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ABSTRACT

This study underscores the role of nanocarbons in enhancing the photoluminescence (PL) of Fe;0,/Zn0 nanocomposites and their
potential applications in biomedicine. As previously known, the PL intensity of ZnO decreased due to the quenching effect by Fe30,.
This study investigated the effect of carbon addition on the crystal structure, photoluminescence, and magnetic properties of the
nanocomposites. Four nanocarbon mass variations, i.e., 0.2, 0.1, 0.05, and 0.03 g, were used to synthesize the Fe304/Zn0-C
nanocomposites. The X-ray diffraction (XRD) measurements of the nanocomposites displayed Fe;0,4, Zn0O, and carbon phase structures
with no impurities. The transmission electron microscopy (TEM) images and fast Fourier transform (FFT) analysis confirm that the
ZnO crystals and carbon covered the Fe304 nanoparticles. The Fourier transform infrared spectroscopy (FTIR) analysis reported a C-
0 absorption peak, corresponding to the hybridization between carbon and the Fe304/Zn0 nanocomposites. The VSM data indicated
that higher carbon concentration led to lower magnetic saturation. Likewise, PL measurements reported that adding a small amount
(0.05 g) of carbon could significantly increase PL intensity. The strongest light emission was found with 0.05 g of carbon, showing the
brightest orange light at a wavelength of 660 nm; the magnetic saturation measured 22.05 emu/g, and the crystallite size obtained
was 21.36 nm for Fe304 nanoparticles and 21.34 nm for ZnO nanoparticles. The composition of 0.05 g carbon is the optimum value for
producing photoluminescence and magnetic properties for biomedical applications. Therefore, the optical and magnetic properties of
the Fe304/Zn0 nanocomposite could be adjusted by surface modification with carbon to improve their application in imaging,

diagnostics, and cancer treatment.
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1. INTRODUCTION

Over the last decade, many studies have focused on Fe30a-
based composites for biomedical applications (i.e.,
diagnosis, imaging, and therapy) due to their
biocompatibility, ease of synthesis, and compatibility with
other materials composites [1-2]. Several studies have also
integrated different materials, polymers [3], folic acid [4],
chitosan [5], and silica [6] into Fe30s-based composites to
improve their stability and biocompatibility for bioimaging
applications. In most multimodal biomedical applications,
a combination of Fe30s+ magnetic materials and
luminescent materials is required [7]. For example,
lanthanides [8], semiconductors [9, 10], and carbon-
derived materials graphene have been used for
luminescence [11]. Among the luminescent materials, zinc
oxide (ZnO) is particularly interesting as it is a non-toxic
substance with no indication of carcinogenicity,
genotoxicity, or reproduction toxicity. In addition, it has
good biocompatibility and, thus, may be employed for
biological applications [12].

Several researchers have reported surface modifications of
ZnO to increase its photoluminescence (PL) intensity. For
example, rare earth ion doping improved the PL of ZnO
[13], but rare earths are unsuitable for biomedical
applications due to their toxicity. As an alternative, ZnO
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was modified with various carbon allotropes to obtain a
novel hybridized structure with PL intensity that could be
modulated. Some examples like carbon black-hybridized
Zn0O quantum dots (QDs) [14], graphene-embedded ZnO
film [20], carboxylate-capped ZnO QDs [15], and carbon
decorated T-ZnO have enhanced PL properties [16]. Hence,
the effective combination of the magnetic material Fe304
and ZnO presents a potentially effective biomedical
material [13]. The synthesis of Fes04/Zn0 nanocomposites
has been extensively studied. However, research on their
application as a bioimaging material requires further
investigation into the quenching effect of Fe on ZnO, which
reduces the luminescence intensity of ZnO. Likewise, only
a few studies have investigated an easy in-situ growing
method to remarkably enhance the visible PL intensity of
Fe304/ZnO0 for medical applications.

This study synthesized a hybrid nanocomposite of
Fe304/Zn0 and nanocarbon material with enhanced PL and
magnetic properties. Fes04/Zno was synthesized using the
coprecipitation method. The focus of this research was to
reduce PL quenching by Fe30, on ZnO and increase
Fe30,/Zn0 PL by passivating the ZnO surface to reduce
agglomeration using nanocarbon. Previous studies have
not determined the optimal amount of nanocarbon
required to achieve photoluminescent and magnetic
properties in Fe304/Zn0. Therefore, this study emphasizes
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the optimum amount of carbon needed to obtain suitable
biomedical applications. Surface properties were also
studied for their effect on the functional properties of ZnO
in Fe304/ZnO nanocomposites. This article reported that
adding small carbon atoms increased the PL intensity of the
hybrid Fes04/Zn0-C nanocomposites.

