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Abstract

In this study, luminescent upconversion nanoparticles
(UCNPs) Y2O3 and Gd2O3 co-doped with Yb3+ and Er3+ were
prepared by the sol-gel method (SG). These NPs are able to
absorb near infrared photons and upconvert them into
visible radiation with a direct application in bioimaging, as
an important tool to diagnose and visualize cancer cells.
The UCNPs were coated with a thin silica shell and
functionalized with amino groups for further folic acid
conjugation to allow their interaction with folate ligands on
the cell surface. Their physical properties were analysed by
Transmission Electron Microscopy (TEM), Fourier trans‐
form infrared spectroscopy (FTIR) and photoluminescence
(PL) measurements. The PL results revealed excellent
luminescence properties on all core-shell UCNPs. Cytotox‐
icity experiments with concentrations of bare and amino‐
silane coated/functionalized UCNPs between 0.001 µg/mL
to 1 µg/mL were tested on two different cell lines from
human cervix carcinoma (HeLa) and human colorectal
adenocarcinoma (DLD-1) with a colorimetric assay based
on the reduction of MTT reagent (methy-134-thiazolylte‐

trazolium). The assays show that some concentrations of
bare UCNPs were cytotoxic for cervical adenocarcinoma
cells (HeLa); however, for human colorectal adenocarcino‐
ma all UCNPs are non-cytotoxic. After UCNPs functional‐
ization with silica-aminosilane (APTES/TEOS), all of the
nanoparticles tested were found to be non-cytotoxic for
both cell lines. The UCNPs functionalized in this work can
be further conjugated with specific ligands and used as
biolabels for detection of cancer cells.

Keywords Upconversion, Nanoparticles, Sol-gel, Biola‐
bels, Aminosilane Functionalization

1. Introduction

Luminescence upconversion nanoparticles (UCNPs) are
usually fabricated by combining two rare earth ions in a
proper host; the first ion (acting as a sensitizer) absorbs near
infrared (NIR) radiation and transfers the energy to the
second one; as a result, the nanoparticle emits the excess
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energy as photons in the visible range. This phenomenon
is called energy transfer upconversion (ETU) [1]. The
UCNPs have a lanthanide base and numerous studies use
them as luminescent biolabels or as contrast agents in
magnetic resonance imaging (MRI). As a comparison with
conventional fluorescent materials, such as organic dyes or
fluorescent proteins, the advantage of the UCNPs is that
they do not fade, so they can be used for longer [2-4].
Furthermore, some of the fluorescent materials are gener‐
ally excited with ultraviolet light, which may cause cell
death or DNA damage [5]. The UCNPs with the hosts
Y2O3 and Gd2O3 co-doped with Er3+/ Yb3+ have been
prepared by sol-gel synthesis (SG) [6, 7]. The ion Yb3+

absorbs NIR radiation and transfers a first photon to Er3+

and the electron is promoted to 4I11/2 level from 4I15/2 level.
A second photon is transferred to Er3+ to raise the electron
to a higher level 4S3/2. When it decays to its base state it emits
green light. The electron can also be promoted to level 4F9/2,
if the percentage of the doping of Yb3+ changes and the
emission is in red [8]. The UCNPs were coated with a thin
silica core-shell by Stöber method [9] and functionalized
with amine group (APTES/TEOS) to enable folic acid
conjugation [10]. We used a combination of two methods:
the first was to coat the UCNPs with a thin silica shell; the
use of a surfactant was needed in order to avoid agglom‐
eration of the nanoparticles during the process. The second
method was to perform the aminosilane functionalization
of the UCNPs. The luminescent properties were studied;
their morphology was also analysed by transmission
electron microscopy (TEM) and Fourier transform infrared
spectroscopy (FTIR) to confirm amine functionalization.
Cytotoxicity assay was performed in a 96-well plate
containing 10,000 cells per well. Viability of the two cancer
cell lines was analysed by a colorimetric assay based on the
MTT reagent (methy-134 thiazolyltetrazolium), after 24 hr
post incubation with the UCNPs [4]. The silica-coated
UCNPs obtained had strong luminescence and size; they
were also non-cytotoxic, allowing them to be further used
as biolabels in cancer cell lines such as human cervix
carcinoma (HeLa) with the appropriate folic acid function‐
alization.

