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The development of multifunction material was considered to attain effectiveness on cancer treatment. 
The present study pursues the potential application of metal ferrite nanoparticles covered with CDs to 
get dual‑active nanomaterial on fluorescent and magnetic responses that were prepared on a one‑pot 
solvothermal method. Some analyses indicated the nanohybrids consisted of amorphous structure. 
Besides, the optical analysis performed optimum emission with QY percentage up to 0.9 and 0.6, 
respectively. Magnetic response assessment confirmed CDs@MnFe2O4‑15 has good superparamagnetic 
properties with saturation magnetization value of 38.485 emu/g, while CDs@CuFe2O4‑15 at 
9.5245 emu/g. The DLS measurement showed an average size of CDs@MnFe2O4‑45 at 63.98 nm, while 
CDs@CuFe2O4‑45 at 55.46 nm. Then, this nanosized drive to perform good photoluminescent properties 
and good cytotoxicity due to the nanohybrids of CDs@MFe2O4‑45 can easily enter the HeLa cells 
without harming its original structure. The above finding has well‑proven good clinical potency of the 
nanohybrid as simultaneous fluorescent and magnetic‑based detection.

Abbreviations
CDs  Carbon dots
MNPs  Magnetic nanoparticles
CDs-MNPs  Nanohybrid of carbon dots with magnetic 

nanoparticles
CDs@MnFe2O4  Nanohybrid of carbon dots with manganese 

ferrite oxide
CDs@CuFe2O4  Nanohybrid of carbon dots with copper 

ferrite oxide
Gd-TPA  Gadolinium-diethylenetriamine pen-

taacetic acid
MRI  Magnetic resonance imaging
QY  Quantum yield
Ms  Magnetization size

Introduction
The necessity on early detection was essential to reduce the 
prevalence of cancer. Clinically, diagnostic tests prefer to visu-
alize stronger contrasts of tissues and organs imagined by MRI 
(Magnetic Resonance Imaging) [1, 2]. MRI technology as a 

non-invasive methodology has been an essential and valuable 
imaging technique in the field of biomedical applications that 
can minimize misdiagnosis of various medical conditions [3, 
4]. Despite the excellent imaging of MRI, the role of the con-
trast agent is necessary, it has been the important element that 
needs to be marked to improve the sensitivity for the detection 
of injuries [5]. Commonly, Gd-DTPA (Gadolinium-Diethylene 
Triamine Pentaacetic Acid) is widely used as MRI contrast to 
enhance the signal of the aim tissues and body structures [6, 7].

MRI contrast agents have a core based on paramagnetic metal 
with a possibly outer coating from a biocompatible material and 
divided into  T1 and  T2 of enhancement mechanism.  T1 contrast 
agents are usually paramagnetic complexes with the process that 
can be accelerated to produce brighter  T1-weighted images [7, 8]. It 
is preferred for clinical diagnosis because the signal on MRI images 
is bright [9].  T2 contrast agents are based on iron oxide nanoparti-
cles, which are superparamagnetic [7]. The magnetic field acceler-
ates the process of dephasing the nuclear spin of photons to disrupt 
the local magnet and produce a darker image [5, 9].

Gd-DTPA is a very great paramagnetic complex with high 
complex stability, low toxicity, and readily distributed to water 
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[10]. Despite the advantages of Gd-DTPA as an MRI contrast 
agent, Gd-DTPA has an unclear effect on the endocytosis pro-
cess and Gd may exist in a free state with high toxicity when the 
complexing process is neglected [11, 12]. On the other hand, the 
cost of importing Gd-DTPA compound is relatively high that 
causing the diagnosis using MRI is valuable.

The metal ferrite nanoparticle  MFe2O4 (M = Mn, Co, Ni, 
etc.) are magnetic compound nanoparticles that are primarily 
used for in-vivo and non-invasive applications to detect clini-
cally important biological targets as highly sensitive [13–17]. 
One of the reasons for using magnetic nanoparticles as a marker 
required for contrast agents is the magnetism that can be used 
as a cellular target through external magnetic fields [18]. The 
particular physical and chemical characteristics of magnetic 
nanoparticles present them as fitting materials for biomedical 
research. Pharmaceutical chemistry and biomedical research 
have shown that magnetic nanoparticles exhibit magnetic prop-
erties at room temperature and are very useful [19].

