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Red-emitting magnetic Fe;0,@GdVO,:Eu* nanocomposite was synthesized to study its heat generation ability under the influence of
alternating magnetic fields. The crystalline structure of the Fe;0, and Fe;04@GdVO,:Eu** nanocomposite were confirmed and determined
by X-ray diffraction (XRD) measurement. Fourier transformation infrared (FTIR) spectroscopy confirmed the presence of polyethylene
glycol, from the solvent, adhered to the surface of the nanoparticles. From the TEM images, it is suggested that Fe;0,@GdVO,:Eu**

superparamagnetic nature of the sample with sufficient saturation magnetization (Ms) values and low coercivity (Hc) values. The samples
were subjected to an alternating magnetic field showing efficient heat generation by the nanoparticles and the nanocomposites viz. 3.05 x
10° and 4.58 x 10° kAm™" s™'. The Fe;0,@GdVO,:Eu** nanocomposite also showed strong red emission under excitation at 300 nm. The
prepared nanocomposite was found to have high viability in HCT116 colon cancer cell lines. Therefore, Fe;0,@GdVO:Eu** magnetic

INTRODUCTION

Cancer is a leading cause of mortality globally, and a
complete treatment is unattainable unless diagnosed in the early
stages. However, it is challenging to diagnose cancer in its early
stages. Nanotechnology provides a good opportunity for the
diagnosis and treatment of cancer under hyperthermia, which
involves heating specific organs or tissues to a temperature
range of 41-46 °C using small doses of magnetic nanoparticles
[1-5]. Cancer cells can be killed when the temperature is raised
to 42 °C whereas normal cells can survive up to the temperature
of 46 °C, due to the cooling effect of blood circulation. Many
researchers and scientists have made efforts for the improve-
ment of hyperthermia techniques. The effective way of using
hyperthermia for cancer treatment is to combine it with chemo-
therapy or radiotherapy which exhibits a significant reduction

—I
sample contains spherical (< 10 nm) and cubic (~100 nm) shaped particles. Vibrating sample magnetometry (VSM) analysis revealed the |
luminescent nanocomposite may be useful for optical imaging and hyperthermia applications. I
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in side effects [6,7]. Few researchers [8,9] investigated the appli-
cation of magnetic ferrofluids in hyperthermia treatment. The
use of magnetic ferrofluids in hyperthermia is a promising
technique for cancer treatment because of its ease in targeting
the cancerous tissue and hence having fewer side effects than
chemotherapy and radiotherapy [10].

Various researchers widely use gadolinium based lumine-
scent phosphors in many fields [11]. GAVO, has good absorp-
tion in the ultraviolet region. The Gd** has excited state levels
in the UV region (~270 nm) of relatively higher energy due to
its half-filled (4/") ground state and the VO;~ has strong absor-
ption around 280-400 nm [12,13]. The energy transfer from
the host to Eu** ions through V-O charge transfer (CT) or Gd**
ions excitation can lead to an efficient luminescence intensity
of Eu* ions, which makes the GdVO,:Eu® ions an efficient
red light-emitting material [14]. Moreover, the paramagnetic
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Gd** has a superior sensitivity to magnetic fields, rendering
Gd**-based oxides and complexes more suitable for magnetic
resonance imaging [15-18].

Magnetic nanoparticles (MNPs) have a variety of applica-
tions in biomedicine, like drug delivery, magnetic resonance
imaging (MRI), hyperthermia, efc. [19-22]. Amongst the mag-
netic nanoparticles, ferrite nanoparticles are the most explored
magnetic nanoparticles that enhanced their properties by clust-
ering several individual superparamagnetic nanoparticles to
form magnetic beads. Magnetic nanoparticles can bind to func-
tional molecules and it allows transportation of drugs to a targ-
eted location by applying an external magnetic field. To prevent
aggregation and minimize the interaction between the nano-
particles with the system environment, surface coating of nano-
particles is required [23]. The surface of ferrite nanoparticles
can be modified by using surfactants, silica or phosphoric acid
derivatives to increase their stability in solution. Such surface
coated magnetic nanoparticles are widely used in various medical
applications, like cell isolation, drug delivery, immunoassay,
diagnostic testing and targeted therapeutic [24].