2. Materials and methods

The UCNPs of Gd2O3:Er3+/Yb3+ and Y2O3:Er3+/Yb3+ were
prepared by the sol-gel method (SG) with concentrations
of Yb3+ (1% and 10% mol) and Er3+ (1% mol) and annealing
temperatures of 900°C for Gd2O3 and 1,200°C for Y2O3. The
description of the methodology for both hosts is in our
previous article; these UCNPs were selected due to their
improved luminescence compared with others prepared
[6]. The UCNPs were ultrasonicated with 20 ml of isopro‐
panol/ethanol with the ultrasonic liquid processor (Sonics
& Materials, Inc.) at 70% of the amplitude for about 30
minutes before the analysis for TEM or silica coating, to
avoid agglomeration of the nanoparticles. They were
characterized by X-Ray diffraction (XRD) by the diffrac‐
tometer Phillips X’Pert-MPD [6]. The morphology and the

nanoparticle size for the silica-coated UCNPs were also
studied. Their photoluminescence was analysed with a
spectrofluorometer. Silica-coating and aminosilane func‐
tionalization was done by APTES/TEOS technique [10].

2.1 Silica-coating and aminosilane functionalization

Surface silanization is an important method for the UCNPs
surface modification. The modified silanes, such as amino‐
propyltrimethoxysilane (APTES), can make the UCNPs
water soluble and able to be conjugated with biological
molecules. Wilhelm and associates prepared UCNPs
coated with a silica shell and protein conjugation [11-12];
Li also prepared UCNPs with a thin silica shell [13]. The
silanized UCNPs are more stable in solutions than poly‐
meric coats and the risk of cytotoxic effect is also reduced
[5]. The purpose of the aminosilane functionalization is to
conjugate the UCNPs with biological moieties that recog‐
nize cell surface receptors. It is important that the ligand of
the UCNPs has high affinity and specificity, to enable it to
bind to the cell and penetrate into the membrane to identify
it. The amino groups enable folic acid (FA) conjugation.
Some cancer cells, such as cervical adenocarcinoma (HeLa)
have overexpression of FA on the cell surface [2].

Silica coating of the nanoparticles was done by Stöber
synthesis [8]. Distilled water (100 ml) was mixed with 10
mmol concentration of the UCNPs under constant magnet‐
ic stirring for 20 min. Separately, 30 ml of ethanol was
mixed and agitated for 20 min with 0.6 ml of TEOS (Tet‐
raethyl orthosilicate, Sigma Aldrich 98%). Another solution
containing 1 mol ammonium hydroxide (NH4OH, Sigma
Aldrich), 0.2 ml of surfactant IGEPAL (Sigma Aldrich) and
distilled water was stirred; this surfactant was needed in
order to minimize the UCNPs agglomeration during the
coating process. The solutions were mixed together and
agitated for 24 hr. The silica coated UCNPs were precipi‐
tated with acetone and centrifuged three times. Finally, the
UCNPs were filtered and then annealed at 900°C for 2 hr.
The UCNPs were ultrasonicated again for 15 min. The
aminosilane functionalization process was done by mixing
the silica-coated UCNPs with ethanol, 0.02 ml of 3-Amino‐
propyl- trimethoxysilane (APTES, 98% Sigma Aldrich),
0.14 ml of TEOS and 0.2 ml of ammonium hydroxide for
approximately 4 hours at 24°C [10]. The functionalized
UCNPs were dried and collected. FTIR analysis was
performed to ascertain that the amine functionalization
was correctly carried out and TEM analysis was done to
verify the core-shell on the UCNPs.

2.2 Characterization

The crystallinity of the UCNPs was analysed by XRD with
the Phillips X’Pert-MPD, equipped with Cu Kα radiation
(λ= 0.15406 nm). Measurements scanned over 2θ range of
10–80° were taken with a step size of 0.1° and a 1 s dwell
per point. The results obtained were compared with the
database PCPDFWIN [6]. The transmission electron
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microscopy (TEM) used was JEOL JEM-2100-F, to study the
morphology, the nanoparticle size and the presence of the
silica-coating. The photoluminescence of the UCNPs was
analysed with a fluorescence spectrometer (PL, Hitachi®
FL-4500) with 980 nm for excitation. FTIR analysis was
done to confirm amine functionalization (Thermonicolet
1700).