Metal ferrite nanoparticle  MFe2O4 synthesized via hydroly-
sis or non-hydrolysis approach showed superior magnetism and 
were used as an ultrasensitive as  T1 MRI contrast agent [20–22]. 
Nanoparticles play an important role in the magnetization of 
MRI contrast agents, but the image fluoresces insufficiently than 
the fluorescence of CDs. As demonstrated by MRI studies, coat-
ing magnetic nanoparticles with CDs revealed higher fluores-
cence images compared to magnetic nanoparticles [18, 23]. The 
CDs are attracting attention in the field of fluorescent sensors 
because of their great water solubility, excellent photostability, 
low toxicity, and superior biocompatibility [24–26]. This has led 
many researchers to use CDs as marker agents, biosensing, bio-
imaging, and drug delivery in medical field [27, 28].

Despite the numerous studies on CDs synthesis and its 
application in the imaging fields, research on CDs from ethan-
olamine is still lacking. In addition, some researchers have suc-
ceeded in synthesizing CDs from ethanolamine, showing good 
fluorescence results. Ethanolamine is suitable as a carbon source 
on N-doped CDs due to its abundant amino and hydroxyl 
groups [29]. Herein, high yields of CDs ethanolamine were suc-
cessfully synthesized using a pyrolysis approach [29–31]. Fur-
ther development of the previous synthesis led to the adoption 
hydrothermal approach that exhibits good dispersion stability 
in water and blue fluorescence emission [29].

The synthesis of CDs can be easily divided into a top-down 
and a bottom-up approach [24]. The bottom-up approaches link 
the fluorescence properties, by carefully designing molecular 
precursor structure and manufacturing process, it is an induce-
ment to customize the CDs with well-defined size, variable sur-
face state, and internal structure [29, 32]. On the other hand, 
top-down approaches are usually difficult to control the parti-
cle size, surface, and internal structure [29, 33]. The bottom-up 

methods of synthesis CDs can be further divided into hydro-
thermal, ultrasonication, microwaves, pyrolysis, and chemical 
thermal [34].

Furthermore, as precursors of CDs in metal ferrite nano-
particles are used for detection, the potential fluorescence of 
ethanolamine has been reported [31]. The properties of CDs 
ethanolamine provide high stability, abundant yields, and good 
solubility upon the water [35]. Despite the various advantages, 
the application of CDs ethanolamine has minimal reported use 
in the medical field. Researches on CDs synthesis are crucial for 
expanding the application of CDs in the sensing and imaging 
field [29]. It has been attempted to use magnetic nanoparticles 
and CDs as marker agents to defeat the problems of expensive 
precursors and emission loss, which are major factors in MRI 
contrast agents. No one has proposed the in-situ solvothermal 
approach of the nanohybrid using the two kinds of combination, 
mostly multisets, composites, and derivatives of the original 
properties of each nanoparticle.

In this study, we improve the synthesis of nanohybrid from 
metal ferrite nanoparticle and CDs ethanolamine and compare 
the metal Cu and Mn potential application as contrast agents in 
MRI. Of the various metal ferrite, the metals Mn and Cu ferrites 
are less toxic than other ferritic metals, so their potential is valu-
able and secure in medical applications [18]. The solvothermal 
approach is chosen because the yields are petite and distributed 
consistently. Therefore, the application of nanohybrid to cancer 
has become a pressing priority to observe cancer as a global 
disease that is still attracting global attention [36]. As a result, 
studies in toxicity and in-vitro assays of HeLa tumor cells were 
conducted to confirm that the nanohybrid could potentially be 
used as a simultaneous marker.

Result and discussion
Characterization of nanohybrids

The synthesis of the nanohybrid combines individual processes 
 MFe2O4 and CDs. In particular, the synthesis of CDs initiated 
the rearrangement of ethanolamine at high temperatures. This 
treatment allows the molecule to form CDs with a graphene 
oxide-like structure in dehydration and carbonization, as shown 
in Scheme 1. This mechanism has the advantage that the process 
of reaching the high quality of CDs is simple.

