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The abundance of cerium in natural resources, its ability to absorb UV light while 
being transparent to visible light, as well as low photocatalytic activity make ceria (CeO2) 
a promising candidate for UV filter material in sunscreens. Doping with different ele-
ments can further decrease ceria catalytic and photocatalytic activity, thus preventing the 
degradation of other sunscreen ingredients. In this work, pure and zinc-doped ceria 
nanoparticles were prepared by a simple and environmentally benign hydrothermal syn-
thesis, and characterized using various techniques. Fine ceria and doped ceria nanoparti-
cles with particle sizes of 6.1±0.9 and 4.2±0.4 nm were prepared. In both samples, cubic 
ceria was the only crystalline phase, but the homogeneous distribution of zinc in the 
doped sample was confirmed by energy dispersive X-ray spectrometry. Nanoparticles 
exhibited transparency in the visible region and absorbance in the UV region with band 
gap of 3.23 to 3.14 eV for pure and doped sample, respectively. The oxidation stability 
time, determined through Castor oil oxidation process, was 23 hours for the pure and 15 
hours for the doped sample, which is quite satisfactory. In vitro cytotoxicity study showed 
that the prepared nanoparticles were well tolerated by human skin keratinocytes (HaCaT 
cell line) with no significant differences in skin cells viability. However, further investi-
gations on in vivo systems are necessary to reach a firm conclusion regarding the toxici-
ty of ceria and doped ceria nanoparticles, and other potential dopants should be consid-
ered for improvement of ceria properties for sunscreen application.
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Introduction

Beside applicability in various environmental 
and energy-related applications,1 ceria (CeO2) na-
noparticles also have a potential application as sun-
screen ingredient since they absorb UV radiation, 
while being relatively transparent to visible light.2 
The use of UV absorbing metallic oxides in sun-
screen in the form of nanoparticles makes sunscreen 
layer on the skin invisible since their particle size is 
far below the wavelength of visible light and thus 
scattering is avoided.3 TiO2 and ZnO, which are 
commonly used as inorganic UV blocking filters in 
sunscreens, show pronounced photocatalytic activi-
ty facilitating the generation of reactive oxygen spe-
cies that oxidize and degrade the ingredients of sun-
screen formulations.4 Also, due to photocatalytic 
generation of reactive oxygen species, TiO2 and 
ZnO could damage the skin cells.5 In comparison to 

TiO2 and ZnO, ceria has lower photocatalytic activ-
ity, although it is still capable of catalyzing the oxi-
dation of organic compounds.4 On the other hand, it 
appears that ceria nanoparticles have radical scav-
enging capabilities as well as the potential to miti-
gate oxidative stress that triggers different patholog-
ical conditions.6 However, cytotoxicity assessment 
studies of ceria nanoparticles are contradictory7 and, 
so far, ceria is rarely used in commercial sunscreen 
formulations.

The properties of nanoparticles can be tuned by 
doping the host crystal structure with various ele-
ments.8 The ceria catalytic activity relies on oxygen 
release ability, and it was established that oxygen 
release can be reduced by doping with a metal ion 
having lower valence in comparison to Ce4+.2,9 Zn2+ 
meets this criterion, and there is a limited number 
of papers on zinc-doped ceria: Li et al.10 prepared 
ZnO-doped CeO2 particles via soft solution route 
having particle sizes between 3 and 7 nm. They not-
ed that the solubility limit of ZnO in CeO2 is greater *Corresponding author: Katarina MuŢina, E-mail: kmuzina@fkit.hr
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than 50 %. Doped ceria retained UV radiation opac-
ity and visible light transparency similar to non-
doped ceria, while the photocatalytic activity of 
zinc-doped ceria had substantially decreased. Chai 
and Wang11 prepared fine particles of zinc and ceri-
um oxide powder via combustion synthesis route. 
They showed that photocatalytic activity and oxida-
tion catalytic activity of prepared sample had de-
creased in comparison to pure CeO2, while its ultra-
violet absorption in the UV range was excellent. 
Fonseca de Lima et al.4 prepared a mixture of CeO2 
and ZnO in 1:9 molar ratio via non-alkoxide sol-gel 
process. They report average particle sizes of pre-
pared powders between 50 and 100 nm, higher UV 
absorption, and lower photocatalytic activity for the 
oxidation of organic material in comparison to pure 
oxides. Wu et al.9 prepared ZnO-doped CeO2 by me-
 chanochemical synthesis yielding with 75–100 nm 
particles. They showed that catalytic ability for oil 
oxidation process decreased with the increase in the 
amount of zinc. Kellici et al.12 prepared a series of 
ZnO-doped CeO2 samples by continuous hydrother-
mal flow synthesis technique. They concluded that 
the solubility limit of ZnO in CeO2 was about 20 %. 
Pure ceria had particle size of approximately 3.7 
nm, while particle sizes of doped samples were not 
reported. Doped samples had steeper UV-Vis ab-
sorption edge and blueshifted band gap. Govindara-
jan and Nithya13 prepared cerium thin films doped 
with 4 and 8 % of Zn by spray pyrolysis technique. 
They noted a small redshift of the band gap, and 
decrease in transmittance in the visible part of spec-
trum.