2.3 Cell culture

Human cervix carcinoma HeLa cells (ATCC CCL-2) and
human colorectal adenocarcinoma DLD-1 cells (ATCC
CCL-221) were obtained from the American Type Culture
Collection (ATCC). The cells were cultivated in RPMI-1640
media supplemented with 10% Fetal Bovine Serum (FBS,
BenchMark, Gemini Bio Products), 1% Penicillin strepto‐
mycin (Sigma-Aldrich), 1% L-glutamine and 1.5 g/l sodium
bicarbonate. The cells were propagated in growth medium
and maintained at 37°C and 5% CO2.

2.4 Cytotoxicity assay

Cytotoxicity is used to test whether reagent affects the
viability of a cell and causes cellular damage and cell death.
Several authors have developed in vitro tests to predict the
toxic effects of some drugs and chemical compounds,
including nanoparticles [14]. To evaluate the potential of
silica coating UCNPs for biomedical applications, we
compared the cytotoxic activity of bare and coated UCNPs
on two different cancer cell lines. Viability of HeLa and
DLD-1 cell lines was analysed by a colorimetric assay based
on the reduction of the MTT reagent (methy-134 thiazolyl‐
tetrazolium) by using the TOX1 in vitro toxicology assay
kit (Sigma-Aldrich). The cytotoxicity test was performed in
a 96-well plate containing 10,000 cells per well. The UCNPs
were ultrasonicated and diluted at 0.001 µg/mL to 1 µg/mL
in RPMI-1640 media. The cells were incubated with
different amounts of UCNPs for 24 hr at 37°C and 5% CO2.
The incubation of the cells in complete RPMI-1640 media
without UCNPs acted as a positive control, simulating cell
behaviour under ideal conditions. DMSO (Dimethyl
sulphoxide) was used to induce cell death. After the
incubation time, the cells were washed with phosphate
buffer solution pH 7.4 (PBS 1x) and MTT reagent was added
to the plate following the instructions of the manufacturer.
Cytotoxicity was assessed by absorbance measurements
with an ELISA plate reader (Thermo Scientific, USA) at 570
and 690 nm. All data obtained from incubated UCNPs were
normalized to data from three positive control wells with
no Gd2O3:Er3+/Yb3+ and no Y2O3:Er3+/Yb3+ in each independ‐
ent experiment [4].

2.5 Statistical analysis

All experiments were done in triplicate. The results were
expressed as mean ± standard deviation of three independ‐
ent  experiments.  Data  were  evaluated  by  analysis  of
variance (ANOVA), followed by Tukey’s Multiple Compar‐

ison Test, using Graph Pad Prism 6.0 software. The results
were considered statistically significant when p < 0.05.

3. Results

This section shows crystallinity of the UCNPs by XRD and
the morphology analysis performed by TEM, the photolu‐
minescence of all UCNPs synthesized in this work and the
FTIR analysis. The cytotoxicity effect of the UCNPs was
also analysed in human cervix carcinoma (HeLa) and
human colorectal adenocarcinoma (DLD-1) with colori‐
metric assay based on the reduction of the MTT reagent
(methy-134-thiazolyltetrazolium).

3.1 XRD and morphology of Y2O3:Er3+/Yb3+ and Gd2O3:Er3+/
Yb3+ UCN

The composition obtained for the UCNPs synthesized by
sol-gel method was (Gd1-x-yYbxEry)2O3 and (Y1-x-yYbxEry)2O3

(Table_1). The XRD patterns of the UCNPs are in Figure 1.
All the diffraction peaks are consistent with the JCPDS No.
89-5592 (Y2O3) and JCPDS No. 88-2165 for Gd2O3 database
and demonstrate that the samples have a cubic structure.

Number Host % Er3+

y
% Yb 3+

x
Temperatures for

annealing (°C)
Time of

annealing (hr)