The magnetic-luminescent nanocomposites can be appli-
cable in hyperthermia for cancer therapy. Since Fe;O, nano-
particles alone do not show any luminescence properties they
are not suitable for bioimaging purposes. When mixed with
luminous materials, it becomes readily visible; nevertheless,
in the absence of luminescent properties, tracing Fe;O4 nano-
particles during hyperthermia administration within the human
body proves to be exceedingly challenging. Such prepared nano-
composite has both properties of luminescence and magnetism.
Here, Fe;0, gives the necessary heat for hyperthermia applica-
tion and inorganic phosphor gives the required luminescence
for bioimaging purposes [25-27].

By utilizing MNPs, which can elevate the hyperthermia
temperature, magnetic hyperthermia seeks to offer a safe, effec-
tive and simple therapeutic option. Use of MNPs in the hyper-
thermia treatment dominance to differentiate temperature profile
of healthy tissues and tumor that inject MNPs into small areas
[28]. Magnetic nanoparticles (MNPs) also play an important
role in transforming energy into heat by absorbing AC magnetic
field. When an external AC magnetic field is applied to the
targeted location which is made by injecting MNPs, a limited
amount of heat is produced and driven throughout the tissue.
Fe;O,4 based magnetic nanocomposites showed promising
potential for hyperthermia application that can be evacuated
by the body after some weeks without any toxicity [29,30].
Preparation of MNPs with multi-functional properties and surface
functionalized, which can show the highest saturation magneti-
zation is of utmost importance [23]. Surface functionalization
of the magnetic luminescent nanomaterials is required to improve
the chemical and physiological stability as well as bioadhesion
[31,32].

Superparamagnetic iron oxide nanoparticles (SPIONs) are
focused in the field of hyperthermia applications due its the
potentiality to be directed by an AC magnetic field to specifi-
cally target the tumor regions and to dissipate heat locally, with
negligible agglomeration among particles [33,34]. The heating
efficacy of SPIONs, expressed in terms of specific absorption

rate (SAR) is a pivotal factor determining the success of hyper-
thermia applications. A higher value of SAR leads to the high
efficiency of magnetic fluid hyperthermia (MFH), measured
by the specific absorption rate (SAR) with the shortest duration
of treatment and reducing the toxic effects of magnetic nano-
particles [35,36]. The SAR value is consequently calculated
in terms of the effective relaxation time, Tefrective. FOr maximum
SAR, the optimization of surface coating on MNPs based hyper-
thermia is a crucial factor. For instance, the highest SAR in
magnetic fluid hyperthermia (MFH) was achieved using PEG
coated Fe;O4 NPs [37]. Such optimized coated nanoparticles
have also exhibited excellent hyperthermic activity in both water
and simulated body fluids.

Herein, polyethylene glycol 4000 (PEG 4000)-coated Fe;O4
and magnetic luminescent nanocomposite Fe;0; @GdVO,:Eu™
were synthesized to study their heat generation ability under
the influence of alternating magnetic field. The samples exhi-
bited excellent response under the influence of alternating mag-
netic fields. They generate more than sufficient amount of heat
required for killing cancerous cells. The nanocomposite showed
good viability to HTC116 colon cancer cell lines. The results
show that the nanocomposites can be potential candidates for
magnetic fluid hyperthermia and optical imaging.

EXPERIMENTAL

Anhydrous iron(III) chloride (FeCls, 99.9%, Merck), iron(II)
chloride tetrahydrate (FeCl,-4H,O, Merck), gadolinium acetate
hydrate (Gd(CH5CO,);, 99.9%, Sigma-Aldrich), europium(I1I)
oxide (Eu,0s, 99.9%, Sigma-Aldrich), ammonium meta
vanadate (NH4VO;, 99%, Sigma-Aldrich), polyethylene glycol
4000 (H(OCH,CH,),OH, Merck), lithium hydroxide, (LiOH,
98%, Sigma Aldrich), conc. HCI (37%, Merck), conc. HNO;
(70%, Merck) and deionized water were used. All chemicals
were used analytically pure without further purification.

Synthesis of Fe;0, nanoparticles: In order to synthesize
Fe;0, nanoparticles, a solution containing 150 mL of distilled
water and 7.5 g of PEG 4000 was heated at 50 °C with constant
stirring for 30 min followed by the addition of 1.4910 g of
FeCl,-4H,0 with continuous stirring for 15 min. Then, 2.433 g
of FeCl; was added while stirring for 30 min thereafter conc.
HCI was added till the solution becomes pale yellow and mag-
netic stirring was continued for another 10 min. Finally, 3.147 g
of LiOH was added with constant stirring for 1 h and allowed
to settle for overnight. The black precipitate was concentrated
by magnetic decantation and the supernatant liquid was removed
using a micropipette. This process was repeated for 5 times
(upto the pH is neutral), collected the black precipitate by centri-
fugation, washed with water, dispersed in acetone for about 12
h and finally collected using a magnet. The black product was
dried at 40 °C overnight and then ground to fine powder.