The synthetic route greatly affects the size and 
shape of nanoparticles and consequently their prop-
erties.12 Various methods of ceria and doped ceria 
preparation are described in the literature, such as 
precipitation, mechanochemical synthesis, sol-gel 
process, hydrothermal synthesis, etc.14 The advan-
tages of hydrothermal method are simplicity, af-
fordability, and environmental benignity.15 Recently, 
we presented an optimized hydrothermal synthesis 
of ceria yielding with fine nanoparticles.16 We also 
reported on the ability of various transition metals, 
zinc among them, to enter the ceria crystal lattice.17

Nanoparticles exposure is recognized as a pos-
sible source of damage to human beings and the en-
vironment. Therefore, reliable tests on the evalua-
tion of threats are required, and in vitro cell toxicity 
assays are of utmost importance for nanoparticles 
health risk assessment.18 While ceria cytotoxicity is 
well investigated, we were unable to find a paper on 
zinc-doped ceria cytotoxicity. Cell lines should be 
selected on the basis of possible modes of contacts 
and uptakes in humans or possible metabolic tar-
gets.18 Therefore, if nanoparticles aimed for sun-
screen ingredient are to be investigated, it would be 

practical to select a skin cell line for cytotoxicity 
assay. Surprisingly, even when pure ceria is consid-
ered, cell lines in cytotoxicity assays are targeted on 
various cell lines, but rarely on skin cells. There is 
only one study where cerium oxide nanopowders 
cytotoxicity for NCTC2544 keratinocytes cell line 
was compared to commercially available sunscreens 
containing zinc oxide.19 No impact of cerium oxide 
particles on cell growth was established, while a re-
duction in cell viability was noted after cell treat-
ment with diluted sunscreen containing all the sun-
screen ingredients. Studies on other cell lines 
include cerium oxide nanoparticles cytotoxicity 
testing on human prostate cancer cell line (PC-3), 
and normal mouse fibroblast cell line (L929),20 
where nanoparticles were found to be cytotoxic to-
wards PC-3, but nontoxic towards L929 cell lines. 
Another study tested cerium oxide nanoparticles on 
cultured human lung-cancer cells (A549), where 
cell viability decreased as a function of nanoparticle 
dose and exposure time.21 Cytotoxicity of cerium 
oxide nanoparticles and microparticles was com-
pared on human neuroblastoma cell line (IMR32) 
and a dose-dependent effect was found for higher 
concentrations of nanoparticles, whereas micropar-
ticles induced no significant changes in cell viabili-
ty.22 The effects of short-term (24 h) and long-term 
(10 days) exposure of three different cell lines: hu-
man alveolar adenocarcinoma cell line (A549), hu-
man colorectal adenocarcinoma cell line (CaCo2), 
and human hepatic carcinoma cell line (HepG2) to 
ceria nanoparticles was tested over a wide range of 
nanoparticle concentrations. Cytotoxicity study 
showed almost no short-term exposure toxicity to 
ceria nanoparticles on any of the tested cell lines, 
but long-term exposure proved toxic for all tested 
cell lines.18

Therefore, in this study, the skin cell line was 
used for the comparison of cytotoxicity of ceria and 
doped ceria nanoparticles for the first time. In vitro 
nanoparticles cytotoxicity was tested on HaCaT hu-
man keratinocytes cell line over a concentration 
range between 50 μg mL–1 to 150 μg mL–1. Other 
key properties for utilization of hydrothermally de-
rived nanoparticles as a sunscreen component were 
also evaluated.