1 Y2O3 1 1 1,200 2

2 Y2O3 1 10 1,200 2

3 Gd2O3 1 10 900 2

Table 1. Doping and annealing temperatures for the UCNPs of Gd2O3 and
Y2O3

Figure 1. XRD patterns of Y2O3: Er3+/Yb3+ and Gd2O3: Er3+/Yb3+ compared with
the standard data JCPDS no. 89-5592 [Y2O3] and JCPDS no. 88-2165 [Gd2O3].
a) JCPDS no. 89-5592 [Y2O3] cubic structure, b) Y2O3:Er3+/Yb3+ (1%, 1%), c)
Y2O3: Er3+/ Yb3+ (1%, 10%), d) JCPDS 88-2165:Gd2O3 cubic structure, e) G2O3:
Er3+/Yb3+ (1%, 10%). The peaks match in intensity to the JCPDS data; all the
samples have cubic structure.
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Figure 2 represents the TEM images of bare (2_a, 2_c and
2_e) and aminosilane UCNPs (2_b, 2_d and 2_e). The size
increased only by about 5 nm due to the core-shell formed
of silica. Some of the UCNPs presented a spherical shape.
In Figure 2_b and 2_f the crystallographic planes are clearly
shown and the silica coating can be seen as amorphous. The
UCNPs tend to agglomerate after and under coating. The
Gd2O3 UCNPs presented an average size of 50 nm and the
Y2O3 have an average size of 70 nm.

                                   

                 a)                                               b)                                                        c) 

                               

                d)                                                   e)                                                   f) 

Figure_2. TEM images of (a) bare Y2O3: Er3+, Yb3+ (1%, 1%); (b) aminosilane functionalization 

showing the fine silica coating of Er3+ 1%, Yb3+ 1%; (c) bare Er3+ 1%, Yb3+ 10%; (d)  

aminosilane Er3+ 1%, Yb3+ 10%; (e) bare Gd2O3: Er3+, Yb3+ and (f) Gd2O3: Er3+ 1%, Yb3+ 10% 

with aminosilane functionalization. 

3.2. Upconversion luminescence 

Upconversion luminescence spectra of aminosilane UCNPs, under 980 nm laser excitation, 

are shown in Figure_3 for all doping concentrations. For Gd2O3:Er3+, Yb3+ (Figure 3_a), the 

spectra show a peak at 662 nm (red emission), which is attributed to transition 4F9/2→
4I15/2 of 

Er3+ ion. For Y2O3:Er3+, Yb3+ UCNPs, transitions 2H 11/2→ 4I 15/2 (550 nm), 4S3/2→
4I 15/2 (564 nm) 

and 4F9/2→
4I15/2 (660 nm) are present (Figure 3_b and 3_c). Green emission (564 nm) is present 

in the co-doping Er3+ (1%) and Yb3+ (1%). For the Er3+ (1%) and Yb3+ (10%) co-doping, the 

highest emission is in red (663 nm) and corresponds to the transition 4F9/2→
4I15/2; the green 

transitions are present but with lower intensity. 

Figure 2. TEM images of (a) bare Y2O3: Er3+, Yb3+ (1%, 1%); (b) aminosilane
functionalization showing the fine silica coating of Er3+ 1%, Yb3+ 1%; (c) bare
Er3+ 1%, Yb3+ 10%; (d) aminosilane Er3+ 1%, Yb3+ 10%; (e) bare Gd2O3: Er3+,
Yb3+ and (f) Gd2O3: Er3+ 1%, Yb3+ 10% with aminosilane functionalization.

3.2 Upconversion luminescence

Upconversion luminescence spectra of aminosilane
UCNPs, under 980 nm laser excitation, are shown in Figure
3 for all doping concentrations. For Gd2O3:Er3+, Yb3+ (Figure
3_a), the spectra show a peak at 662 nm (red emission),
which is attributed to transition 4F9/2→4I15/2 of Er3+ ion. For
Y2O3:Er3+, Yb3+ UCNPs, transitions 2H 11/2→ 4I 15/2 (550 nm),
4S3/2→4I 15/2 (564 nm) and 4F9/2→4I15/2 (660 nm) are present
(Figure 3_b and 3_c). Green emission (564 nm) is present in
the co-doping Er3+ (1%) and Yb3+ (1%). For the Er3+ (1%) and
Yb3+ (10%) co-doping, the highest emission is in red (663
nm) and corresponds to the transition 4F9/2→4I15/2; the green
transitions are present but with lower intensity.

3.3 FTIR analysis

The Fourier transform infrared spectroscopy analysis
(FTIR) was used to verify the functionalization achieved
with the APTES/TEOS method, to confirm the presence of
the amine groups on the UCNPs. The amine groups can be
further used to bind folic acid (FA). It is well known that
HeLa and other cancer cells overexpress the receptor for
FA; therefore, UCNPs functionalized with FA will be
attached to its receptor, the cells will be able to internalize
them into the cytoplasm and it would be possible to identify
the cells by the luminescence The presence of the amino
groups on the surface of the UCNPs for Gd2O3:Er3+/Yb3+

(1%, 10%), Y2O3:Er3+/Yb3+ (1%, 1%) and Y2O3:Er3+/Yb3+ (1%,
10%) is shown in Figure 4a,4c and 4e respectively. For

comparison purposes, the FTIR analysis for bare UCNPs
was also done, as depicted in Figure 4b,4d and 4f.