During CDs@MFe2O4 synthesis, Mn and Cu elements 
were selected as the significant components in producing 
metal ferrite. The interaction of Mn(acac)2–Fe(acac)3 produced 
 MnFe2O4, and interaction of Cu(acac)2–Fe(acac)3 produced 
 CuFe2O4 by the solvothermal process. In contrast, oleylamine 
was used as a ligand for magnetic nanoparticles to stabilize 
and produce hydrophobicity [37]. This study performed CDs 
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synthesis using high temperatures called the solvothermal pro-
cess shown in Scheme 2. After adding ethanolamine at 150 °C 
under the assumption that the reaction of Scheme 1. occurs, 
 MFe2O4 covered with CDs is formed in this process as CDs@
MFe2O4 nanohybrid. Therefore, nanohybrids can exhibit the 
optical properties of CDs and can have the ability to be mag-
netically induced due to the presence of magnetic nanoparticles 
with superparamagnetic properties [38].

CDs@MFe2O4 characterization is an essential part of 
demonstrating the successful nanohybrid synthesis process. 
Spectroscopy analysis was first to run to access the opti-
cal properties of the nanohybrid. Indeed, CDs@MFe2O4 
served to elucidate the optical properties of nanohybrid. 
To prove the assumption, this study utilized UV–Vis 

absorption by varying the concentration of ethanolamine, 
as shown in Fig. 1. The spectrum showed that the maximum 
wavelengths of CDs@MnFe2O4 were 221 nm and 261 nm, 
CDs@MnFe2O4-15 was 259.6 nm, CDs@MnFe2O4-30 was 
246.4 nm, and CDs@MnFe2O4-45 was 259.4 nm. However, 
the maximum wavelength of CDs@CuFe2O4-15 was 268 nm, 
CDs@CuFe2O4-30 was 270 nm, and CDs@CuFe2O4-45 was 
272 nm. CDs absorbance peak showed an electron transition 
π → π* as a core and an electron transition n → π* as a sur-
face state. CDs@MnFe2O4-30 and CDs@CuFe2O4-45 spec-
trum showed the highest absorbance with λmax of 246.4 nm 
and 272 nm. This maximum wavelength implies an electron 
transition π → π* C=C aromatic groups within the nucleus 
of CDs [39].

Scheme 1:  Schematic illustration of ethanolamine self-assembling to form CDs.

Scheme 2:  Schematic illustration on synthesis mechanism of CDs@MFe2O4.
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Further, in emission observation, the effects of various etha-
nolamine on nanohybrids can be accessed by photoluminescent 
instruments. Figure 2 showed the emission characteristics of 
nanohybrid CDs at excitation wavelengths of 320 nm. One 
of the characteristics of CDs is emission variation at specific 
wavelengths called excitation-dependent emission. Traps are 
known as defective due to an oxygenated group of CDs [40]. 
The existence of excitation-dependent emission occurs because 
the electron orbitals of the CDs are various, and emission will 
change regardless of the energy absorbed by the CDs. Differ-
ent emission variations are caused by several factors, such as 
the structure of the CDs formation. In addition, increasing the 
concentration of ethanolamine in the nanohybrids will increase 
the emission of the formed nanohybrid. In particular, samples 
of CDs@MnFe2O4, CDs@MnFe2O4-15, CDs@MnFe2O4-30, and 
CDs@MnFe2O4-45 were analyzed at excitation wavelengths of 

