and low reactivity. These 
features are related to high proportion of atoms on the 
surface of nano-sized materials in comparison with 
bulk-sized ones. Thereby, ZnO NPs have been used in 
such products where transparency or great reactivity is 
required. 

ZnO is also known as a good photo-catalyst [39] for 
the degradation of several environmental contaminants 
due to its high photosensitivity, stability, and large band 
gap. ZnO offers low cost, mild reaction conditions, high 
photochemical reactivity, while using the sun light. ZnO 
can absorb UV light with the wavelength about 385 nm. 
For higher photocatalytic efficiency, the photocatalyst 
such as ZnO should absorb not only UV but also visible 
light considering that visible light accounts for 45% of 
energy in the solar radiation while UV light less than 
10% [40]. In order to absorb visible light band gap of 
ZnO has to be narrowed or split into several subgaps, 
which can be achieved by doping chemical elements 
having high photocatalytic properties. 
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Despite many advantages in the wide applications  
of ZnO particles, nanomaterials may cause serious 
environmental and health problems [41–44], and as a 
consequence the risk of human exposure increases [45, 
47]. The high reactivity of ZnO NPs may increase 
biological responses such as cellular uptake and delivery 
efficiency. Many studies on ZnO NPs toxicity were 
performed of different cell lines [2, 47–50], as well as in 
animal models [51–53]. 

In the present study, ZnO nanopowders and nanostars 
were synthesized by coprecipitation in presence of oxalic 
acid and sodium hydroxide. Based on toxicological 
aspects of bionanotechnology in relation to the presence 
of nanoscale entities in the human body and the 
consequences of transporting and interacting with 
tissues and organs [43], the sol–gel synthesized ZnO 
samples were followed by powder characterization in 
terms of structure, composition and morphology, through 
thermal analysis (TA), X-ray diffraction analysis (XRD), 
scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM), respectively photolumines-
cence and UV–VIS analysis have been done. 

The best photocatalytic activity was obtained for ZnO 
nanopowders doped with 3% Eu2O3 and for undoped 
ZnO nanostars. The study included an evaluation of the 
interaction between NPs and cell culture and a research 
of the influence of NPs on cell viability by using the 
lactate dehydrogenase method. The results indicated that 
exposure to ZnO NPs resulted in a concentration and time 
dependent increase in lactate dehydrogenase (LDH) leakage 
[44]. By comparing all synthesized ZnO powders, our 
toxicity results indicated that ZnO NPs high toxicity on 
tumoral cells is also induced by particle size and as a 
consequence, the dissolution of Zn2+ ions is dependent 
on the size of the particles, increasing with the size of 
the particles [54, 55]. 

 Materials and Methods 

Sample preparation 

In this paper, undoped and ZnO doped with europium 
nanopowders and nanostars were synthesized by copre-
cipitation method, using as precipitation agents oxalic 
acid and sodium hydroxide, respectively. All reagents 
used are provided by Sigma-Aldrich. In order to obtain 
Eu-doped ZnO nanopowders, 6.56 g zinc acetate (0.0357 
moles) were dissolved in 25 mL of distilled water, under 
magnetic stirring, and then 1%, 3% and 5% europium 
acetate was added. The resulting solution was added to  
a solution of 0.02 moles oxalic acid in 7.5 mL ethanol 
and 2.5 mL distilled water. After one hour of stirring at 
room temperature, a white precipitate of Zn and Eu 
oxalates was obtained. The resulting precipitate was 
filtered, washed with distilled water several times and 
dried in oven at 800C, for 12 hours. Finally, the dry 
powders were calcined at 4500C, three hours in air. 

Undoped and doped with europium ZnO nanostars 
were prepared by dissolving 5 g zinc chloride in 125 mL 
distilled water, under magnetic stirring, at 700C and, 
then adding 1%, 3% and 5% europium acetate. The as-
obtained solutions were added to an alkaline solution 
prepared from 14.69 g NaOH dissolved in 125 mL 

distilled water. After 40 minutes stirring, a white 
precipitate of Zn and Eu hydroxides was obtained. The 
resulting precipitate was washed with distilled water and 
dried in oven at 800C. The calcination was performed at 
4000C. 