2. METHODOLOGY

Fe304/Zn0 nanocomposites were synthesized using iron
(IIT) chloride hexahydrate (FeCls.6H20, Merck), iron (II)
sulfate  heptahydrate (FeS047H20), zinc nitrate
(ZnO(NO3)2), ammonium hydroxide (NH4OH, 21% NH3)
were obtained from Merck. Carbon was synthesized using
polyethylene glycol (PEG), and glucose was the product of
Bratachem, Indonesia. Aquadest and 96% alcohol were
obtained from Bratachem, Indonesia.

2.1. Fe304/Zn0 Nanocomposite Synthesis

The Fe304,Zn0 nanocomposite was synthesized based on
our previous protocol [17], which modified the method
reported by Madhubala and Kailavani [8]. In order to create
the Fe;0, composites, 30 mL of aquadest (distilled water)
was used to dissolve FeS0,.7H,0 and FeCl3.6H,0 in a molar
ratio of 1:2. The solution turned solid black when 30 mL of
NH,OH were added gradually to the homogeneous
solution, and reach PH 11. A magnetic stirrer agitated the
solution for 120 minutes at 60 °C. A permanent magnet was
used to precipitate the solution, and then the precipitate
was washed three times wusing aquadest. Fe30a
nanoparticles that have been formed were coated with ZnO
nanoparticles. The steps for coating Fe304 with ZnO were
as follows: 30 mL of NH,OH were added after dissolving
zinc nitrate (ZnO(NO3);) in 100 mL of aquadest. After
mixing the ZnO(NO3), solution with the Fe;0, precipitate,
it was agitated for 24 hours at 70 °C using a magnetic
stirrer. After precipitating and separating from the solvent,
the solution underwent three rounds of washing. After
drying at 300 °C in a furnace for two hours, the precipitate
was crushed with a crusher and pestle to create Fe;0,/Zn0
powder.

2.2. Coupling of Carbon with Fe304,Zn0 Nanocomposite

The hybrid Fes04,Zn0-C nanocomposite was synthesized
using our previous protocol [18]. Pure carbon was first
extracted before coupling with the Fe304/Zn0
nanocomposite. A digital analytical scale weighed 0.53 g of
PEG and 1.8 g of glucose (1:2), which were then dissolved
in 25 ml of aquadest. After that, the solution was agitated
for 30 minutes at 450 rpm using a magnetic stirrer. The
solution was dried in an oven set to 300 °C for three hours
to get pure carbon. The carbon was then ground until it was
smooth. After that, 10 milliliters of aquadest were mixed
with 0.2 grams of carbon powder. To create very fine
Fe304/Zn0-C powder, 0.4 g of the powder was then added
to the carbon solution, agitated with a magnetic stirrer for
1 hour at 90 °C, and dried for 3 hours at 250 °C. Further
synthesis was conducted with the same procedure.
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2.3 Instrumentation

A wide range of methods and approaches defines
nanostructure. In general, there are two procedures in
nanostructural characterization, namely chemical and
morphological characterization. Fe304/Zn0-C
nanocomposite characterization in this report includes
characterization of the crystal structure using X-ray
diffraction (XRD) measurement (Bruker D8 Advance). The
diffractogram was obtained by using Cu-Ka radiation
(A=1.5406 A) in the range 10°<208°<100° with steps of
0.02°. The morphology of the samples was analyzed using
transmission electron microscopy (TEM) technique (FEI
Tecnai G2 20 S-Twin), while PL analysis was investigated
using Horiba MicOS PL Microspectrometer.
Photoluminescence spectra were obtained using an
excitation wavelength of 325 nm. Determining functional
groups using Fourier transform infrared spectroscopy
(FTIR) (Nicolet iS50). These measurements were
performed in the frequency interval of 4000-400 cm~! with
a resolution of 1.29 cm-1. Analyzing magnetic properties
using VSM (VSM250). The measurements were taken at
room temperature (25 °C) and under different applied
magnetic fields from -7 to +7 kOe.