Synthesis of Fe;0,@GdVO,:Eu* (5 at. %): Eu,05(0.0176
g) was dissolved in 40 mL conc. HNO;. The excess acid was
removed by evaporating it with distilled water. Then, 0.6354 g
Gd(CH;CO»); and 20 mL of distilled water were added with
constant magnetic stirring followed by the addition of 40 mL
of glycol and 60 mL of water. The mixture was continually
stirred with a magnetic stirrer for approximately 1 h, after which
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0.2342 g of NH3VO, was added and the magnetic stirring
continued for 24 h to obtain a green colour solution. To this
solution, 300 mg of Fe;O4 (sample prepared) was added and
magnetic stirring continued for 1 h. To this black solution, a
mixture of 0.4200 g LiOH + 10 mL glycerol + 20 mL distilled
water was added and continued stirring for 30 min, heated for
15 min, refluxed for 2 h at 160 °C and thne centrifuged at 845
rpm. The collected precipitate was kept for further analysis.
Characterization: Fourier transform infrared (FT-IR)
spectroscopy was used to identify the functional groups present
in the prepared sample using Perkin-Elmer spectrum two (FT-
IR). The spectra were recorded in the range of 4000-400 cm™
in the transmittance mode. Transmission electron microscope
(TEM, JEOL JEM-2100, Japan) operated at 200 kV was used
for studying the shape and size of the materials. The photolumi-
nescence (PL) spectra and lifetimes of these powder phosphors
were recorded using a Hitachi F-7000 FL spectrophotometer
equipped with a 150 W Xenon lamp as a source. All of the
measurements were carried out at room temperature. The iron
contents in the nanocomposites were determined by inductively
coupled plasma optical emission spectroscopy using a Perkin-
Elmer OPTIMA 5300 DV ICP-OES operating in the range of
165-782 nm. The X-ray analysis of the prepared nanoparticles
were measured by using a PAN-alytical powder X-ray diffracto-
meter (X-Pert-PRO) equipped with a CuKot (1.5406 A) radiation
source and Ni filter. Unit cell parameters were calculated using
the Unit Cell Program (rTim Holland and Simon Redfern). The
crystallites size (d) was calculated using the Scherrer’s equation:

de 0.94%
BcosO

where A is the wavelength of the X-ray beam, 3 is the full width
at half maximum (FWHM) of a diffraction peak and 6 is the
diffraction angle.

The magnetic measurements were carried out by using
vibrating sample magnetometer (VSM) at room temperature
using a Lakeshore VSM 7410 instrument in an applied magnetic
field of + 1.5 T. The magnetization studies are performed in
the powder state. The measurements of the induction heating
ability of the magnetic nanoparticles and nanocomposites were
performed using Easy Heat 8310, Ambrell, U.K. The instrument
was equipped with induction coils and a provision for water
circulation through their coils in order to maintain ambient
temperature. The sample suspended in 1 mL of deionized water
was taken in a 1.5 mL micro-centrifuge tube and this was placed
at the centre of the coil without touching the walls. The sample
was heated using a current of 300 A up to 10 min (600 s). The
resultant magnetic field (H) generated due to the applied current
(i) was calculated using the following relation:

H= 1.257ni

(Oe)

where n is the number of turns in the coil and D is the diameter
of the turn in cm. The magnetic field intensity is then converted
to kA m™ s™' units to compare with the clinical threshold of
magnetic field intensity. The temperature of the system, where
the sample was kept in the centre of coil was recorded using

an optical temperature sensor (Photon R & D, Canada) with
the accuracy of + 0.01 °C. A copper (Cu) coil has a frequency
of f =178 kHz, which corresponds to the measurement window
time of 5.6 x 10 s. The coil of diameter (D) = 7 cm, numbers
of turns (n) = 6 and its operating frequency (f) = 178 kHz gen-
erated two magnetic field strengths (Hf) of 3.05 x 10°and 4.58
x 10°kA m™ s™" when 200 and 300 A current were respectively
passing through the coil. The sample concentrations of 2, 5,
10, 15 and 20 mg of the magnetic-luminescent nanocomposites
dispersed in 1 mL of deionized water were measured for their
heat generation efficiency.