3.4 Cytotoxic assay

The graphics in Figure 5 show the cytotoxicity results for
bare and aminosilane UCNPs incubated on HeLa cells. As
shown, bare Gd2O3 UCNPs reduced cell viability by 20%;
however, APTES/TEOS-functionalized UCNPs do not
cause any cytotoxic effect on HeLa cells (p=0.0071) (Figure
5_a). The smooth cytotoxic effect of 30% and 40% cell death
caused by bare Gd2O3 UCNPs at 0.01 µg/mL (Figure 5_a)
and at 0.001 µg/mL by Y2O3 (Figure 5_b and 5_c) respec‐
tively may be explained by susceptibility to the manipula‐
tion during the experiment. In the case of Y2O3:Er3+/Yb3+

(1%, 1%) and Y2O3:Er3+/Yb3+ (1%, 10%), it was observed that
bare nanoparticles tend to agglomerate and precipitate
after the addition to the well of the 96-well plate. Even after
they have been ultrasonicated, this effect may contribute to
damaging the cells by mechanical forces. In some cases,

Figure 3. The upconversion emission spectra, under 980 nm excitation for
(a) Gd2O3:Er3+/ Yb3+ (1%, 10%), red emission (660-662 nm), for (b) Y2O3:Er3+/
Yb3+ (1%, 1%) green emission (564 nm) in 4S3/2→4I 15/2 transition and (c)
Y2O3:Er3+/ Yb3+ (1%, 10%) red emission (661 nm) in 4F9/2→4I15/2 transition
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lower concentrations of UCNPs (0.001 and 0.01 µg/mL)
showed less cell viability than bigger concentrations. This
behaviour does not reflect an increase in cell viability, but
an agglomeration of nanoparticles in the bottom of the plate
that may interfere with the absorbance reading of the plate.
However, as shown in Figure 5_b and 5_c, none of the
functionalized UCNPs have cytotoxic effects on HeLa cells.
Remarkably, both Gd2O3 and Y2O3:Er3+/Yb3+(1%, 10%)
nanoparticles functionalized with APTES/TEOS (grey
columns) have no cytotoxic effect on HeLa cells.

Figure 6 shows the cytotoxicity results for bare and
aminosilane UCNPs incubated with human colorectal
adenocarcinoma (DLD-1) cells. Incubation of bare
Gd2O3:Er3+/Yb3+ (1%, 10%) nanoparticles with DLD-1 cells
resulted in causing approximately 80% of cell survival
(p=0.008) at concentrations from 0.001 µg/mL to 1 µg/mL.
However, when UCNPs were functionalized with APTES/

TEOS, it resulted in a reduction of the cytotoxic effect, as
shown in Figure 6_a, where HeLa cells’ survival increases
almost to the values of untreated cells, which reflects an
absence of cytotoxicity.

In the case of bare Y2O3:Er3+/Yb3+ (1%, 1%) nanoparticles
(Figure 6_b) and bare Y2O3:Er3+/Yb3+ (1%, 10%), this causes
a cell survival rate of 80% in the majority of the concentra‐
tions tested. DLD-1 cells proved to be slightly sensitive to
concentrations of 0.001 to 1 µg/mL which causes a cell death
rate of 25% (Figure 6_b and 6_c). However, after APTES/
TEOS functionalization, the incubation of DLD-1 cells with
the same concentration resulted in slightly reducing the cell
death at higher concentrations of 1 µg/mL (20% cell death).
These results corroborate the fact that, after APTES/TEOS
functionalization, the nanoparticles proved to be non-
cytotoxic and can be further attached to specific ligands for
cell delivery to other types of cancer cells.