3. RESULTS AND DISCUSSION
3.1. XRD Analysis

The different concentrations of carbon in Fe304/Zn0-C
nanocomposites were analyzed with XRD in terms of their
structure and crystallinity. XRD results of Fe304
nanoparticles, Fe304/Zn0, and Fe304/Zn0-C
nanocomposites are displayed in Figure 1. The Fe304
diffraction data was compared to the ICDD standard data
with reference code 01-088-0315. The diffraction peaks
with Miller indices (220), (311), (400), (442), (511), (440),
and (533) corresponded to 26 of 30.16°, 35.56°, 43.14¢,
53.589, 57.15°, 62.85°, and 74.16°, respectively. The Fe304
crystal structure was cubic, with lattice parametersa=b =
¢ = 8.37 A. Meanwhile, ZnO has lattice constants around a =
b =3.25 A and ¢ = 5.21 A (ICDD, reference code 01-089-
7102). The peaks at around 31.74¢°, 34.42°, 36.25°, 47.61°,
56.77°, and 62.97° correspond to the (100), (002), (101),
(102), (103), (112), and (201) ZnO planes, based on the
JCPDS 01-089-7102, confirming the typical ZnO hexagonal
wurtzite structure.

XRD pattern for Fes04/Zn0 nanocomposites showed that
impurity-free Fe304 and ZnO phases formed. According to
these data, the crystal structure and lattice parameters of
the Fes30s4 phase did not change. XRD data for the
Fe3s04/Zn0-C nanocomposite revealed the formation of
three phases, namely Fe304, Zn0O, and C (graphitic). Neither
Fe304 nor ZnO exhibited changes in the crystal structure,
namely cubic and hexagonal wurtzite, but there was a slight
change in the ZnO lattice parameters, namely a=b = 3.24 &
and ¢ = 5.17 A. Decreased crystallite size correlates with a
drop in a lattice parameter.
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Figure 1. The diffraction pattern of Fe304, Fe304,Zn0,
Fe304,Zn0-C (0.03 g), Fe304/Zn0-C (0.05 g), Fe304,Zn0-C (0.1 g),
and Fe304,Zn0-C (0.2 g).

The decrease is because smaller crystallites tend to have
higher lattice defects or strain concentrations, which are
frequently indicated by a smaller lattice parameter.
According to reference number 01-073-5918, the carbon
phase was identified with a rhombohedral crystal
structure. Based on XRD data, it is known to have a lattice
constant a =b = 2.51 A and ¢ = 10.20A. Every Fes04 phase
exhibited a cubic crystal structure, including Fe304/Zn0-C
nanocomposites containing 0.2, 0.1, 0.05, and 0.03 g of
carbon. Likewise, ZnO had a hexagonal wurtzite crystal
structure in all samples [17, 18].

No changes were observed in the lattice constant of the
Fe304 phase for all samples. However, there was a slight
decrease in the lattice constant in the ZnO crystals in the
Fe304/Zn0-C nanocomposite. The shrinkage of the lattice
constant is caused by the presence of carbon on the ZnO
surface. The diffraction peak at the Miller index (101) was
absent when the amount of carbon added to the Fe304,Zn0O-
C nanocomposites was increased (i.e., 0.05, 0.1, and 0.2 g).
The addition of carbon affected the PL of ZnO (Figure 4). In
the Fes304/Zn0-C nanocomposite (0.05 g), a carbon
diffraction peak was visible at 20 = 49.289, corresponding
to the Miller index (102). In the Fes304/Zn0O-C
nanocomposite (0.2 g), there were more carbon diffraction
peaks corresponding to the increased carbon content in the
composite. The decrease in the diffraction peakinthe 0.2 g
carbon sample was caused by a decrease in crystallinity,
which can be seen from the decrease in crystal size, as
shown in Table 1. Increasing the amount of carbon can
decrease long-range crystal order since it can result in
lattice strain and defect states. The decrease in the
diffraction peak in the 0.03 g carbon sample was likely
caused by dislocations in the Fe;0,/Zn0 crystals [8,9]. The
calculation of crystal size using the Scherrer equation (1)
can be written as,

_ Ka
- B cos @

(1)
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The nano crystallite size (D) was determined using the
Scherrer equation and XRD radiation with a wavelength of
A (nm). The calculation was done by measuring the whole
width at half maximum of peaks () in radians at any 26 in
the pattern. Typically, K's form factor is estimated to be
around 0.89. The crystal size for each sample is displayed
in Table 1.