320, 340, 360, 380, 400, and 420 nm, which has the highest 
intensity at the emission wavelength (λem) of 320 nm. CDs@
MnFe2O4-15 and CDs@MnFe2O4-30 spectra could fluoresce 
at a wavelength of 386 nm, and CDs@MnFe2O4-45 fluoresce 
higher at 406 nm, while CDs@CuFe2O4-45 had the highest 
intensity at the emission wavelength (λem) of 410 nm. The rela-
tive quantum yields (QY) of  MnFe2O4 in CDs@MnFe2O4-15, 
CDs@MnFe2O4-30, and CDs@MnFe2O4-45 were 0.462%, 
0.118%, and 0.9%, respectively. CDs@CuFe2O4-15, CDs@
CuFe2O4-30, and CDs@CuFe2O4-45 showed that the QY of 
 CuFe2O4 was 0.60%, 0.27%, and 0.005%. This indicates that 
the best fluorescent ability is CDs@MnFe2O4-45 and CDs@
CuFe2O4-45 containing 45 mL ethanolamine. According to the 
study results, the addition of ethanolamine leads to an increase 
in the aggregation of ethanolamine during the formation of 
CDs. Therefore, graphene oxide is more likely to be formed. 
Copper increases the interaction between CDs and ethanola-
mine in  CuFe2O4, which can destroy the original structure of 
copper itself. It happened because Copper has a higher bind-
ing affinity against the organic matter. Thus, aggregations may 
become high, which it can interfere with the absorbance trac-
ing of CDs by UV–Vis spectroscopy and affect the QY values. 
To improve above results in which to evaluate contribution of 
CDs on featuring the optical properties, the observation poten-
tial band gap of the nanohybrids Fig. 1. Addition of ethanola-
mine result in increasing CDs area on nanohybrid that drive to 
decreasing band gap energy of bare metal ferrite (above 5.6 eV 
in average) to light area (below than 3.1 eV). CDs overs addi-
tion electronic orbital level in the metal ferrite smoothing pho-
toluminescence process.

The FTIR analysis was performed to ensure the nanohy-
brids design structure of  MnFe2O4-based and  CuFe2O4-based 
nanoparticles shown in Fig. 3. The data specifically showed 

Figure 1:  UV–Vis spectra of (a) CDs@MnFe2O4 and (b) CDs@CuFe2O4. Inset: the TAUC plot of each spectrum.

Figure 2:  PL spectra of CDs@MnFe2O4-15, CDs@CuFe2O4-15 CDs@
MnFe2O4-30, CDs@CuFe2O4-30, CDs@MnFe2O4-45, and CDs@CuFe2O4-45.
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the  MnFe2O4 band at 586.6  cm−1 and 410.40  cm−1, while the 
specific band at 644.22  cm−1 in both nanohybrid referred to 
the metal–oxide absorption [41]. In addition, oleylamine 
compounds were displayed in several wavenumbers, such 
as 2928.29  cm−1 for CH vibration and 1441.64  cm−1 for CN 
vibration [42]. Both nanohybrids revealed the existence of 
ethanolamine CDs at each specific band OH at over 3000  cm−1 
and NH at 1579  cm−1 [43]. Therefore, these FTIR data clearly 
showed that all nanohybrids were composed of a combina-
tion of  MnFe2O4,  CuFe2O4 oleylamine, and ethanolamine 
nanoparticles.

The nanohybrid size distribution was further using 
Dynamic Light Scattering (DLS). The diagram and the graph 
in Fig. 4 show the average size and zeta potential. The average 

size of DLS was determined using the Polydispersity Index 
(PDI) parameter. The results indicated that the average size 
of  MnFe2O4, CDs@MnFe2O4-15, CDs@MnFe2O4-30, and 
CDs@MnFe2O4-45 nanoparticles were 463.1 nm, 195.7 nm, 
99.55 nm, and 63.98 nm, while the average size of  CuFe2O4, 
CDs@CuFe2O4-15, CDs@CuFe2O4-30, and CDs@CuFe2O4-45 
were 37.84 nm, 45.06 nm, 46.41 nm, and 55.46 nm. Exces-
sive carbonation caused the nanoparticles to be aggregated, 
thereby forming large particles such as graphene oxide. There-
fore, the role of temperature and time in the synthesis process 
was crucial for particle size control. The zeta potential val-
ues of  MnFe2O4, CDs@MnFe2O4-15, CDs@MnFe2O4-30, and 
CDs@MnFe2O4-45 were − 0.3635 mV, 0.163 mV, 3.57 mV, and 
− 0.499 mV, while the values of  CuFe2O4, CDs@CuFe2O4-15, 

Figure 3:  FTIR spectra of (a) CDs@MnFe2O4, CDs@MnFe2O4-15, CDs@MnFe2O4-30, and CDs@MnFe2O4-45; (b) CDs@CuFe2O4, CDs@CuFe2O4-15, CDs@
CuFe2O4-30, and CDs@CuFe2O4-45.