Materials and methods

Pure ceria synthesis procedure has been  
described elsewhere.23 Briefly, 0.8 mmol of  
Ce(SO4)2 · 4H2O was dissolved in 80 cm3 of NaOH 
solution (c = 8 mol dm–3). The solution was placed 
in a 100-cm3 capacity Teflon-lined stainless-steel 
autoclave, tightly sealed and kept in a tempera-
ture-controlled oven for 16 h at 120 °C. The ob-
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tained product was centrifuged at 3500 rpm, and the 
precipitate was washed with demineralized water 
with the help of sonification. Procedure was re-
peated three times, and the precipitate was dried at 
60 °C for 24 h in static air. Zinc-doped sample was 
prepared in the same manner, but with 0.72 mmol 
of Ce(SO4)2 · 4H2O, and 0.08 mmol of ZnSO4 · 7H2O.

The morphologies of the samples were investi-
gated using transmission electron microscopy 
(TEM) on Jeol ARM 200 CF microscope with ac-
celerating voltage of 80 kV coupled with Jeol Cen-
turio 100 for energy dispersive X-ray spectrometry 
(EDS). For the image analysis, ImageJ program24 
was used.

X-ray diffraction (XRD) analysis was per-
formed on Shimadzu XRD 6000 diffractometer 
with CuKα radiation operating at 40 kV and 30 mA 
with the aim of identifying the crystal phases in the 
samples. Data were collected in a step scan mode 
between 20 and 100 °2q with steps of 0.02 °2q  
and counting time of 0.6 s. The crystallite sizes 
were determined through the Scherrer’s equation:  
D = kλ/βcosθ, where D is the crystallite size in nm, 
k is the shape factor which is 0.94 for spherical 
crystallites with cubic symmetry, λ is the CuKα ra-
diation wavelength which equals 0.15405 nm, β is 
the peak full width at half maximum corrected for 
instrumental broadening, and θ is the Bragg angle.25

The UV–Vis reflectance spectra were acquired 
using diffuse reflectance spectrometer (DRS) Shi-
madzu UV–3101PC equipped with an integrating 
sphere. Barite (BaSO4) was used as a white refer-
ence, and samples were diluted with BaSO4 in a ra-
tio of 1:4. Obtained spectra were transformed using 
Kubelka-Munk transformation: F(R)=(1–R)2/(2R), 
where F(R) is proportional to the extinction coeffi-
cient (α), and R is the reflectance. Band gaps, Eg, 
were determined by plotting (F(R)hν)n vs. photon 
energy (hν), the so-called Tauc’s plot, where h is the 
Planck’s constant, ν is frequency, the quotient of 
light velocity and wavelength (λ/m), while n is the 
coefficient associated with electronic transition, and 
for direct allowed transitions equals 2. Band gap 
was obtained by linear fitting of the (F(R)hν)2 vs. hν 
curve and line extrapolation onto the energy axis.

The photocatalytic activity for the organic ma-
terial oxidation was determined by the accelerated 
oxidation Rancimat method (Metrohm 873 Biodies-
el Rancimat)26 using Castor oil as the model oxidiz-
ing material. In the Rancimat method, the oil aging 
process is accelerated by exposing it to heat and air 
flow. The time required for oxidation to take place 
at a high rate is called oxidation stability index or 
induction time. For the analysis, 1 g of the powder 
samples were mixed with 10.0 mL of Castor oil, 
and homogenized using an ultrasonic bath for 30 min. 
The samples were maintained for 24 h at 120 °C 

under air bubbling with the flow rate of 10 L h–1. 
Catalytic activity was determined by trapping vola-
tile molecules formed by the oxidation of Castor oil 
in 100 mL of deionized water and measuring the 
increase in the electric conductivity. The initial wa-
ter conductivity was subtracted from the measured 
conductivities, and the results shown as the depen-
dence of conductivity on time.