MTT cell viability assay: Cancer cells (HCT116 cell line)
were seeded on 96-well plate at 5 x 10° to 7 x 10? cell per well.
After the attachment of the cells (after 24 h of incubation), the
old media was discarded and the cells were treated at concentra-
tion gradient of 7 ug/mL to 500 pg/mL. The plates were then
incubated for 48 h in 5% CO; incubator at 37 °C. Then, 20 uL
of MTT dye solution (5 mg/mL) was added to each well and
left in incubator for 4 h. After the incubation all the media were
removed carefully and the formazan was solubilized using
DMSO. The solubilization solution (DMSO, 100 puL.) was added
to each well and the absorbance at wavelength of 570 nm in a
microplate reader was noted. The quantity of formazan produced
(as measured by the absorbance at 570 nm) is directly propor-
tional to the number of living cells [27]. The absorbance of
the treated cells was compared with that of the control. The
experiments were conducted in triplicate wells and repeated
twice. The ICs, was determined using GraphPad Prism.

RESULTS AND DISCUSSION

XRD studies: Fig. 1a shows the X-ray diffraction (XRD)
patterns of Fe;O, nanoparticles obtained in the 20° to 70° range
in 20. The diffraction patterns of Fe;O,4 can be indexed well to
the cubic phase in accordance with the reference JCPDS 85-
1436. The calculated lattice parameter (a) and unit cell volume
(V) of Fe;O4nanoparticles are a = 8.394 A and V = 591.29 A%,
The crystallite size calculated using Scherrer formula from
the (311) peak is found to be 7.4 nm. Fig. 1b shows the X-ray
diffraction (XRD) patterns of Fe;0,@GdVO,4:Eu* nanocom-
posite. The asterisks (*) in the figure denote the diffraction peaks
of the Fe;O, cubic phase and the strong diffraction peaks at
24.65°1n 20 is i.e. (200) plane is from the tetragonal phase of
GdVO,:Eu*. The diffraction patterns of GdVO,:Eu** match
well with the tetragonal crystalline structure in accordance with
the JCPDS card No. 72-0277. The lattice parameter (a) and
unit cell volume (V) of Fe;O4 nanoparticles are a=7.218 A, C
=6.340 and V = 330.38 A’ respectively. The crystallite size
calculated from (200) peak is found to be 53.3 nm. In the
diffraction pattern of nanocomposite, the peaks due to the cubic
phase of the Fe;O, component cannot be observed distinctly.
This could be due to the small size of the Fe;O, nanoparticles,
which could give low intensity peaks and the larger GdVO,:
Eu** dominates the diffraction peaks.

Elemental analysis: The estimation of Fe content by ICP
analysis found that 8.5 mg of Fe;0,@GdVO4:Eu* nanocom-
posite contained 33.99 wt.% (57.78 ppm). The diluter factor
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Fig. 1. X-ray diffraction patterns of the (a) Fe;O4 nanoparticles and (b)

Fe;0,@GdVO,:Eu* nanocomposite. The asterisk in (b) denotes the

cubic phase due to the Fe;O, nanoparticles in the nanocomposite

is 1 and the value is 50 mL. This wt.% corresponding to 2.89
mg of Fe i.e. 3.99 mg of Fe;O4approximately.

FTIR spectral studies: In, Fig. 2a, the FTIR peak at 659
cm corresponds to Fe—O vibration, whereas the peak at 1617
cm’ corresponds to O—H bending vibration and the broad peak
around 3470 cm™ corresponds to stretching vibration of O—H.
The vibrational due to the CH, groups of polyethylene glycol
molecule can be observed as weak bands in the 2900-2840 cm'!
region. This indicates the coating of the Fe;O, nanoparticles
by the polymer on its surfaces. In Fig. 2b, the FTIR spectrum
of Fe;0,@GdVO,:Eu* nanocomposite is shown. The Fe-O
and the V-0 stretching modes can be observed at about 611
and 865 cm’', respectively [13,14]. The peaks in the 1760-
1290 cm™ region correspond to the CH, deformation. And the
CH; stretching vibrations are observed in the 2900-2840 cm™
cm region, whereas the presence of O—H can be justified by
the broad peaks centered at 3452 cm™.

(a) Fe;0,

% Transmittance (a.u.)