Materials characterization 

The powders were characterized by using XRD, 
SEM, high-resolution transmission electron microscopy 
(HRTEM) with selected area electron diffraction (SAED) 
and UV–VIS spectrophotometry. X-ray diffraction analysis 
were performed using an X-ray diffractometer PANalytical 
Empyrean, which uses a characteristic X-ray beam  
Cu Kα1 (λ=1.540598 Å), equipped with a hybrid mono-
chromator 2xGe (220) for Cu and a detector with PIXcell 
3D. The analyses were performed using the Bragg–
Brentano geometry for the angles 2θ=20–80°. The 
morphology of the ZnO samples was analyzed using 
scanning electron microscopy and transmission electron 
microscopy. The SEM analysis was carried out by using 
a Quanta Inspect F microscope from FEI Company  
with field emission gun (FEG) and a 1.2 nm resolution, 
equipped with an energy-dispersive X-ray spectrometer 
(EDXS) with a resolution at Mn Kα of 133 eV. 

The bright field (TEM) and high resolution (HRTEM) 
images coupled with SAED spectra were obtained using 
a Tecnai G2 F30 S-TWIN transmission electron microscope 
(FEI, the Nederland’s), equipped with a STEM/HAADF 
detector, EDAX spectrometer (for energy dispersive X-
ray analysis) and Gatan EELS spectrometer (for electron 
energy loss spectroscopy). The microscope operates at an 
acceleration voltage of 300 kV (Shottky field emitter) 
with a TEM point resolution of 2 Å and a TEM line 
resolution of 1 Å. Highlighting microscopic morphology 
and viability of MG-63 cell line was performed using 
the LDH. Analysis was performed on in vitro culture of 
human bone carcinoma (MG-63). Cell viability was 
measured using MAX Filter F5 Multi-Mode Microplate 
Reader (Molecular Devices, Sunnyvale, CA), according 
to the protocol of the kit Cell Titer 96, aqueous non-
radioactive cell proliferation assay (Promega, Madison, 
WI, USA). Confluence 24 hours later after seeding the 
plates, a monolayer of MG-63 line was at a confluence 
approximately 70–80%. The solutions prepared for testing 
on cells were of concentration 1 mg/mL and incubated 
for 24 hours. Endothelial cells from MG-63 line were 
cultured in 6-well plates, with a seeding density of 75 000 
cells/well in the presence of different biomaterials. After 
incubation for 24 hours with the material of interest,  
the supernatants were taken for measurements of LDH.  
An aliquot of 50 μL was transferred to 96-well plate. 
After the transfer, reagents were added, according to the 
following protocol: 50 μL solution 1 was added and 
incubated at room temperature in the dark for 30 minutes. 
A volume of 50 μL solution 2 was added and after that, 
spectrophotometric measurements are made at a 450 nm 
wavelength. The thermal analysis of the powders was 
performed with a Netzsch TG 449C STA Jupiter. Samples 
were placed in alumina crucible and heated with 10 K/min 
from room temperature to 9000C, under the flow of  
20 mL/min air. Photocatalytic activity was measured  
on a Methylene blue solution. For the preparation of 
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solutions, 0.025 g of sample was suspended in 10 mL of 
0.001% Methylene blue solution under magnetic stirring. 
The solutions were irradiated with a 125 W mercury 
fluorescent lamp. At regular intervals, samples were taken 
for measurements of absorbance using an AbleJasco V 650 
spectrophotometer. The maximum absorption wavelength 
of Methylene blue, 660 nm, was used for calculations. 

 Results 

Thermal analysis 

In order to establish the calcination temperature  
to obtain Eu-doped ZnO single phase, the synthesized 
powders were analyzed by thermogravimetry–differential 
scanning calorimetry (TG-DSC) methods at temperatures 

in range of room temperature up to 9000C. For the 
powders obtained in the presence of oxalic acid, all the 
samples show similar decomposition pattern, in two steps 
(Figure 1, a and b). 

