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Abstract
In this study, BT@ZnO:Yb heterostructures prepared using the combined sol-gel-hydrothermal methods were coated with
chitosan (Qo) to obtain a hybrid heterostructure [BT@ZnO:Yb]-Qo. The structure, particle morphology, luminescence
properties, and cytotoxicity of the hybrid heterostructure are discussed. X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM), Fourier transform infra-red (FT-IR) as well as Raman and
photoluminescence spectra, were used for characterisation and monitoring of the heterostructure formation process. The
results reveal the formation of the BT@ZnO:Yb heterostructure, and are consistent with the relative intensities and positions
of peaks in the XRD spectra of BT and ZnO:Yb, with the average particle size of ~75 nm. Effective Qo coating was achieved
and a narrow, well-defined, and high-intensity luminescence signal was detected at ~610 nm for all the analysed samples. In
vitro studies suggested that treatment with 1 µg/ml BT@ZnO:Yb 3 mol% induced very low cytotoxicity on HeLa cells.

Graphical Abstract

The morphologie of the [BT@ZnO:Yb]-Qo heterostructures shows that the Nps were uniformly distributed throughout the
Qo matrix, with the average particle diameter of ~80 nm with the tennis-ball-like spheres after the incorporation of chitosan.
The prepared hybrid heterostructures exhibited a narrow, well-defined, and high-intensity luminescence peak at ~610 nm for
all the analysed samples, and low cytotoxicity at 1 μg/ml.
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Highlights
● BaTiO3@ZnO:Yb heterostructures can be obtained by the sol-gel-hydrothermal process.
● Effective heterostructures based on the coating with Qo, [BT@ZnO:Yb]-Qo, were synthesised with low cytotoxicity.
● The PL intensity depends on the pH of the dispersion medium.
● Ytterbium luminescence can be used in diagnostic imaging.

1 Introduction

Inorganic nanoparticles (NPs) are of particular interest for
medical applications, owing to their remarkable perfor-
mance in biological imaging, sensors, and gene and drug
delivery, to name a few [1]. The advantages of inorganic
NPs are attributed to their intrinsic properties, which include
optical and superparamagnetic properties, on the scale of
cells and even subcellular organelles [2]. Among such
applications, immense attention has been devoted to mate-
rials that are capable of generating short-wavelength
radiation from long-wavelength sources. One of the ways
to achieve such conversion is by the second harmonic
generation (SHG) [3]. In the SHG pathway, new fre-
quencies are generated owing to the weakly wavelength-
dependent hyperpolarisability of the underlying substance,
and intense coherent excitation sources are required [4]. On
the other hand, it is a second-order nonlinear optical process
in which two photons, at frequency ω, that interact with a
noncentrosymmetric medium, are combined to form a new
photon with twice the energy of the initial individual pho-
tons, and therefore twice the frequency (2ω) and half the
wavelength of the initial photons [3–5]. Compared with
fluorescent probes, noncentrosymmetric NPs have several
attractive properties, including the complete absence of
bleaching and blinking, narrow emission bands, excitation-
wavelength tunability, orientation retrieval capability, and
coherent optical response [6, 7].

The SHG properties of several crystals have been
reported, including those of BaTiO3 [8, 9], ZnO [9, 10],
KTiOPO4 [11, 12], Sr0.6Ba0.4Nb2O6 [13], KNbO3 [9, 14],
HgI2 [15], and LiNbO3 [9, 16]. Barium titanate (BT), which
presents a bright SHG signal even when the illumination
intensities of the two photons are well below the tissue
damage threshold, does not bleach or blink, can be excited
with deeper-penetration long-wavelength light, and has a
narrow multi-directional signal spectrum [8, 9]. On the
other hand, zinc oxide (ZnO) is a widely used metal oxide
for NPs, and its crystal structure is wurtzite, which con-
tributes to its unique optoelectric properties [17]. ZnO is a
wide band-gap semiconductor (Eg= 3.37 eV), with a large
excitation binding energy (60 eV); it exhibits near-UV
emission and possesses transparent conductivity and

piezoelectricity [17]. ZnO NPs have attracted significant
interest owing to their good tissue adhesion properties, high
ability, and strong antibacterial activity [18, 19].