(b) Fe,0,@GdVO,:Eu’"

V-0

I T T T T T T T T T T T T T T T T T 1
400 800 1200 1600 2000 2400 2800 3200 3600 4000
Wavenumber (cm™")

Fig. 2. FTIR spectra of the (a) Fe;O4 nanoparticles and (b) Fe;0,@GdVO,:
Eu’* nanocomposite

TEM study: The TEM images of the Fe;0,@GdVO.:Eu™*
nanocomposite are shown in Fig. 3a-c. It is observed that the
sample consists of particles of mainly two different sizes. The
particles with smaller dimensions less than 10 nm are the Fe;O4
nanoparticles, whereas the particles of nearly 100 nm in size
are the GAVO4:Eu™ nanoparticles. It was also observed that the
magnetic Fe;0, and the luminescent GAVO.:Eu** nanoparticles
are adhered to one another. This provides the multimodality
of the magnetic-luminescent nanocomposites. Fig. 3d shows
the selected electron diffraction (SAED) pattern of the Fe;0.@
GdVO,:Eu* nanocomposite. Rings of bright spots can be
observed, which indicates the well crystalline nature of the
nanocomposite.

VSM analysis: Fig. 4 shows the magnetization (M) versus
applied magnetic field (H) for the Fe;O, nanoparticles and
Fe;0,@GdVO.:Eu** nanocomposite. The saturation magneti-
zation (Ms) of the samples is calculated from the linear fitting
of the plot of M versus 1/H since the superparamagnetic iron
oxide nanoparticles do not acquire saturation of the magneti-
zation for the applied magnetic field upto 1.5 x 10* Gauss. The
magnetization retentivity (M,) and the coercivity (Hc) of the
samples are reported as obtained from the measurement. The
Fe;0, nanoparticles exhibit the M, M, and H. values of 56.52
emu/g, 3.00 emu/g and 58.76 Gauss respectively. The M;value
for the Fe;0, is sufficiently high and it suggests a good response
towards the application of an external magnetic field. The low
M.; value also suggests the quick loss of magnetization once the
external applied magnetic field is removed. The Fe;0,@GdVO,:
Eu**nanocomposites exhibit the M, M, and H. values of 24.09
emu/g, 0.77 emu/g and 40.48 Gauss, respectively. The M; and
the M, values for the nanocomposite are relatively lowered due
to the decreased content of Fe;Os. However, it still suggests a
good response is exhibited to the applied magnetic field. Here,
both the nanoparticles and the nanocomposites do not exhibit
zero H. values. This could be because of the slight agglomera-
tion of the magnetic nanoparticles. Otherwise, the H. value will
be zero for ideal superparamagnetic nanoparticles. The
application of such magnetic nanoparticles or the magnetic-
luminescent nanocomposites for hyperthermia must have the
ability to generate efficient heat dissipation within the limits
of strength and frequency of the magnetic field. The ability of
the heat dissipation is strongly dependent on the response of
the magnetic nanoparticles towards the external magnetic field.
Since the Fe;O. nanoparticles and Fe;0,@GdVO,:Eu** nano-
composite show good magnetization responses, these materials
will be potential candidates for magnetic fluid hyperthermia.

Induction heating studies: The induction heating measure-
ments were carried out for surface modified Fe;O4 nanoparticles
under different current strengths (200 A and 300 A) for 10 min.
The magnetic nanoparticle suspensions were prepared by
dissolving 2.5, 10, 15 and 20 mg of magnetic samples in 1 mL
of distilled water. The heating ability of the magnetic nano-
particles was found dependent on its concentration and current
applied. For each concentration, the time required to increase the
temperature decreases as the current strength increases. Speci-
fically, between 41 and 46 °C, the hyperthermia temperature,
was efficiently attained at current intensities of 200 A and 300 A.
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Fig. 3. (a,b,c) TEM images and (d) selected are electron diffraction (SAED) pattern of the Fe;0,@GdVO,:Eu** nanocomposite
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Fig. 4. Plot of magnetization versus applied magnetic field for the (a) Fe;O.
nanoparticles and (b) Fe;0,@GdVO,:Eu* nanocomposite
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A current over 400A is unsustainable due to the excessive heat
generated in the coil, which surpasses the physiological temp-
erature (37 °C). The generation of heat from the Fe;O. sample
at 200 A current strength is shown in Fig. 5a. It was observed
that at 200 A, the slopes of each temperature versus time plot
increase with increasing Fe;O. concentration.

At200A, itis observed that 2 mg and 5 mg content samples
were not able to achieve hyperthermia temperature. Whereas
10 mg content sample can generate the hyperthermia temp-
erature. Moreover, 15 and 20 mg contents of samples can also
achieved hyperthermia temperature in a shorter duration in
applying magnetic field. On increasing the sample to 15 mg
and 20 mg, the rate of heat generation increases faster. This
result suggests the advantages of current strength dose depen-
dent application.