X-ray diffraction 

The XRD patterns of ZnO nanopowders and nanostars 
calcined at 4000C are shown in Figure 2. 

The XRD analyses indicate the formation of würtzite 
structure as a single crystalline phase for both europium-
zinc oxide nanostructures (Figure 2), in accordance  
with International Center for Diffraction Data (ICDD) 
file number 04-004-4531 [14]. This indicates that the 
dopant ions (Eu3+) substitute Zn2+ ions in the ZnO 
structure. 

 

Figure 1 – The TG-DSC curves for ZnO nanopowders (a) and ZnO nanostars (b). TG-DSC: Thermogravimetry–
differential scanning calorimetry. 

 

Figure 2 – X-ray diffraction pattern for undoped or doped with 1%, 3% and 5% Eu2O3 ZnO nanostructures obtained 
from different precursor solutions: (a) Zinc acetate; (b) Zinc chloride. 

 
All diffraction peaks for all samples can be assigned 

to the würtzite crystal structure of the zinc oxide 
structure, in accordance with ICDD file number 04-004-
4531 [14]. 

In order to estimate the crystallite size variation of 

ZnO against Eu2O3 concentration, the Rietveld refinement 
method has been used and the results are shown in 
Table 1. In all cases, at the concentrations and synthesis 
temperatures considered, through precipitation method, 
nanocrystalline particles have been obtained. 
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Table 1 – Crystallites size variation values against 
Eu2O3 concentration from XRD analysis 

No. Sample 
Photocatalytic degradation rate 

constant [min-1] 
1. ZnO_NP_0% 8.075·10-3 

2. ZnO_NP_1% 7.216·10-3 

3. ZnO_NP_3% 8.829·10-3 

4. ZnO_NP_5% 7.595·10-3 

5. ZnO NS 0% 3.525·10-3 

6. ZnO NS 1% 3.037·10-3 

7. ZnO NS 3% 2.454·10-3 

8. ZnO NS 5% 3.354·10-3 

XRD: X-ray diffraction; NP: Nanopowder; NS: Nanostars. 

As it can be seen, there is an increase of average 
nanocrystalline dimensions with increasing the Eu2O3 
concentration. The crystallites sizes of zinc oxide nano-
powders doped with 5% Eu2O3 reveals an increase but 
not exceeding the average crystallite size of undoped 
samples, while for ZnO nanostars could be observed 
values that overcome those for undoped samples. 

SEM analysis 

The SEM images of the ZnO and Eu-doped ZnO 
samples obtained starting from zinc acetate are presented 
in Figure 3 and, in Figure 4 are presented the SEM images 
for the samples synthesized from zinc chloride. 

 

 

Figure 3 – The SEM images of ZnO nanopowders synthesized from zinc 
acetate, undoped (a) and doped with 1% (b), 3% (c) and 5% (d) Eu2O3. 
SEM: Scanning electron microscopy. 

 

 

 

Figure 4 – The SEM images of ZnO nanostars synthesized from zinc chloride, 
undoped (a) and doped with 1% (b), 3% (c) and 5% (d) Eu2O3. SEM: 
Scanning electron microscopy. 
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TEM–HRTEM analysis 

The TEM, HRTEM and SAED patterns of the ZnO 
nanopowders obtained starting from zinc acetate are 
presented in Figures 5–7. 

The TEM bright field images obtained on ZnO 
nanopowders heat treated at 4500C, shown in Figure 5 
(a, c, e and g), reveal that the nanopowder is composed 
from polyhedral shaped particles, with an average particle 
size of 23.65–29.89 nm for both types of samples, undoped 
or doped as well. We can observe that the only minera-
logical phase identified from SAED images shown in 
Figure 5 (b, d, f and h) is the hexagonal form of ZnO. 

The histogram of size distribution for ZnO nanopowders 
are presented in Figure 6 (a–d), where it can be seen that 
the grain size distribution is monomodal for all analyzed 
samples. The HRTEM images obtained on nanocrystalline 
ZnO powders are shown in Figure 7 (a–d). We can observe 
very well crystallized particles that identifies orientations 
of ASTM ZnO hexagonal [01-080-3004] Miller indices, 
corresponding to interplanar distances d = [1.23820, 2.81520]. 
The TEM, HRTEM and SAED patterns of the ZnO nano-
powders obtained starting from zinc acetate are presented 
in Figures 8 and 9. 
 