Figure 4. FTIR spectra of aminosilane functionalization UCNPs and bare UCNPs of a) Gd2O3:Er3+/Yb3+ (1%, 10%) functionalized, b) bare Gd2O3:Er3+/Yb3+ (1%,
10%), c) Y2O3:Er3+/Yb3+ (1%, 1%) functionalized, d) bare Y2O3:Er3+/Yb3+ (1%, 1%), e) Y2O3:Er3+/Yb3+ (1%, 10%) functionalized and f) bare Y2O3:Er3+/Yb3+ (1%, 10%).
The presence of the amino groups is shown in the N-H stretch of the secondary and primary amines.
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Figure 5. Cell viability assay with 24-hour incubation of bare (pattern bars)
and aminosilane (grey bars) UCNPs with HeLa cells. a) Gd2O3:Er3+/Yb3+ (1%,
10%), b) Y2O3:Er3+/Yb3+ (1%, 1%) and c) Y2O3:Er3+/Yb3+ (1%, 10%). Results
represent the mean and standard deviation of a threefold independent
experiment. *p<0.05; ** p<0.01 and ***p<0.001.

Figure 6. MTT assay with 24-hour incubation of bare and aminosilane
UCNPs with colorectal adenocarcinoma (DLD-1) cells. a) Gd2O3:Er3+/Yb3+

(1%, 10%), b) Y2O3:Er3+/Yb3+ (1%, 1%) and c) Y2O3:Er3+/Yb3+ (1%, 10%). *p<0.05;
** p<0.01 and ***p<0.001.

4. Discussion and conclusions

The UCNPs were prepared by the sol-gel method. The
nanoparticles are mostly spherical in shape; the size of 50
nm was obtained for Gd2O3 and 70 nm for Y2O3. Surface
modification by silica-coating was approximately 5 nm
thick on all the UCNPs, being a suitable tool to improve the
chemical durability of oxides. The nanoparticles tend to
agglomerate after and during coating; a surfactant was
added to have a homogeneous coating on all UCNPs. The
aminosilane UCNPs showed good emission spectra in
comparison with bare nanoparticles. Red emission was
obtained on the UCNPs Gd2O3:Er3+/Yb3+ (1%, 10% mol) and
also on the Y2O3:Er3+/Yb3+ (1%, 10% mol). On the other hand,
the UCNPs Y2O3:Er3+/Yb3+ (1%, 1% mol) yielded high-
intensity green luminescence. The peaks can be attributed
to the transitions 2H 11/2→ 4I 15/2 (525-550 nm), 4S3/2→4I 15/2 (564
nm) and 4F9/2→4I15/2 (660-670 nm). FTIR spectra showed the
presence of the amino groups on the surface of the UCNPs,
such as the N-H stretch of the secondary amines (3340-3363
cm-1), the primary amines (1571-1591 cm-1) and the wag‐
ging –NH2 (669-793 cm-1).

Referring to cytotoxicity assay, MTT reagent is taken up by
cells and reduced by the enzyme succinic mitochondrial
dehydrogenase to its insoluble form formazan, which is
violet in colour and can be measured by spectroscopy. The
crystals of formazan are retained in biochemically active
cells and can be released by solubilizing them with dimeth‐
yl sulphoxide. In this way, the amount of MTT reduced by
the living cells is quantified by a colourimetric method;
thus, the ability of cells to reduce MTT is an indicator of
mitochondrial integrity and its functional activity is
interpreted as measuring cell viability. Determining the
ability of cells to reduce MTT to formazan after exposure to
a compound provides information about the toxicity of the
UCNPs evaluated [14].

Cytotoxicity assays based on MTT revealed that HeLa cells’
incubation with different amounts of bare Gd2O3:Er3+/Yb3+

(1%, 10%) and Y2O3:Er3+/Yb3+ (1%, 10%) nanoparticles
proved to be non-cytotoxic, while incubation with bare
Y2O3:Er3+/Yb3+ (1%, 1%) at 0.001 µg/mL caused a cell death
rate of 40%. However, after the nanoparticles were func‐
tionalized with APTES/TEOS, all aminosilane UCNPs had
more than 80% cell viability on HeLa cells; thus the cell
death and the cytotoxic effect was reduced for all of the
tested concentrations (0.001 µg/mL to 1 µg/mL).