The similar patterns of slopes were found at 300 A current,
the slopes of each temperature versus time plots increase with
increasing Fe;O, concentration (Fig. 5b). Additionally, 2 mg
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Fig. 5. Induction heating profiles for different concentrations (2-20 mg/mL) of the samples: (a) Fe;O, at 200 A; (b) Fe;O4 at 300 A; (c)
Fe;0,@GdVO,:Eu* at 200 A and (d) Fe;0,@GdVO,:Eu** at 300 A

and 5 mg samples are also not able to achieve hyperthermia
temperature. However, it is found that 10, 15 and 20 mg concen-
tration can be beneficial for hyperthermia temperature and time
dependent target drug delivery. Keeping into consideration the
dose, time of exposure and magnetic field strength will be key
factors to enhance the heating and killing of tumors with mini-
mal invasiveness and therefore will not cause thermal ablation
of the cells and tissue in the vicinity of target.
Photoluminescence study: Fig. 6 shows the excitation
spectrum of the Fe;04@GdVO,:Eu* nanocomposite. The emis-
sion wavelength is monitored at 615 nm of Eu’*. A strong exci-
tation band is observed at about 300 nm corresponding to the
spin allowed 'A, ('T;)—'A;('E) charge transfer (CT) transitions
in VO, group. The excitation peaks of Eu’* are not observed
as the CT excitation is very intense. Fig. 6b shows the emission

spectrum of Fe;0,@GdVO4:Eu** nanocomposite after excit-
ation at 300 nm. The spectrum exhibits emission bands at 540
(5D1—)7F1), 560 (SDl—)7F2), 581 (SD()—)7F()), 595 (SD()—)7F1), 615
(’Dy—"F,), 652 (*Dy—"F3) and 710 ("Dy—’F,) nm [18]. Among
these, the emission at 615 nm is the strongest and the nanocom-
posite sample gives red light. Here, since the nanocomposite
sample contains only Eu** as lanthanide emitter, the ultraviolet
radiation is used to excite the sample as a model probe. However,
the luminescent component can be replaced by an upconver-
sion phosphor and the infrared radiation will be applicable for
excitation and can be more beneficial for non-invasive imaging
applications.

In vitro cell viability studies: The in vitro biocompatibi-
lity profiles of Fe;04@GdVO,:Eu** nanocomposite are shown
in Fig. 7. The Fe;04@GdVO,:Eu* nanocomposite shows high
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Fig. 7. Biocompatibility profiles of the Fe;0,@GdVO,:Eu** nanocomposite

viability in HCT116 cell and the viability of cell decreases
with increasing concentration of nanocomposite. It can have
viability up to 75.82% for 200 ng/mL.

Conclusion

In this work, an novel magnetic materials Fe;0,@GdVO.:
Eu’* nanocomposite emitting red light was prepared to investi-
gate its capacity for heat generation when subjected to alter-
nating magnetic fields. The XRD analysis shows that Fe;O,
crystallized in a cubic structure whereas the mixed phase of
cubic and tetragonal structure was observed for Fe;0,@GdVO,
:Eu** nanocomposite. From the FTIR study, it is observed that
the prepared nanoparticles and nanocomposite were well capped
by PEG 400 as solvent medium and capping agent. TEM images
of the Fe;0,@GdVO,:Eu* nanocomposite consist of particles
of mainly two different sizes-one with smaller dimensions of
less than 10 nm for Fe;O4 nanoparticles and another of nearly
100 nm in size for GAVO,:Eu** nanocomposite. From the hyper-
thermia study, Fe;O, and Fe;0,@GdVO,:Eu** exhibit high
heating efficiency. The magnetization values for Fe;O, and

Fe;0,@GdVO,:Eu** were found to be 56.52 +emu/g and 24.09
emu/g, respectively. The photoluminescence properties of
Fe;0,@GdVO,:Eu™ was carried out which shows a strong red
emission at 615 nm after exciting at the host (VO, group). From
the above results, it can be concluded that the prepared samples
represent an attractive nanoscale platform for a variety of appli-
cations that rely on magnetic fluid hyperthermia. The synthe-
sized samples are found to be highly compatible with blood
with less than 5% hemolysis. It is worth mentioning that the
results are significantly safe for biomedical applications.
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