The above-mentioned BT- and ZnO- NPs, however, are
inefficient at entering cells without some form of func-
tionalisation or conjugation, primarily owing to the nega-
tive surface charge of the NPs that prevents them from
binding to negatively charged cell surfaces [20, 21]. Sev-
eral macromolecules have been proposed as coating agents
to protect and stabilise BT and ZnO NPs; these include
Qo, chitin, alginate, hyaluronic acid, collagen, gelatine,
polyurethane, polyethyleneimine, poly L-lactic-co-
glycolic acid, polylactic acid, and polyvinyl alcohol
[22–24]. Qo, in particular, is characterised by good
biocompatibility, biodegradability, non-toxicity, and
moisture-retention ability [25]. In addition, Qo is particu-
larly noteworthy for the synthesis of metal NPs owing to
its interaction with metal ions and metal oxide NPs. It is
worth noting that chelation evenly disperses metal oxides
throughout the Qo polymer [25, 26].

The objective of the current work was to propose a
method for the synthesis of heterostructures based on
inorganic NPs coated with Qo, specifically BT@ZnO:Yb,
with the far-reaching goal of improving their intrinsic
optical properties. The effect of pure and coated BT@ZnO:
Yb NPs on the structural and morphological properties of
heterostructures was studied. The chemo-physical proper-
ties and cytotoxicity of the synthesised hybrid hetero-
structures were evaluated.

2 Materials and methods

2.1 Materials

Barium chloride (BaCl2, 99.9%), tetrabutyl titanate
[(C4H9O)4Ti, 98.0%], sodium hydroxide (NaOH, ≥98.0%),
zinc chloride (ZnCl2, 98.0%), ytterbium(III) chloride
(YbCl3·6H2O, ≥99.9%), chitosan (low molecular weight),
nitric acid (HNO3, 65.0%), glacial acetic acid (CH3COOH,
100.0%), hydrochloric acid (HCl, 37.0%), and 2-propanol
(C3H8O, ≥99.8) were purchased from Sigma-Aldrich as
starting materials.
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2.2 Synthesis of ZnO:Yb NPs

ZnO:Yb NPs with x= 0, 1, 3, and 5 mol% were synthesised
by the sol-gel-hydrothermal process using zinc chloride
(Merck) and ytterbium (III) chloride (Aldrich, ≥99.9%) as
starting materials. The synthesis precursor of Yb-doped
ZnO (x mol%) was obtained by dissolving 2.0 g of ZnCl2 in
distilled water and NaOH (v:v= 1:1). YbCl3 was dissolved
in a 0.7M HNO3 solution; the molar ratios of Yb3+ ions
were 0, 1, 3, and 5 mol%, respectively. The mixture was
magnetically stirred for 2 h at 150 °C and transferred to a
20 mL Teflon-lined stainless steel reactor, which was sealed
and heated at 195 °C for 48 h. Finally, the autoclave was
cooled to room temperature under environmental condi-
tions. The resulting precipitates were collected, centrifuged,
washed with deionized water resin (DI), and dried at 95 °C
after removing the remaining ions.

2.3 Synthesis of BT@ZnO:Yb NPs

BT@ZnO:Yb NPs were synthesised by the sol-gel-
hydrothermal process using tetrabutyl titanate (TBT) and
barium chloride (BaCl2) as starting materials. In a typical
procedure, solution (A) containing 1.5 mL of TBT was
diluted with 20 mL of 2-propanol for 10 min to form a white
solution, which was added dropwise at 60 °C for 3 h, while
stirring, to solution (B), which contained 1.2 mL of HNO3