Cytotoxicity of nanocrystalline ceria and doped 
ceria was studied using HaCaT cell lines. Human 
keratinocyte cell line HaCaT (Cell Line Services, 
Germany) were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM; Gibco, Invitrogen, Pais-
ley, UK) supplemented with 10 % fetal bovine se-
rum (Gibco, Thermo Fisher Scientific, USA) and a 
mixture of penicillin, streptomycin and amphoteri-
cin B (Lonza, Basel Switzerland). For the assess-
ment of potential cytotoxicity of the three types of 
nanoparticles, HaCaT cells were seeded onto 96-well 
plates at a density of 104 cells/well, and left for  
48 hours to reach confluence. Stock solutions  
(0.5 mg mL–1) of pure, zinc-doped ceria and titani-
um dioxide nanoparticles were prepared in non-sup-
plemented cell culture medium in order to avoid 
aggregates of nanoparticles and proteins from fetal 
bovine serum. They were sonicated before use and 
diluted to concentrations of 50, 100, and 150 
μg mL–1 also with non-supplemented cell culture 
medium. Prior to treatment with nanoparticles, cell 
culture medium was removed, and cells washed 
with PBS. Cells were then exposed for 24 hours to 
different nanoparticle concentrations. Cells incubat-
ed in non-supplemented culture medium were used 
as a negative control. The testing was carried out in 
hexaplicates. After the treatment, the cells were 
washed twice with PBS and complete medium was 
added. In vitro cytotoxicity was determined after 24 
hours by the MTT assay. An amount of 20 µL of 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide; Sigma-Aldrich, St. Louis, 
USA) solution in DMEM (5 µg mL–1) was added to 
each well, and the cells were then incubated for 1 
hour at 37 °C. After incubation, the medium was 
removed, and 100 μL of isopropanol was added to 
each well. The amount of formazan was quantified 
spectrophotometrically at 570 nm (Victor, Perkin-
Elmer, USA). Mitochondrial activity is expressed 
relative to that in the control group treated with 
non-supplemented cell culture medium. Statistical 
data analyses of the three groups were performed 
using two-way ANOVA and Tukey’s multiple com-
parison tests, and the means were considered sig-
nificantly different when p < 0.05. Calculations 
were performed with the GraphPad 8 Prism pro-
gram (GraphPad Software, Inc., San Diego, USA).

Citotoxicity measurements were also conduct-
ed on commercial TiO2 nanoparticles (Evonik P25) 
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for comparison, since, due to its low photoallergic 
potential and high photostability, TiO2 is the most 
common inorganic UV filter in commercial sun-
screen formulations.27–30

Results and discussion

In order to obtain insight into morphology, par-
ticle size, and composition of ceria and doped ceria, 
samples were analyzed using HRTEM and EDS. 

Representative HRTEM micrographs are given in 
Fig. 1. Both samples display fine agglomerates of 
roughly spherical nanoparticles, and no notable dif-
ference in morphology between the pure and the 
doped sample was observed. The obtained shape 
was probably due to the lack of energy necessary 
for a particle to reach equilibrium, which is a conse-
quence of low temperature used during the synthe-
sis.31 The average particle sizes, calculated from 
HRTEM images using ImageJ software package, 
were 6.1±0.9 nm and 4.2±0.4 nm for pure and 
doped ceria, respectively. The reduction in particle 
size with the introduction of dopant could be ex-
plained by the decrease of ceria concentration in the 
system, causing the retardation of diffusion rate and 
hindering the growth.32 Lattice fringes distances in 
both samples were 0.31±0.01 nm, which is the typ-
ical distance for (111) planes of ceria fluorite struc-
ture with the lowest surface energy.33

The presence and distribution of elements in 
the samples was tested through EDS analysis, (Fig. 
2). TEM-EDS mapping revealed a homogeneous 
distribution of cerium and oxygen in both samples 
suggesting that ceria was the only phase present. 
Additionally, the distribution of zinc in the zinc-
doped sample also appeared homogeneous proving 
its entrance in the ceria crystal lattice.

Phase composition and purity of the prepared 
samples were examined by XRD. XRD patterns of 
the pure and doped samples are presented in Fig. 3. 
Both patterns are characterized by the presence of 
ceria diffraction peaks (ICDD PDF No. 34-0394), 
and no additional peaks were noted for the doped 

F i g .  1  – STEM-BF micrographs of the pure (a and b), and 
doped (c and d) samples

F i g .  2  – STEM-ADF image and EDS mapping of the pure (a) and doped (b) samples
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sample, suggesting that no other phases were pres-
ent in the amount detectable by XRD. Broad peaks 
indicate that crystallites are in the nanometers range. 
Unfortunately, the broadness of the XRD peaks 
made the observation of any peak shift due to the 
entrance of zinc in the crystal structure of ceria im-
possible. No significant differences in peak posi-
tion, broadness, and intensity for the pure and doped 
samples were noted. The crystallite sizes determined 
using the Scherrer’s equation were 4.5±0.1 nm and 
4.0±0.1 nm for pure and Zn-doped ceria, respec-
tively. It can be observed that there is a concordance 
of calculated crystallite sizes and particle sizes de-
termined from TEM micrographs, which means that 
a particle is equivalent to a crystallite.