 

 

Figure 5 – TEM bright field images of undoped ZnO nanopowders (a), ZnO 
nanopowders doped with 1% Eu2O3 (c), ZnO nanopowders doped with  
3% Eu2O3 (e) and ZnO nanopowders doped with 5% Eu2O3 (g). The insets 
(b), (d), (f) and (h) represent the SAED patterns obtained on undoped and 
Eu-doped ZnO samples. TEM: Transmission electron microscopy; SAED: 
Selected area electron diffraction. 

 

 

 

Figure 6 – Grain size distribution images of undoped ZnO nanopowders (a), 
ZnO nanopowders doped with 1% Eu2O3 (b), ZnO nanopowders doped with 
3% Eu2O3 (c) and ZnO nanopowders doped with 5% Eu2O3 (d). 
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Figure 7 – HRTEM images of undoped ZnO nanopowders (a), ZnO nano-
powders doped with 1% Eu2O3 (b), ZnO nanopowders doped with 3% Eu2O3 
(c) and ZnO nanopowders doped with 5% Eu2O3 (d). HRTEM: High-resolution 
transmission electron microscopy. 

 

 

 

Figure 8 – TEM bright field images of undoped ZnO nanostars (a), ZnO 
nanostars doped with 1% Eu2O3 (c), ZnO nanostars doped with 3% Eu2O3 (e) 
and ZnO nanostars doped with 5% Eu2O3 (g). The insets (b), (d), (f) and (h) 
represent the SAED patterns obtained on ZnO samples. TEM: Transmission 
electron microscopy; SAED: Selected area electron diffraction. 
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Figure 9 – HRTEM images of undoped ZnO nanostars (a), ZnO nanostars 
doped with 1% Eu2O3 (b), ZnO nanostars doped with 3% Eu2O3 (c) and ZnO 
nanostars doped with 5% Eu2O3 (d). HRTEM: High-resolution transmission 
electron microscopy. 

 
The bright field images show star-like shaped NPs, 

with needles that have a thickness at 100 nm, which is 
decreasing at the end at a thickness of about 15 nm. 
Nanostars morphology is highly dependent to the Eu2O3 
addition, thus by increasing the amount or Eu the star 
like structure its modifying the structure. By increasing 
the amount of Eu2O3 to 5%, the structure becomes almost 
needle like. Selected area electron diffraction insets 
images present a single mineralogical phase of ZnO 
würtzite. From HRTEM images, very well crystallized 
structures could be observed, with orientations of Miller 
indices of (100), (002) and (101) in accordance with 
ASTM ZnO hexagonal [01-080-3004] [17], corresponding 
with interplanar distances of d=2.81 Å, d=2.6 Å and 
d=2.47 Å. By analyzing TEM images, we can state that 
the needles are single crystals. 

Photoluminescence and UV–VIS properties 

Figure 10a presents a comparison between the absorp-
tion spectra of Methylene blue in the presence of undoped 
and doped ZnO nanopowders with 1%, 3% and 5% Eu2O3 
and undoped and doped ZnO nanostars with 1%, 3% and 
5% Eu2O3 after irradiation for 4 hours. The results show 
that for ZnO nanopowder, the highest photocatalytic activity 
was obtained for the doped sample with 3% Eu2O3, 
followed by the undoped ZnO nanopowders. This can be 
due to the fact that the 3% sample has the lowest particle 
size, from all samples. The weakest photocatalytic activity 
was obtained for ZnO nanopowders doped with 1% Eu2O3. 
For ZnO nanostars samples, the best photocatalytic activity 
was obtained for the undoped ZnO nanostars, followed 
closely by the 5% Eu2O3 doped ZnO nanostars. The 
lowest photocatalytic activity was obtained for 3% Eu2O3 
doped ZnO nanostars. Overall, the photocatalytic activity 

of ZnO nanopowders was more than two-folds that of the 
ZnO nanostars. In Figure 11, there is presented a comparison 
between photocatalytic activity of ZnO nanopowders (a) 
and ZnO nanostars (b). 