in 10 mL of deionised water (45 °C). An aqueous solution
(C) was prepared by dissolving BaCl2 in 10 mL of deionised
water. To prepare the BT precursor, solution (C) was added
dropwise to solution (B). While stirring for 3 h at 80 °C in
N2 bubbling, NaOH was added, and white homogeneous
colloidal barium titanium slurry was formed. This solution
was transferred and mixed with previously synthesised
0.92 g of ZnO:Yb in the 20 mL Teflon-lined stainless steel
reactor, sealed, and then heated at 200 °C for 48 h. At the
end of the reaction, the autoclave was allowed to cool to
room temperature. The as-synthesised white powder
attached to the bottom and inner wall of the Teflon-lined
container was collected, centrifuged, washed with deionized
water resin (DI) and ethanol, and the remaining ions were
removed; finally, the obtained powder was dried at 100 °C
for 3 h under reduced pressure.

2.4 Synthesis of [BaTiO3@ZnO:Yb]-Qo
heterostructures

One gram of Qo, with low molecular weight, was dissolved in
100mL of 1% glacial acetic acid and stirred for 24 h at room
temperature. The resulting solution was successively filtered
through coarse- and fine-fritted funnels and then micro-
filtered in a Millipore system using, consecutively, mem-
branes with pore sizes of 3.0, 0.45, and 0.2 μm. To obtain the

[BT@ZnO:Yb]-Qo heterostructure, 10mg of BT@ZnO:Yb
was slowly added to 10mL of the Qo solution. Next, the
mixed solutions were transferred into a 100ml flask, and the
flask was put in an ultrasonic reactor. Ultrasonic vibrations
were generated using an ultrasonic cleaner, at the frequency
of ~40 kHz and power of 80W, for 10 min. Finally, the pH of
the solution was modified using HCl, under constant stirring,
to obtain a colloidal suspension of [BT@ZnO:Yb]-Qo. The
suspension was centrifuged at 4000 rpm for 10min, to
separate the solids from the solution. The synthesised pre-
cipitate was centrifugally separated and washed with deio-
nized water resin (DI) and then dried at 100 °C for 3 h.

2.5 Cell culture

HeLa cell lines (derived from human cervical cancer) were
grown in the Dulbecco modified Eagle medium (DMEM),
containing 4.5 g/L glucose, penicillin/streptomycin (Gibco,
Carlsbad, CA), supplemented with 10% of heat-inactivated
foetal bovine serum (FBS), and maintained in a humidified
incubator at 37 °C with 5% CO2, as described previously [27].

2.6 Viability assay

To determine the relative cell viability, we use the 3-(4,5-di-
methyl-2-thiazoyl)-2,5-diphenyltetrazolium bromide (MTT)
assay. The MTT assay is a colorimetric sensitive indicator of
the cellular metabolic activity relies on the reduction of
MTT, a yellow water-soluble tetrazolium dye, primarily by
the mitochondrial dehydrogenases, to purple coloured for-
mazan crystals. HeLa cells (3 × 104) were plated per well in
a 24-well plate with the DMEM containing 10% FBS and
incubated for 24 h at 37 °C with 5% CO2.Then, the culture
medium was replaced with the DMEM containing 10%
FBS, and the cells were treated with [BT@ZnO:Yb]-Qo NPs
(3 or 5%), at concentrations of 1, 10, 200, and 500 μg/ml.
After a 24 h long exposure, the MTT (3-(4,5-di-methyl-2-
thiazoyl)-2,5-diphenyltetrazolium bromide) reagent (0,3 mg/
ml) was added to the wells, and the plates were incubated for
1 h at 37 °C. After this incubation period, the medium was
removed and 200 µl of DMSO was added to each well to
dissolve the formed crystals; then, the plates were read
immediately at 540 nm using a microplate spectro-
photometer (Multiskan TM GO Thermo Scientific, Japan).
Data were reported as averages over three independent
experiments ± standard error of mean, and were expressed as
percent viability with respect to the solvent control. The data
were fitted using a non-linear dose-response regression.