Table 1. Crystal sizes of the Fe304 and ZnO phases for each
sample variation.

Samples D (Fes304 D (ZnO
(nm)) (nm))
Fes304 16.39 -
Zn0O - 23.27
Fe304/Zn0 20.61 23.21
Fe304/Zn0-C (0.2 g) 20.67 20.39
Fe304/Zn0-C (0.1 g) 21.31 21.34
Fe304/Zn0-C (0.05 g) 21.36 21.34
Fe304/Zn0-C (0.03 g) 24.19 23.26

There was a slight increase in the crystal size of Fe304 and
ZnO after adding carbon (Table 1). Carbon addition also
decreased the diffraction intensity in the Fe304 phase and
suppressed some ZnO peaks. The decrease in intensity
indicated that the carbon effectively coated the Fe304/Zn0
surface. Furthermore, no peaks between Fe304 and ZnO or
other oxide bonds were observed in the XRD pattern, which
confirmed the formation of a pure Fe304/Zn0-C
nanocomposite structure.

3.2. TEM Analysis

TEM images of the Fe304/Zn0O-C (0.2 g) nanocomposite
were taken to observe the morphology of the
nanocomposite [Figures 2(a) and (b)]. Fe304 and ZnO
nanoparticles were spherical with a 15-24 nm diameter. In
contrast, carbon particles had a nanorod shape of 7-10 nm
diameter. The Fe30s nanocomposite had a well-defined
crystalline with a lattice spacing of d = 0.29 nm (Miller
index: 220), and the ZnO composite had a lattice spacing of
d = 0.28 nm (Miller index: 100) (Figure 2c). Figure 2 (d)
show the FFT analysis of Fe3s04/Zn0-C. Fes04 and ZnO had
high crystallinity, which could be inferred from the sharp
Fe304 and ZnO peaks in the diffractogram, whereas carbon
displayed low crystallinity [16].
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Figure 2. TEM images of the Fe304,Zn0-C (0.2 g)
nanocomposites (a-b), d-spacing of Fe304 (c), Fast Fourier
Transform (FFT) analysis (d), and Illustration of the morphology
of Fe304/Zn0-C (0.2 g) nanocomposite (e).

An illustration of the morphology of the Fe30,/Zn0-C
nanocomposite (0.2 g) is shown in Figure 2e. ZnO and
carbon particles surround fes;0, particles in the form of
nanorods. This morphological structure supports the
application of Fe30,/Zn0-C nanocomposites as biomedical
materials. The carbon in the outermost layer also functions
as a biocompatible layer and maintains the dispersibility of
the nanocomposite in water.

3.3. FTIR Analysis

FTIR was measured at 400-4500 cm! for Fe304/Zn0O and
Fe304/Zn0-C (0.2 g) nanocomposites. The FTIR spectra of
the Fe304/Zn0O and Fe304/Zn0-C nanocomposites are
displayed in Figure 3. The Fes04/Zn0O nanocomposite
exhibited an O-H group at a wavenumber of 3392.79 cm-1.
The absorption peak indicated hydrogen bonds were
formed on the Fe304 surface [19]. The absorption at 400-
500 cm-! denoted Zn-0O bonds. The formation of Fe304 was
confirmed by the presence of Fe-O bonds at 524.64 and
619.15 cm! [20, 21]. The FTIR spectrum of Fe;0,/Zn0-C
looks slightly different from the spectrum of Fe3;0,/ZnO.
The Fe304/Zn0-C (0.2 g) nanocomposite peaked at 2945.30
cm, corresponding to a C-H bond formed in the
nanocomposite. Furthermore, the vibrational modes
appearing at 1702 and 3408 cm! in the Fe304/Zn0-C (0.2
g) correspond to the symmetric stretching of ~-COOH and
symmetric stretching of OH, indicating the presence of
carbon at the nanocomposite surface [20]. The C-C
vibration appeared as a peak at 1653.64 cm'L. There were
octahedral Fe-O bonds at the peak of 524.64 cm-l. The
vibrations of the Zn-0 bond occurred at 416.62 and 445.56
cml,
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Figure 3. The FTIR spectra of Fe304/Zn0 and Fe304,Zn0-C
(0.2 g).
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In addition, a new peak (labeled as X) was identified at
1024.20 cm?, which could denote the interaction between
carbonyl moieties of C with O from the Fe304/Zn0
nanocomposite. The absorption with lower energy than the
C-H bond identified at 2945.30 cm could justify the
interaction. This prediction could be validated because the
wavenumber is proportional to the inverse square of the
reduced mass (¢). In this regard, we could approximate the
C-0 bond as follows:

Hc-H
dc-o

()

Wec-_o = Wc-p

By inserting the appropriate parameter values in
equation (2), the estimated w(c-0) was 1061.94 cmL. The
w(c-0) that we obtained was relatively close to the X peak at
1024.20 cmL. The C-0, C-H, and O-H bonds indicated that a
carbon originating from glucose was present. Likewise, the
C-O bond indicated hybridization occurred between
carbon and the Fe304,Zn0 nanocomposite. The observed
peaks validated the successful hybridization of C to the
Fe304/Zn0 nanocomposites.

3.4. PL Analysis

The PL spectra for all samples are displayed in Figure 4.
Photoluminescence spectra were obtained using an
excitation wavelength of 325 nm. There were two emission
peaks: a narrow UV emission peak and a broad visible light
emission peak ranging from 500 to 800 nm. The optical
activity of ZnO's intrinsic defects, which produced near-
band edge (NBE) excitons, was shown by the UV emission
peak (E = 3.4 eV). On the other hand, the visible light
emission showed the presence of ZnO defects and
correlated with the electron transition in deep-level
emission (DLE). Defects can form during the synthesis of
nanocomposites, especially defects on the surface of ZnO,
including oxygen vacancies (Vo), Zn vacancies (VZn),
oxygen interstitial (Oi) and anti-sites (0Zn), and Zn
interstitial (Zni) [19]. All samples’ emission peak
characteristics were relatively similar, indicating a similar
PL mechanism. DLE is caused by permissible levels within
the ZnO band gap that produce transitions with energies in
the visible range of the light spectrum. The broad emission
band observed in the visible light region was due to the
superposition of emissions resulting from several electron
transitions [19]. Band broadening in the visible light region
started from the blue, yellow, orange, and red emission
peaks, which corresponded to wavelengths of 410 nm (E =
3.0eV), 620 (E=2.1eV), 660 (E=19¢eV),and 760 nm (E =
1.6 eV), respectively. Band broadening is often caused by
interstitial oxygen (0Oi) and interstitial zinc (Zni). The
transition between the Zni and Oi levels happened at
around 1.9 eV, leading to an orange emission because the
interstitial level was 0.22 eV below the conduction band.
[22, 23].

The differences between the Fe304,Zn0-C nanocomposite
DLE emission bands for all carbon concentrations (0.03,



0.05, 0.1, and 0.2 g) are also displayed in Figure 4.
Generally, there was an increase in PL intensity in the
presence of carbon. However, adding 0.05 g of carbon
significantly increased the PL intensity of Fe304/Zn0-C
compared to 0.2, 0.1, and 0.03 g of added carbon. Therefore,
the findings suggested that 0.05 g of carbon is the optimum
amount required to increase the recombination rate of
electrons and holes by transferring photoexcited electrons
from carbon to the defect level. Electrons moved to various
defect levels recombine with holes in the valence band,
boosting PL emissions [24]. By increasing the carbon
concentration from 0.03 g to 0.05 g, ZnO may develop
localized defect states that change the wavelength and
intensity of photoluminescence by acting as trap states or
radiative recombination centers. However, increasing
amounts of carbon could reduce the PL intensity due to the
quenching effect of carbon. Quenching happens as a result
of processes that non-radiatively eliminate excited state
energy. Deep-level traps may be introduced by carbon
atoms on the ZnO surface. By increasing non-radiative
recombination, these traps lower PL. Energy transmission
between nearby luminous centers results in non-radiative
routes at high carbon concentrations.
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Figure 4. PL spectra of Fe304/Zn0 and Fe304,Zn0-C
nanocomposites.