Figure 4:  (a) DLS diagram of CDs@MnFe2O4-15 and CDs@CuFe2O4-15 and (b) Zeta potential graph of CDs@MnFe2O4-15 and CDs@CuFe2O4-15.
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CDs@CuFe2O4-30, and CDs@CuFe2O4-45 were 2.08  mV, 
1.92 mV, 0.838 mV, and 0.498 mV. Ethanolamine contains 
 NH2, increasing the potential zeta’s value of nanoparticles [44]. 
 MnFe2O4 and CDs@MnFe2O4-45 gave negative values due to 
the adsorption of OH ions or fats such as fatty amines and 
carboxyl groups on the surface of nanoparticles [37, 45]. Based 
on the DLS data, the smaller size of nanoparticle implied the 
bigger effectiveness as contrast agent application. The selected 
nanohybrids CDs@MFe2O4-45 were considered having the 
best properties as simultaneous marker and needed further 
analyses in toxicity assessment for clinical properties.

XRD analysis was used to determine the crystal structures 
and purity of the materials in solid. When the crystalline size 
was small, the diffraction peaks became wider because the 
small crystalline had a large X-ray reflection field [46]. Based 
on JCPDS 74-2403,  MnFe2O4 had several 2θ peaks located at 
29.6°, 34.9°, 42.4°, 52.6°, 56.1°, and 61.5°, while the JCPDS 010-
0173 of  CuFe2O4 had several 2θ peaks at 30.32°, 35.76°, and 
57.36°. The enlarged the broad peak indicated the presence of 
CDs at 2θ of 19.20° as an amorphous structure of nanoparticles 
carbon leads caused by the loss of water molecules and material 
decomposition during the synthesis process [47].

CDs@MnFe2O4-15 had peaks at 35.13°, 42.78°, 56.14°, and 
62.19°. CDs@MnFe2O4-30 had a broad peak of 2θ at 17.75°, 
which CDs@MnFe2O4-15 and CDs@MnFe2O4-45 did not have. 
The broadest peaks were owned by CDs, while the other peaks 
were 29.61°, 34.10°, 42.44°, 56.24°, and 61.79°. The diffractogram 
of CDs@MnFe2O4-45 had two peaks at 29.46° and 35.02°. These 
diffractograms are shown in Fig. 5.

The VSM was used to analyze the magnetic properties of a 
solid sample using a magnetic field in the range of − 8 to + 8 kOe. 
The graph of CDs@MnFe2O4-15 had a saturated magnetization 

value (Ms) at 38,485 emu/g with a coercivity value at 1.0975 G, 
and the Ms of CDs@CuFe2O4-15 was 95,245 emu/g with a coer-
civity value at 92,768 G that is shown in Fig. 6. The superpara-
magnetic shape had a specific magnetization value of 92 emu/g 
[48]. It concluded that CDs@MFe2O4-15 was classified as coated 
superparamagnetic because the magnetization is lower than the 
uncoated particles. This lowering is due to the smaller size of the 
coated particles and the ethanolamine as CDs was present on the 
surface of the particles.

Cytotoxicity assessment

The cytotoxicity test was used to determine the toxicity of a 
liquid sample by HeLa cells in-vitro. The principle of the MTT 

Figure 5:  XRD diffractogram of (a) CDs@MnFe2O4, CDs@MnFe2O4-15, CDs@MnFe2O4-30, and CDs@MnFe2O4-45; (b) CDs@CuFe2O4, CDs@CuFe2O4-15, 
CDs@CuFe2O4-30, and CDs@CuFe2O4-45.

Figure 6:  VSM spectra of CDs@MnFe2O4-15 and CDs@CuFe2O4-15. Inset: 
high magnification on adjusted area.
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Assay method was reducing MTT salt (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) by dehydrogenation 
succinate enzyme in the mitochondria to form formazan. If 
the purple concentration produced was high, the toxicity level 
was low [49]. Materials with 80% or more cell viability at high 
concentrations were classified as non-toxic materials [43].