2.7 Characterisation

The morphology of the samples was examined using a field
emission scanning electron microscope (SEM, Hitachi
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Model SU5000) equipped with an energy-dispersive X-ray
spectroscopy (EDX) detector. X-ray diffraction (XRD) data
were acquired using a Siemens advanced D-8 diffractometer
with CuKα radiation at 40 kV and 30 mA. Fourier transform
infra-red (FT-IR) spectroscopy measurements were per-
formed using a Perkin Elmer FRONTIER MIR/FIR appa-
ratus. Raman spectra were recorded on a WITEC model
CRC200, using a 5.5 mW laser with the wavelength of
514.5 nm. Photoluminescence (PL) emission spectra were
recorded at room temperature using a the JASCO FP-6500
spectrofluorometer. In addition, the signal was optimised
with the use of the 300 nm shortpass filter for the light beam
coming from the excitation and the 420 nm longpass filter
before the detector.

3 Results and discussion

The XRD patterns of pure ZnO, BT, ZnO:Yb, BT@ZnO:
Yb, and [BT@ZnO:Yb]-Qo heterostructures are shown in
Fig. 1. The XRD Bragg reflection was assigned to that of
the typical hexagonal wurtzite structure for ZnO and ZnO:
Yb 3 mol% (JCPDS Card no 36–1451 diffraction card) with

P63mc space group are shown in Fig. 1 (a, b) respectively
[28]. There were sharp and intensive diffraction peaks for
the (100), (002), (101), (102), (110), (103), (200), (112),
and (201) planes, while diffraction peaks associated with
other phases were not observed. In Fig. 1(c), the char-
acteristic peaks [i.e., (1 0 0), (11 0), (111), (2 0 0), (2 1 0),
(2 11), and (2 2 0)], observed for the BT cubic lattice, are
shown, in a good agreement with literature results [29] and
the JCPDS 31-0174 card. The XRD patterns of the
BT@ZnO:Yb 3 mol% heterostructure are demonstrated in
Fig. 1(d), and the relative intensities and positions of peaks
in the XRD patterns of the BT@ZnO:Yb 3 mol% hetero-
structure were consistent with the relative intensities and
positions of peaks of the XRD patterns of BT and ZnO:Yb
NPs. As the BT@ZnO:Yb 3 mol% heterostructures were
introduced into the Qo matrix, the relative intensities and
positions of peaks of the XRD patterns for [BT@ZnO:Yb]-
Qo were consistent with the relative intensities and posi-
tions of peaks of the XRD patterns of BT@ZnO:Yb het-
erostructures, shown in Fig. 1(e). Moreover, a clear increase
in the intensity of the peaks associated with the perovskite
structure of the BT was observed, compared with the peaks
of the wurtzite structure at ZnO:Yb 3%mol. This increase
in intensity was associated with the use of the ultrasound
technique for coating the polymer matrix, since it increased
the extent of the disaggregation of the NPs.

The average particle size was estimated based on the
(101) diffraction peak and the Scherrer equation, given by:
d= kλ/(β/cos(θ)), where d is the particle size, k ~ 1 is the
shape factor, λ= 0.1540 nm is the wavelength of the CuKα
radiation, β is the full-width at half-maximum (FWHM),
and θ is the diffraction angle. The average crystallite sizes
for the pure ZnO, BT, ZnO:Yb, BT@ZnO:Yb 3 mol% and
[BT@ZnO:Yb]-Qo heterostructures were ~68, ~73, ~69,
~72, and ~84 nm, respectively.