Another difference identified in the DLE emission band was
the emergence of a new peak, red emission in the PL
spectrum of Fe304/Zn0-C around 750-760 nm (1.6 eV),
which could also be associated with carbon [25]. The sp?2
domains of the m-m* transition and n-m* transition on the
surface functional groups were responsible for the two
notable absorption peaks of carbon at 450 and 510 nm,
respectively [16, 26-29]. PL and electron-hole pair
recombination are intimately associated. Thus, it could be
concluded that the higher PL intensities resulted in faster
recombination of electron-hole pairs and vice versa.
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3.5. VSM Analysis

VSM characterization of Fes04/Zn0-C nanocomposites was
performed at room temperature (Figure 5). All samples
exhibited narrow hysteresis curve areas. Particles can
spontaneously change their orientation, resulting in near-
zero remanence and negligible coercivity fields, which are
characteristics of superparamagnetic samples [30]. The
magnetic saturation (Ms) values of Fe304 and Fe304/Zn0
were 68.10 and 66.38 emu/g, respectively [4]. The field
coercivity (Hc) values for Fe304 and Fe304,Zn0 were 40.22
Oe and 44.92 Oe, respectively. The Fe304/Zn0-C coercivity
field values for each concentration of carbon nanorod 0.2,
0.1,0.05,and 0.03 g were 92.29,92.90, 89.60, and 94.41 Oe,
respectively. The magnetic saturation values of Fe304,Zn0O-
C nanocomposites with 0.03, 0.05, 0.1, and 0.2 g of carbon
were 35.85, 22.05, 19.33, and 18.23 emu/g, respectively.

80

——Fe,0,

—— Fe;0,/Zn0
Fe;0,/Zn0O-C (0.03 g)

—— Fe;0,/Zn0-C (0.05 g)

—— Fe;0,/Zn0-C (0.1 g)
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n
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Figure 5. M-H curves of Fe304, Fe304,Zn0, and Fe304/Zn0-C
nanocomposites.

As the amount of carbon increased, the magnetic saturation
levels dropped. The diamagnetic properties of carbon
caused this decrease in magnetic saturation value.
Interactions between carbon atoms and Fe304/Zn0 might
alter the hybridization of d orbitals, which can impact
exchange interactions and inhibit Fe3z04's ferromagnetism.
In contrast, there was an increase in the coercivity field
with increasing carbon content. The increase in coercivity
was due to an increase in crystal size; thus, the magnetic
moment also increased accordingly. The crystal orientation
was not easily influenced by external fields, like pure Fe304
[31]. The relationship between magnetic properties and
crystal size was consistent with the crystal diameter
measurements based on XRD characterization in Figure 1
and Table 1. Based on the XRD data, there was an increase
in Fes04 crystal size with increasing carbon content. The
measured Ms and Hc values for all samples are displayed in
Table 2.
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Table 2. VSM measurement results for each sample.

Samples Ms Hc

(emu/g) (Oe)
Fe304 68.10 40.22
Fe304/Zn0 66.38 44.92
Fe304/Zn0-C (0.03 g) 35.85 94.41
Fe304/Zn0-C (0.05 g) 22.05 89.60
Fe304/Zn0-C (0.1 g) 19.33 92.90
Fe304/Zn0-C (0.2 g) 18.23 92.29

Low magnetic saturation values are preferable to high
saturation values for biomedical applications because they
reduce tissue damage from strong magnetic fields. Salem et
al. also reported a Ms value of approximately 23 emu/g
[32]. Likewise, Sabouri et al. obtained MS values of 5-7.88
emu/g for Fe30s-based nanocomposites [33]. A
superparamagnetic material with low MS can also be
developed for photothermal therapy and drug delivery
[34].

4. CONCLUSION

XRD, TEM, and FTIR characterization validated the
successful synthesis of Fe304/Zn0-Carbon
nanocomposites using the coprecipitation method. Based
on the results of the PL characterization obtained, it can be
concluded that adding carbon can significantly increase the
photoluminescence intensity. When compared to the
photoluminescence intensity without carbon, the
photoluminescence intensity was obtained to increase
threefold with the addition of 0.05 g of carbon. The
emission peak is at the wavelength of visible light that
emits bright orange luminescence, namely at a wavelength
of 660 nm. The magnetic saturation value decreased with
increasing carbon content. Adding 0.05 g of carbon resulted
in a magnetic saturation of 22.05 emu/g. This study
disclosed that the optical and magnetic properties of
Fe304/Zn0-C nanocomposites could be modulated via
surface modification for better biomedical applications,
such as bioimaging, diagnostics, and therapy.
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