CDs@MnFe2O4-45 and CDs@CuFe2O4-45 had a high 
percentage of viability that was almost 90%, despite con-
centrations of up to 250 μg/mL caused by the preparation 
process. The preparation was carried out based on statistics, 
so the number of cells in the well was not precise. The per-
centage of cell viability at concentrations of 7.5, 15.5, and 
31.5 μg/mL exceeded the control, and is shown in Fig. 7. 
CDs@MnFe2O4-45 and CDs@CuFe2O4-45 did not cause 
the decreased viabilit and drive evidence that the CDs on 
 MnFe2O4 and  CuFe2O4 nanoparticles will not harm cells [50].

Confocal laser scanning microscopy (CLSM)

CLSM is a method to analyze the internalization of CDs in HeLa 
cells, expressed by fluorescence intensity. In order to deter-
mine the location of the cell nucleus, it was necessary to add 
4′6-diamino-2-phenylindol (DAPI) as a marker to produce a 
blue color [51].

Based on the results of the CLSM analysis, Fig. 8 shows that 
the  NH2 and –OH groups on CDs produced intracellular uptake 
through endocytosis of the folate receptors, because they were 
similar to the folate receptors. The internalization of CDs into 
the cytoplasm showed green fluorescence, indicating that CDs 
have entered the cell through endocytosis [50]. In addition, the 
role of DAPI in PBS (Phosphate Buffer Saline) was a control for 
determining the number and location of viable cells by stain-
ing, thereby showing blue fluorescence [52]. CLSM test results 
proved that CDs@MnFe2O4 and CDs@CuFe2O4 had good flu-
orescence and can be applied as candidates for simultaneous 
marker. Figure 8 shows the internalization of CDs into the HeLa 
cytoplasm of cells.

MRI imaging

MRI analysis was performed to assess the ability of the sample 
CDs@MnFe2O4 and CDs@CuFe2O4 to serve as a contrast agent. 
An active ingredient contrast will help in the longitudinal relaxa-
tion of water molecules by giving a positive signal effect, increas-
ing the intensity of the T1-weighted image [37]. In this research, 
the analysis was assigned only to produce a T1-weighted image 
of nanohybrid samples, the results of which are shown in Fig. 9.

The pictures identify the contrast increase by increas-
ing sample concentration, confirming that positive contrast 
enhancement depends on the sample concentration analyzed 
by magnetic nanoparticles [53]. However, at the highest concen-
tration, the contrast in the CDs@MnFe2O4 and CDs@CuFe2O4 
decreased due to the ethanolamine encapsulation covering the 

Figure 7:  The viability percentage of HeLa cell on varying concentrations 
(7.50–1000 μg/mL) of CDs@MnFe2O4-45 and CDs@CuFe2O4-45.

Figure 8:  MRI images of (a) CDs@MnFe2O4 and (b) CDs@CuFe2O4 on varied nanohybrid concentrations.
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nanohybrids affecting the particle size increased [54]. The par-
ticle size is an essential factor in the contrast agent. The more 
petite particle size performs dipole–dipole interactions between 
magnetic nanoparticle ions and protons,  H2O will be maximum. 
This interaction increases longitudinal relativity and causes posi-
tive contrast enhancement in T1-weighted images to be brighter 
in result [47, 55, 56].

Conclusions

MnFe2O4-ethanolamine and  CuFe2O4-ethanolamine nano-
hybrids could be synthesized from Cu(acac)2, Mn(acac)2, 
Fe(acac)3, oleylamine, benzyl ether, and ethanolamine using the 
solvothermal method. The characterization results showed that 
 MnFe2O4-ethanolamine and  CuFe2O4-ethanolamine nanohybrids 
contained CDs from ethanolamine and had magnetic properties 
from nanoparticles from  MnFe2O4 and  CuFe2O4. The CDs@
MnFe2O4-45 and CDs@CuFe2O4-45 toxicity tests were performed 
using the MTT Assay method; the percent viability was higher 
than 80% with a 250 μg/mL concentration that indicated nano-
particles were non-toxic and the contrast of CDs@CuFe2O4 gave 
better images than CDs@MnFe2O4 at various sample concentra-
tions in MRI analysis. Thus, CDs@MFe2O4 potentially applies as 
a candidate for simultaneous contrast and markers.