The morphologies of the ZnO, ZnO:Yb, BT@ZnO:Yb,
and [BT@ZnO:Yb]-Qo heterostructures were examined
using scanning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM). The typical SEM and
TEM images are shown in Fig. 2. Figure 2(a–c) show that
the size and the morphology of the NPs are not uniform,
with particles having rod-shaped morphology for pure ZnO.
The NPs of ZnO:Yb (Fig. 2 b) show that the surface mor-
phology is nearly identical to that of the undoped ZnO
(Fig. 2a). The little variation in the shape and size of the
ZnO:Yb NPs was associated with Yb3+ doping of the ZnO
crystal structure, which affected the crystalline plane of
growth [30]. The BT@ZnO:Yb NPs were less uniform and
more spherical than those of ZnO:Yb (Fig. 2c). As shown in
Fig. 2(d), tennis-ball-like spheres were formed after the
incorporation of Qo into the BT@ZnO:Yb heterostructure.
The inset of Fig. 2(d), showing the TEM image, reveals| that
the [BT@ZnO:Yb]-Qo heterostructures were uniformly

Fig. 1 XRD patterns of (a) ZnO; (b) ZnO:Yb 3% mol; (c) BT (d)
BT@ZnO:Yb and (e) [BT@ZnO:Yb]-Qo 3%mol heterostructure
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distributed throughout the Qo matrix, with the average
particle diameter of ~80 nm.

This may be due to the application of ultrasonic vibration
produces a rearrangement of superficial crystallites, altering
the morphology and size of the heterostructure (these
findings are consistent with the results of XRD patterns as
previously discussed).

Zhang et al. [31], found that ultrasonic irradiation dra-
matically enhanced Ostwald ripening via acoustic cavitation
induced turbulence (i.e., microstreaming and shock waves)
in synthesised single crystalline gold nanobelts. The nano-
particle size decreased with increasing ultrasonic
reaction times.

On the other hand, Qo plays a vital role in determining
the particle size and stabilising. This might be owing to the
large amount of Qo binding to the surfaces of the
[BT@ZnO:Yb]-Qo heterostructures [32].

Figure 3 shows the FT-IR spectra for the (a) ZnO, (b)
BT@ZnO:Yb, and (c) [BT@ZnO:Yb]-Qo NPs. In general,
all of the characteristic peaks of Qo are present in the
spectra of the [BT@ZnO:Yb]-Qo heterostructures (Fig. 3c).
The broad band at ~3445 cm−1 is attributed to overlapping
of the stretching vibration modes of O–H (lattice H2O) and
the vibration of the N–H groups of Qo. The C–H stretching
vibrations of the CH2 and CH3 groups of the polymer
backbone were observed at 2960, 2849, and 1381 cm−1.

The band at 1622 cm−1 was assigned to the N–H bending
vibration (amide I band). Finally, the sharp peak at 1080 cm
−1 can be assigned to the C–O–C stretching in the gluco-
samine residue [33]. Regarding the naked ZnO NPs
(Fig. 3a), the peaks at ~558 and ~434 cm−1 were assigned to
the Zn–O stretching vibrations of the metal–oxygen bonds
of the wurtzite structure [34]. The peak at 1380 cm−1 was
associated with the stretching vibrations of the carbonate
ions (CO3

2−), corresponding to CO2 and/or BaCO3 pro-
duced as impurities in the synthesis process (Fig. 3b). The
intensity of that band decreased after the Qo coating to
obtain the [BT@ZnO:Yb]-Qo heterostructures. This con-
firms that the ultrasound method allowed to eliminate the
impurities of BaCO3 produced in the synthesis of
BT@ZnO:Yb heterostructures, which agrees with the
results shown in DRX.

The Raman spectra obtained at room temperature for the
ZnO, BT, ZnO:Yb, and BT@ZnO:Yb NPs, are shown in
Fig. 4. The Raman spectra of the ZnO (Fig. 4a) samples
prepared can be assigned to the optical phonon modes of
ZnO with the hexagonal wurtzite crystal structure belong to
the space group P63mc with two formula units in the pri-
mitive cell [35, 36]. In general, five characteristic Raman
bands were present in the samples, at ~334 cm−1 [E2 (TO)-
E2 (LO)], ~384 cm−1 [A1 (TO)], ~402 cm−1 [E1 (TO)],
~439 cm−1 associated with mode E2 with the highest