Table 2 presents the rate constant calculated for the 
photocatalysis process in relation ln(C0/C)=kt (where C 
is the concentration of the Methylene blue solution at 
time t and C0 is the initial concentration of the Methylene 
blue solution; t is time measured in minutes). As observed, 
the photocatalysis process follows a first order kinetics 
overall. 

Table 2 – Comparison between photocatalytic degra-
dation rate constant of ZnO nanopowders and ZnO 
nanostars 

No. Sample 
Photocatalytic degradation rate 

constant [min-1] 
1. ZnO_NP_0% 8.075·10-3 

2. ZnO_NP_1% 7.216·10-3 

3. ZnO_NP_3% 8.829·10-3 

4. ZnO_NP_5% 7.595·10-3 

5. ZnO NS 0% 3.525·10-3 

6. ZnO NS 1% 3.037·10-3 

7. ZnO NS 3% 2.454·10-3 

8. ZnO NS 5% 3.354·10-3 

NP: Nanopowder; NS: Nanostars. 

Cytotoxicology tests on MG-63 cell lines 

Cytotoxicology tests were made on MG-63 cell lines 
using LDH method. Analyses were performed on in 
vitro culture of human osteosarcoma cell lines MG-63, 
that was also used as a negative control (Figure 12). 

In phase contrast microscopy images with a 20× 
magnification, an alteration in the immediate vicinity of 
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cells can be observed because of presence of the tested 
material. It can also be observed that the ZnO NPs are 
all around cells. There can still be seen viable cells, 
confirming the quantitative analysis with a value in range 
of 25–35%. 

Cell morphology is completely altered, indicating 
low biocompatibility for undoped or doped with 1%, 
3% and 5% Eu2O3 ZnO nanopowders and nanostars 
(Figures 13 and 14). 

Increased toxicity of the tested materials is found both 
in qualitative analysis, such as phase-contrast microscopy 
analysis by obvious morphological alterations of treated 
cells, and quantitative analysis by obtaining a significant 
cell viability decrease (Figure 15, Table 3). 

It could be observed that there is a high toxicity for 
all ZnO samples, indicating that the tested sample present 
a low biocompatibility because of the ZnO material and 
less because of the dopant in a small percentage in the 
composition. By comparing all synthesized ZnO powders, 
from toxicity assay it could be seen that high toxicity on 
tumoral cells is induced by particle size. This is due  
to the fact that, as stated by George et al. [56], ZnO 
toxicity is caused by the dissolution and subsequent 
release of the Zn2+ ions, that are toxic, into the aqueous 
culture medium. The dissolution of Zn2+ ions is dependent 

on the size of the particles, increasing with the size of 
the particles [57]. This effect is also seen in our case; 
the smallest particles were obtained for ZnO NPs and 
induced a lower level of cytotoxicity, whereas the obtained 
ZnO nanostars with larger particle size induced a higher 
level of cytotoxicity. 

Table 3 – The viability values for ZnO nanostructures 
at a 0.5 mg 

Sample 
Concentration 

[mg/mL] 
Viability  

[% from control]
Undoped 0.5 30 

1% 0.5 33 

3% 0.5 31 
ZnO 

nanoparticles 

5% 0.5 27 

Undoped 0.5 28 

1% 0.5 26 

3% 0.5 24 
ZnO  

nanostars 

5% 0.5 32 

From the phase contrast microscopy images, it could 
be observed that on a concentration of 0.5 mg/mL, at 24 
hours, viable cells are present, this also being confirmed 
by quantitative analysis, but it is clear that the remaining 
cells are affected too, as confirmed by the sudden alteration 
in their morphology. 

 

Figure 10 – Direct comparison between the absorption spectra of Methylene blue in the presence of undoped and 
doped ZnO nanopowders with 1%, 3% and 5% Eu2O3 (a) and undoped and doped ZnO nanostars with 1%, 3% and 
5% Eu2O3 (b) after irradiation for four hours. NS: Nanostars. 