For colorectal adenocarcinoma cells (DLD-1), incubation
with bare UCNPs Y2O3:Er3+/Yb3+ (1%, 1%), Y2O3:Er3+/Yb3+

(1%, 10%) and Gd2O3:Er3+/Yb3+ (1%, 10%) showed that none
of the tested concentrations resulted in a cytotoxic effect.
Therefore, after functionalization with aminosilane, all the
nanoparticles reduced their toxic effect at all concentrations
(0.001 µg/mL to 1 µg/mL). In this sense we have proved that
UCNPs’ functionalization with aminosilane reduced their
cytotoxic effect. Therefore, with the appropriate folic acid
conjugation with the amino groups, these nanoparticles can
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be used as a biolabels to identify HeLa and other breast
cancer cells. Further investigation is underway to establish
a valid conclusion and a proof of principle of the cell
interaction with the UCNPs nanoparticles.

6. Conflicts of interest

The authors declare no conflicts of interest.

7. Acknowledgements

The authors wish to acknowledge financial support from
DGAPA-UNAM (grant no. 109913). Technical support
provided by E. Aparicio, F. Ruiz. M. Ponce and Dr. F.
Castillón are gratefully acknowledged. Karla Juarez-
Moreno wish to acknowledge the funding from CONACYT
through its Program of National Cathedras No.1073 and
the CONACYT Project No. 260409 from the International
Network of Bionanotechnology with impact in Biomedi‐
cine, Food and Biosafety.

8. References

[1] Matsuura D. Green and blue upconversion lumi‐
nescence of trivalent-rare-earth ion-doped Y2O3

nanocrystals. Appl. Phys. Lett. 2010; 81:4526-4528.
[2] Lin M., Zhao Y., Wang S., Liu M., Duan Z., Chen Y.,

Li Y., Xu F., Lu T. Recent advances in and surface
modification of lanthanide-doped upconversion
nanoparticles for biomedical applications. Biotech‐
nol. Adv. 2011; 30:1551–1561.

[3] Nie S., Xing Y., Kim G., Simons J. Nanotechnology
applications in cancer. Annu. Rev. Med. 2007;
9:257-288.

[4] Hemmer E, Yamano T, Kishimoto, Venkatachalam
H., Hyodo N., Soga H. Cytotoxic aspects of gadoli‐
nium oxide nanostructures for up-conversion and
NIR bioimaging. Acta Biomater. 2013; 9:4734–4743.

[5] Yang J., Dai S., Jiang Z.. Upconversion emission of
rare earth Ions and its recent developments. Prog.
Phys. 2003; 23:284-298.

[6] Chavez D., Hirata G.A. Synthesis and upconversion
luminescence of nanoparticles Y2O3 and Gd2O3

codoped with Yb3+ and Er3+. Nanomater. Nanotech‐
nol. (Accepted for publication).

[7] Taxak V., Khatkar S., Han S., Kumar R., Kumar M..
Tartaric acid assisted sol gel synthesis of Y2O3:Eu3+

nanoparticles. J. Alloys Compds. 2009; 469:224.
[8] Blasse G., Grabmaier B. Luminescent materials. 1st

ed. Telos, Berlin: Springer-Verlag; 1994. 218 p.
[9] Stöber W., Fink A. Colloid interface. Science. 1968;

26:62.
[10] Singh S., Kumar K., Rai S. Multifunctional Er3+–

Yb3+ codoped Gd2O3 nanocrystalline phosphor
synthesized through optimized combustion route.
Appl Phys B 2009; 94:165-173.

[11] Hu H., Xiong L., Zhou J., Li F., Cao T., Huang C.
Multimodal luminescence core–shell nanocompo‐
sites for targeted imaging of tumor cells. Chem-Eur
J. 2009; 15:3577–3584.

[12] Wilhelm S., Hirsch T., Patterson W.M., Scheucher
E., Mayr T., Wolfbeis O. Multicolor upconversion
nanoparticles for protein conjugation. Theranostics
2013, 3(4):239–248.

[13] Li Z., Zhang Y. Monodisperse Silica-Coated Poly‐
vinylpyrrolidone/NaYF4 Nanocrystals with multi‐
color upconversion fluorescence emission. Angew
Chem Int Ed. 2006; 45(46):7732–7735.

[14] Arrebola D., Rosario L. and Curveco D. Principal
assays that to determine the cytotoxicity of a
substance. Revista de toxicologia en linea. 2009;
40-52.

7Dalia Holanda Chavez, Karla Juarez-Moreno and Gustavo Alonso Hirata:
Aminosilane Functionalization and Cytotoxicity Effects of Upconversion Nanoparticles Y2O3 and Gd2O3 Co-doped with Yb3+ and Er3+