(c)

(a) (b)

(d)

   50 nm

Fig. 2 SEM images of (a) ZnO; (b) ZnO:Yb; (c) BT@ZnO:Yb and (d) [BT@ZnO:Yb]-Qo 3%mol. The inset shows the TEM image of
heterostructure
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intensity and ~574 cm−1 [E1 (LO)]. The low E2 mode (the
peak at ~100 cm−1, named E2

low) was associated with
vibrations in the Zn sub-lattice, while the high E2 mode (the
mode at 439 cm−1, named E2

high) was associated mainly
with the oxygen atom vibrations; it exhibited dominant
intensity and was very sharp with respect to the other peaks,
which indicated good crystallinity of the ZnO NPs struc-
tures [37]. In Fig. 4(b), the ZnO samples doped with Yb are
very similar to the pure ZnO, with all the peaks’ char-
acteristics as mentioned above. The Raman spectra of BT
(Fig. 4c) were similar to those obtained for the NPs of pure
BT in a previous study [29]. They exhibited a characteristic
Raman peak near 306 cm−1 (B1 mode), corresponding to
the tetragonal BT phase, and contrary to the cubic symmetry
observed by the XRD analysis, from which no first-order
Raman activity was expected [38]. In general, four char-
acteristic Raman bands were present in the analysed sam-
ples, one at ~307 cm−1 [B1, E(TO+ LO)], and three broad
bands near ~254 cm−1 [A1(TO)], ~510 cm−1 [A1, E(TO)],
and ~720 cm−1 [A1, E(LO)]. The Raman spectrum of the
BT@ZnO:Yb NPs, shown in Fig. 4(c), confirm the presence
of a heterogeneous mixture of crystalline structures, both
hexagonal wurtzite of ZnO and perovskite of BT. The latter

also presents a coexistence of phases, where the tetragonal
phase (space group, P4 mm) predominates over the cubic
phase (space group, Pm3m).

The [BT@ZnO:Yb]-Qo heterostructure at different pH
were characterised for zeta potentials and z-average dia-
meter (Table 1). The zeta potential of the heterostructures
became less positive with increasing the pH value, owing
to the reduction in the number of positively charged
amine groups on the Qo. According to reports, suspen-
sions with higher colloidal stability exhibit lower pH
values at zeta potentials <40 mV, which indicates an
effective coating of the associated heterostructures. Based
on our results, we choose to work at pH= 5 in subsequent
experiments, because it meets the ideal potential

Fig. 3 FTIR spectra of (a) ZnO; (b) BT@ZnO:Yb and (c) [BT@ZnO:
Yb]-Qo 3%mol heterostructure Fig. 4 Raman spectra of (a) ZnO; (b) ZnO:Yb 3%mol; (c) BT and (d)

BT@ZnO:Yb 3%mol nanoparticles

Table 1 The z-average diameter, PDI, and Zeta potential of
[BT@ZnO:Yb]-Qo 3%mol heterostructure

pH Zeta potential (mV) PDI Z-average diameter (nm)

4 43.3 0.27 237.9

5 39.9 0.26 257.2

6 24.2 0.27 215.7
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(±30 mV) and is the closest to the physiologically relevant
pH range [39]. The measured z-average diameter for the
studied range of pH values yielded aggregates with sizes
in the 200–280 nm range. The similarity of these results
implies that the NP size is not pH-dependent. However,
the polydispersity index (PdI) remained in the 0.2–0.3
range, for the three studied pH values (Table 1) and was
characteristic of samples with moderate polydispersity
(0.1–0.4) [40].