 

Figure 11 – Comparison between photocatalytic activity of ZnO nanopowders (a) and ZnO nanostars (b). NS: Nanostars. 
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Figure 12 – Human osteosarcoma cell culture, phase-
contrast microscopy image corresponding to untreated 
cells (negative control), ×200. 

 

 

 

Figure 13 – Human osteosarcoma cell culture, phase-contrast microscopy 
images (×100) corresponding to cells treated with undoped (a) and doped 
with 1% (b), 3% (c) and 5% (d) Eu2O3 ZnO nanopowders. 

 

 

Figure 14 – Human osteosarcoma cell culture, phase-contrast microscopy 
images (×100) corresponding to cells treated with undoped (a) and doped 
with 1% (b), 3% (c) and 5% (d) Eu2O3 ZnO nanostars. 
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Figure 15 – The viability for undoped and doped with 
1%, 3% and 5% Eu2O3 ZnO NPs and nanostars 
compared to control cell line. 

 Discussion 

According to thermal analysis, the samples exhibit 
two steps decomposition pattern. In the first step, up to 
1600C, the oxalates ZnC2O4 • xH2O and Eu2(C2O4)3 • xH2O 
lose adsorbed water, crystallization water (xH2O) and 
ethanol (Figure 1a). In the interval 380–4200C, the oxalates 
decompose into the corresponding oxides (ZnO and 
Eu2O3), water and CO2. In this temperature range, the 
insertion of the Eu3+ into the crystalline lattice of ZnO 
also takes place. In the case of powders prepared in the 
presence of NaOH, the thermal analyses indicate that Eu3+-
doped ZnO was obtained at room temperature. The TG 
curves do not indicate mass losses up to 5000C (Figure 1b). 

The XRD patterns for ZnO powders reveal no signi-
ficant variation of the intensity of the diffraction peaks 
due to the increase of Eu3+ concentration of Eu2O3 
(Figure 2a). An intensity variation could be observed  
for ZnO nanostars patterns. The intensity values decrease 
from undoped samples until 3% Eu2O3 for doped ones, 
and increase at a concentration of 5% Eu2O3. 

From the SEM images presented in Figure 3, can be 
seen that the nanoparticles have a uniform distribution 
in terms of size and show tendency to form agglomerates. 
The diameter of the particle decreases with the addition 
of Eu2O3 to a concentration of 3%. For samples doped 
with 5% Eu2O3 is an increase of it, but not so as to exceed 
the largest particle diameter in the case of undoped ZnO 
NPs. From the SEM images presented in Figure 4, we 
can clearly see that the ZnO particles are evidencing 
nanostructured morphology. The undoped ZnO samples 
that present well-defined star-like structures that become 
increasingly disordered with the increasing amount of 
Eu2O3 added up to 3%. For samples doped with 5% 
Eu2O3 is observed intense modification of morphology 
as they unravel the star-like structure and tend to acquire 
a platelet aspect. Nanostructures between 1–10 μm, having 
a needle shape with the bottom about 100 nm reaching a 
thickness of about 15.5 nm to the top, could be also 
observed in Figure 4. 

When studying the photocatalytic activity, it was 
observed that the variation of photocatalytic activity for 

doped samples inside each series, although not very high, 
is irregular. The reason for this is that the photocatalytic 
activity is influenced by many other factors besides 
dopant percentage, such as the specific surface of the 
nanoparticles, the density of the surface defects, the type 
of defects, etc. [2, 3, 58–60]. 