The XRD, TEM, and EDS analyses clearly 
show that the hydrothermal synthesis enabled the 
preparation of very small, high-purity crystallites. 
For the doped sample, it may be stated that Zn had 
incorporated into the ceria crystal lattice since no 
other phases than ceria appeared on the XRD pat-
tern, but the EDS analysis clearly showed a homo-
geneous distribution of Zn throughout the sample. 
Further analyses were aimed at examining proper-
ties important for the application of ceria in sun-
screen – band gap value, catalytic activity, and cy-
totoxicity.

UV-Vis reflectance spectra and Tauc’s plots of 
the prepared samples are presented in Fig. 4. It ap-
pears that the reflectance in the entire measured 
area is almost the same for both samples. In the re-
flectance spectra, low reflectance indicates high ab-
sorption and vice versa. Therefore, both prepared 
samples show high absorption in the UV region and 
transparency in the visible region. Small difference 
could be observed in the reflectance curve slope. 
From the Tauc’s plot, the band gap of 3.23 eV was 
obtained for the pure sample, which is very close to 

the literature value (3.19 eV).34 The doped sample 
band gap is redshifted and yields 3.14 eV. Govinda-
rajan et al.13 and Nurhasanah et al.35 both report on 
the reduction in the band gap value with the in-
crease in Zn doping in the CeO2 samples. The de-
crease in the band gap could be attributed to lattice 
defects and strain.36 Namely, when Zn, having low-
er valence and smaller radius, is incorporated into 
the ceria crystal lattice, the number of oxygen de-
fects increases due to the maintenance of the lattice 
electroneutrality and the increased reduction in Ce4+ 
to Ce3+.35

The results of oxidation catalytic activity via 
Rancimat test for Castor oil are shown in Fig. 5. As 
can be observed, both samples (ceria and zinc-
doped ceria) show similar tendencies during the 
first 15 h of the experiment. However, after 15 h, 
the conductivity of water-dissolving degradation 
products of Castor oil mixed with zinc-doped ceria 
begin to grow exponentially, and therefore 15 h 
could be declared as the oxidation stability index or 
induction time of the zinc-doped ceria. By the same 
criterion, the oxidation stability time of pure ceria 
was found to be 23 h. This result comes as a sur-
prise since the literature reports greater oil oxida-
tion stability in the presence of zinc-doped ceria in 
comparison with pure ceria, i.e., the decrease in ce-
ria oxidation catalytic activity by doping with 
zinc.9,10,37 We believe that greater catalytic activity 
of the zinc-doped sample is a consequence of small-
er particle size, i.e., greater specific surface area, 
which is one of the most beneficial properties for 
catalytic application.16 However, taking into consid-
eration the accelerated oxidation conditions (high 
temperature and rapid air flow), the oxidation sta-
bility of Castor oil in the presence of both nanopar-
ticles, ceria, and doped ceria, can be rated as satis-
factory.

F i g .  3  – Diffraction patterns of the pure and doped samples F i g .  4  – UV-Vis diffuse reflectance spectra (a) and Tauc’s 
plots (b) of the pure and doped samples



162 S. Kurajica et al., Assessment of Cell Toxicity and Oxidation Catalytic Activity…, Chem. Biochem. Eng. Q., 35 (2) 157–164 (2021)

As stated in the introduction, there has been a 
variety of studies on cytotoxicity effects of ceria 
nanoparticles on different cell lines, but the selected 
lines mostly do not match the sunscreen route of 
application. Since our intention was to study these 
nanoparticles as potential ingredients for use in sun-
screen preparations, HaCaT human keratinocyte cell 
line was chosen. To the best of our knowledge, this 
is the first cytotoxicity assay of ceria and zinc-doped 
ceria nanoparticles carried out on this cell line.