Figure 5(a) displays the luminescence spectra of the
powder samples. The characteristic emission of ZnO is
observed in the visible range centred at 555 nm, associated
with deep-level electronic transitions of oxygen vacancies
and structure defects [33, 41]. The doping of ZnO with
Yb3+ and the subsequent attachment with BT induces
additional defects in the structure, decreasing the signal
intensity [42]. Figure 5(b) shows the luminescence spectra
of the suspensions of [BT@ZnO:Yb]-Qo heterostructures
for pH= 4, 5, and 6. A narrow, well-defined, and high-
intensity luminescence peak was detected at ~610 nm for all
of the analysed samples. In addition, the signal strength

increased with increasing pH. Therefore, the luminescence
intensity depends on the pH of the dispersion medium. This
result was associated with the combination of the hetero-
structures coated with Qo, [BT@ZnO:Yb]-Qo; these results
have not been published yet and require further researching.
However, existing reports indicate that the luminescence
signal at ~600 nm is associated with a change in the energy
band structure induced by doping [32]. Yb3+ doping has
also been reported to increase the number of surface states,
and to increase the number of defects and oxygen vacancies
in ZnO [32, 43].

To monitor the effect of the [BT@ZnO:Yb]-Qo NPs on
the viability of cells, an MTT assay was studied. We used
HeLa cell lines because a significant amount of toxicity data
is available for comparison [10, 38, 44–46]. The results
showed that treatment at the concentration of 1 µg/ml
[BT@ZnO:Yb]-Qo induced very low cytotoxicity, with
relative cell viability values of 75.13 ± 0.5% for 3 mol% and
77.81 ± 0.3% for 5 mol% (Fig. 6). Previous studies have
shown that BT NPs also exhibit low toxicity [39] and ZnO
NPs do not cause cytotoxicity at concentrations between
50–150 µg/ml for HeLa cells [10]. However, treatment at
concentrations above 200 µg/ml caused high cytotoxicity,
with cell viability values of 6.12 ± 0.1 and 5.86 ± 0.1% for 3
and 5 mol%, respectively (Fig. 6). The median lethal doses
(LD50) were 52.63 ± 0.25 and 4.07 ± 0.14 μg/ml for 3 and
5 mol%, respectively. For HeLa cells, previous studies
reported cytotoxicity in the 16–42 µg/ml range [39]. Our
results are consistent with these reports, even though our
[BT@ZnO:Yb]-Qo-3 mol% NPs are less toxic, with the
LD50 of 52.63 µg/ml.

Fig. 5 Luminescence spectra of (a) the powder samples and (b)
[BT@ZnO:Yb]-Qo 3%mol heterostructure with different pH values.
The spectra were measured with an excitation wavelength of 300 nm

Fig. 6 Effect of [BT@ZnO:Yb]-Qo nanoparticles on HeLa cell via-
bility. Cells were treated with vehicle (DMEM) or nanoparticles (NPs)
at different doses (1, 10, 200, and 500 µg/ml) for 24 h and cell viability
was analysed by MTT assay. To determine the cell viability, we cal-
culated percent viability as % viability= [(Optical density of treated
cell−Optical density of blank)/(Optical density of vehicle control−
Optical density of blank) × 100]. The results were adjusted to a non-
linear dose-response regression and data are shown as mean ± standard
error (n= 3)
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4 Conclusions

The purpose of this study was to investigate the synthesis of
heterostructures based on the coating of inorganic particles
with Qo ([BT@ZnO:Yb]-Qo). The heterostructures were
synthesised using the sol-gel-hydrothermal technique. The
chemical, physical, and biological properties of the syn-
thesised heterostructures were examined using conventional
methods. The heterostructures were characterised using
XRD, SEM, TEM, FT-IR, Raman, and photoluminescence
spectra. The XRD analysis revealed the polycrystalline
nature of BT@ZnO:Yb NPs, with the average crystallite
size of ~75 nm. The SEM analysis revealed rod-shaped
small granules, with sizes in the 70–120 nm range. The FT-
IR analysis confirmed the functional groups present in the
organic material used as coating, as well as the
metal–oxygen formations. The prepared hybrid hetero-
structures exhibited a narrow, well-defined, and high-
intensity luminescence peak at ~610 nm for all the ana-
lysed samples, and low cytotoxicity at 1 µg/ml.
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