Experimental method
Materials

Iron(III) acetylacetonate (Fe(acac)3, 97%, Sigma-Aldrich), 
manganese(II) acetylacetonate [Mn(acac)2] copper(II) acety-
lacetonate [Cu(acac)2] (97%, Sigma-Aldrich), oleylamine (70%, 
Sigma-Aldrich), benzyl ether (98%), ethanolamine (98%), and 
ethanol (90%, Merck).

Synthesis of carbon nanodots‑metal ferrite 
nanohybrid (CDs@MFe2O4)

The synthesis of CDs-MFe2O4 nanohybrid was accomplished 
through a one-pot solvothermal method. Briefly, the total 
amount of (0.70 g Fe(acac)3 and 0.25 g Mn(acac)2) and (0.70 g 
Fe(acac)3 and 0.26 g Cu(acac)2) were obtained in two parts of 
a two-neck round bottom flask. While mixing with a magnetic 
stirrer, 15 mL of oleylamine and 15 mL of benzyl ether were 
added to the flask. In this method, a 220 V electric pressure 
thermocouple was used. The first temperature was set at 100 
°C for 20 min, then raised at 270 °C for 1 h, and lowered to 150 
°C. The formulation (0, 15, 30, and 45 mL) of ethanolamine 
was injected at 150 °C with heating for an hour (Table 1). The 
temperature was lowered to 60 °C, and the synthesis process 
was interrupted. The obtained CDs-MFe2O4 were washed with 
ethanol and centrifugated to accumulate the precipitate. Dur-
ing the solvothermal process, ethanolamine formed CDs by 
self-assembling, as shown in Scheme 1.

Cell culturing

Culturing the HeLa cell was prepared in Eagle’s minimum 
essential medium (containing 1.5 g  L−1 sodium bicarbonate) 
supplemented with 1% l-glutamine, 1% formulation of anti-
biotic antimycotic, and 10% fetal bovine serum. The cells were 
cultured in a humified 5%  CO2 incubator maintained at 60 
°C for inducing cell expansion and senescence. Before CDs-
MFe2O4 feeding, HeLa cells were planted in a six-well plate 
in 2 mL of culturing medium. After 24 h, the HeLa cells were 
incubated an hour with 300 μL of CDs-MFe2O4, rinsed with 
PBS three times, and fixed for 10 min with 75% alcohol. The 
resulting cells were incubated for 20 min with 2 mL DAPI 
in PBS at room temperature to stain the nucleus. HeLa cells 

Figure 9:  Photograph of CDs@MFe2O4 (a) bright field, (b) DAPI marker emission, (c) CDs@MFe2O4 emission, (d) Combined DAPI and CDs@MFe2O4, and 
(e) Combined a-d images.
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were visualized using fluorescence using an inverted Confocal 
Microscope (Leica Microsystems).

Cytotoxicity assessment

The MTT assay was used to quantify cell viability of HeLa. 
Culturing HeLa cells was prepared in Eagle’s minimum essen-
tial medium (25,000 cells per well) for 24 h. After rinsing 
with phosphate-buffered saline (PBS, Uni Region Biotech, 
Taiwan), the grown cells were incubated with the set sam-
ples for 24 h. The plate was rinsed with PBS twice, added 
with MTT reagent (1 mL, 500 mg m  L−1), and incubated 
for 4 h. Dimethyl sulfoxide (1 mL) was added to dissolve 
the formazan crystals in each well and the absorbance was 
measured using an Elisa reader (Biotech Powerwave XS) at 
570 nm. The strength of absorption depends on the number 
of living cells with different formazan.

Other characterizations

Several techniques characterized the yields. Ultraviolet–Vis-
ible (UV–Vis) spectra were recorded using a UV–Vis Shi-
madzu 1800 spectrophotometer (Shimadzu, Japan). Fourier 
Transform Infra-Red (FTIR) spectra were recorded using 
an Infrared (IR) Tracer-100 (Shimadzu, Japan). The pho-
toluminescence of CDs@MFe2O4 was collected using an LS 
55 Fluorescence Spectrometer (Shimadzu, Japan). Dynamic 
Light Scattering (DLS) analyses were recorded using Ana-
lyser Malvern. X-Ray Diffraction (XRD) diffractograms 
were recorded using an XRD Philips. Vibrating Sample Mag-
netometry (VSM) curves were recorded using Lake Shore 
Cryotronic.
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