After a preliminary MTT assay in a broad range 
of concentrations was performed, 50, 100, and  
150 µg mL–1 were selected as concentrations for 
further testing, in order to ensure that the biocom-
patibility study covered a wide enough range of 
concentrations for all three types of nanoparticles, 
and also to be able to compare the concentrations 

with other published results regarding toxicity stud-
ies.19,28,38,39

HaCaT cells viability after treatment with ce-
ria, zinc-doped ceria, and titania nanoparticles after 
24 h of incubation at 37 °C are shown in Fig. 6. 
According to the guideline for determination of in 
vitro cytotoxicity of medical devices, materials are 
considered nontoxic if the viability of cells is ≥ 70 
% after exposure.40 The results of the biocompati-
bility study (Fig. 6) indicated that all three types of 
nanoparticles were well tolerated by the keratino-
cytes. Only in cases of 100 and 150 µg mL–1 of 
 ceria doped with Zn and titanium dioxide nanopar-
ticles, cell viability marginally decreased below   
70 %, but still not enough to show any statistical 
significance compared to doses of 50 µg mL–1 
(p > 0.05). There was no significant difference be-
tween nanoparticle types, and therefore it can be 
concluded that ceria and ceria doped with zinc na-
no  particles are as safe as titanium dioxide nano-
particles in these conditions.

Due to great differences in experimental condi-
tions, no direct comparison to any other study can 
be made. Cerium oxide nanoparticles were also 
found nontoxic to NCTC2544 keratinocytes cell 
line19 and to normal mouse fibroblast cell line 
(L929).20 On the other hand, cerium oxide nanopar-
ticles were proven cytotoxic for human prostate 
cancer cell line (PC-3),20 human lung cancer cells 
(A549),21 and human neuroblastoma cell line 
(IMR32).20 However, it was noted that cell viability 
was a function of nanoparticle dose and exposure 
time,21,22 e.g., almost no short-term exposure toxici-
ty to ceria nanoparticles on human alveolar adeno-
carcinoma cell line (A549), human colorectal ade-
nocarcinoma cell line (CaCo2), and human hepatic 
carcinoma cell line (HepG2) was noted, while long-
term exposure proved toxic for all tested cell lines.18 
There is also a lack of comparison of cerium oxide 
particles influence on the cell viability with any 
pure inorganic UV filter. Therefore, further investi-
gations are necessary, particularly on in vivo sys-
tems, in order to attain a firm conclusion regarding 
the toxicity of ceria and ceria doped with zinc 
nanoparticles.

Conclusions

Pure ceria and zinc-doped ceria samples were 
prepared by hydrothermal synthesis. Very small, 
roughly spherical particles were obtained. While the 
particle size of the pure sample was 6.1±0.9 nm, the 
particle size of the doped sample was reduced to 
4.2±0.4 nm. The crystallite sizes calculated from 
the Scherrer equation are in concordance with the 
obtained particle sizes. According to XRD analysis, 

F i g .  5  – Rancimat test results for pure Castor oil, Castor oil 
with ceria, and Castor oil with zinc-doped ceria

F i g .  6  – HaCaT cells viability (%) after 24 h of incubation at 
37 °C treated with ceria, zinc-doped ceria, and titania nanopar-
ticles as determined by the MTT assay. The values denote the 
mean ± S.D. (n = 6).
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cubic ceria was the only crystal phase present in 
both samples, but the presence of zinc and its ho-
mogeneous distribution in the doped sample were 
verified by EDS mapping, indicating that Zn had 
incorporated into the ceria crystal lattice. No signif-
icant differences were noted in the UV absorption 
and visible region transparency between the pure 
and the doped ceria, but a small redshift of the band 
gap from 3.23 to 3.14 eV was observed for the 
doped sample. Castor oil oxidation stability in the 
presence of ceria and zinc-doped ceria was found 
satisfactory. HaCaT human keratinocytes cells 
showed good viability in a wide range of ceria and 
zinc-doped ceria concentrations. No significant dif-
ferences in cell viability between investigated 
nanoparticles, as well as titania nanoparticles were 
noted. Present study shows that nanosized ceria and 
zinc-doped ceria are both promising materials for 
utilization as UV-filters in sunscreen. Further inves-
tigations will focus on doping of ceria with different 
elements, which could have a stronger influence on 
improving the properties of ceria, as well as in vivo 
cytotoxicity studies, which are necessary for the 
practical application of this material in sunscreen.
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