The results from cytotoxicology tests on MG-63 cell 
line demonstrate that exposing the MG-63 cell line,  
for 24 hours, to ZnO nanopowder synthesized from zinc 
acetate or to ZnO nanostars synthesized from zinc chloride, 
undoped or doped with 1%, 3% and 5% Eu2O3, of a  
0.5 mg/mL concentration, will increase the LDH activity 
with the decrease of viability at about 30%. Comparing 
ZnO undoped nanopowders to 1% Eu2O3 doped samples 
(Figure 14b) can be observed that the percentage of 
viability is only 3% lower, cell morphology is also highly 
altered, indicating that the toxicity of ZnO material is high. 
The results demonstrate that exposing MG-63 cell line, 
for 24 hours, to 3% doped ZnO NPs, of a 0.5 mg/mL 
concentration, LDH activity will increase inducing a 
decrease of the viability as well to 30% compared to 
untreated cells. For 5% Eu2O3 doped ZnO NPs, treated 
under the same conditions, the decrease in the percentage 
of viability is 27%, compared to untreated cells. The 
viability of cells treated with undoped and doped with 
1%, 3% and 5% Eu2O3 ZnO nanostars is also reduced, 
indicating a low biocompatibility of this material, its 
cytotoxicity being similar with that of cells treated with 
previous materials. The results demonstrate that exposing 
MG-63 cell line, for 24 hours, to 3% doped ZnO nanostars, 
of a 0.5 mg/mL concentration, LDH activity will increase 
with a decrease of the viability to 28% compared to 
untreated cells. For 1%, 3% and 5% Eu2O3 doped ZnO 
nanostars, treated under the same conditions, the decrease 
in the percentage of viability is to 26%, 24% and 32% 
compared to untreated cells. 

 Conclusions 

In this paper, undoped and 1%, 3% and 5% Eu3+-doped 
ZnO nanostructures as nanopowders and nanostars, were 
synthesized by oxalate coprecipitation route and hydroxide 
coprecipitation route, respectively. X-ray diffraction spectra 
showed the formation of würtzite structure as a unique 
crystalline phase for both ZnO nanostructures. Detailed 
analysis has been used to determine the unit cell 
parameters. It has been observed that parameters indicate 
average crystallite size values of 18.46 nm, 17.87 nm, 
15.02 nm and 17.92 nm for undoped and 1%, 3% and 
5% Eu2O3 doped ZnO nanopowders. For undoped and 
1%, 3% and 5% Eu2O3 doped ZnO nanostars were 
obtained higher values for average crystallite size, 
respectively 19.36 nm, 18.14 nm, 16.69 nm and 19.53 nm. 

SEM and TEM analysis have indicated a granular 
nanostructure and a star nanostructure for the two kinds 
of samples, depending on the acidic or alkaline conditions 
of the synthesis. Polyhedral forms could be observed 
from ZnO nanopowders analysis. ZnO nanostars reveal 
a modification in morphology resulting from the quantity 
of dopant, getting a platelet form. 

The study included an evaluation of the interaction 
between NPs and cell culture and a research of the 
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influence of nanoparticles on cell viability by using the 
LDH method. Cytotoxicology tests were made on in vitro 
culture of human osteosarcoma MG-63 cell lines, used 
as a negative control. Tests have indicated a high toxicity 
for all tested samples because of the ZnO material and 
less because of the material in a small percentage in the 
composition. By comparing all synthesized ZnO powders, 
from viability assay it could be seen that high toxicity 
on tumoral cells is induced by particle size. This is caused 
by the dissolution and subsequent release of the Zn2+ 
ions, which are toxic, into the aqueous culture medium. 
The dissolution of Zn2+ ions is dependent on the size of 
the particles, increasing with the size of the particles. 
This effect is also seen in our case, the smallest particles 
obtained through sol–gel method for ZnO NPs induced the 
lowest level of cytotoxicity, whereas the obtained ZnO 
nanostars with larger particle size induced the highest 
level of cytotoxicity. Further, the Eu2O3 dopant used in 
ZnO synthesis prove not to have a significant influence 
on cell toxicity. 

The photocatalytic test indicates that the ZnO nano-
powders have better activity than the nanostars, most 
probably because of the higher specific surface. The best 
photocatalytic activity was obtained for ZnO nanopowders 
doped with 3% Eu2O3 and for undoped ZnO nanostars. 
The variation of the photocatalytic activity is irregular 
due to many contributing factors, but doping the ZnO with 
Eu2O3 does not seem to alter it in a decisive manner. 

In the future, our interest is cytotoxicity tests on 
epithelial cell cultures, in order to study efficiency of 
ZnO nanostructures in solar sunscreens. 
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