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Abstract 
 

This study aims to coat Fe₃O₄@CQD nanocomposites with polylactic acid (PLA) and 

investigate the effects of PLA concentration on their physicochemical properties, 

particularly fluorescence intensity and zeta potential. The results showed that PLA 

coating effectively increased luminescence intensity. After PLA coating, the 

fluorescence intensity increased dramatically, indicating reduced quenching. The 

results of the study show that the maximum fluorescence intensity is achieved at a PLA 

concentration of 2%. The sample with 2% PLA also shows a zeta potential of −32.2 

mV, which is considered a relatively good colloidal stability by the widely accepted 

criterion of |ζ| ≥ 30 mV. SEM analysis reveals particle agglomeration, indicating that 

the coating does not entirely prevent aggregation. The 2% PLA formulation, therefore, 

shows promising physicochemical characteristics and may serve as a candidate for 

further investigation in bioimaging-related applications. Further biological studies 

are required to evaluate its biocompatibility and actual suitability for biomedical 

applications. 
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1. Introduction 

 

New materials with magnetic and optical properties suitable for bioimaging 

for disease detection and treatment are created by combining magnetic and 

luminescent materials (Astuti et al., 2023, 2024; Wang & Deng, 2022). 

Biocompatibility, biodegradability, low toxicity, and high water dispersibility 

(with high stability) are all crucial properties of a bioimaging substance. 

Fe3O4@CQD nanocomposite is an emerging luminescent magnetic material 
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(Kurungottu et al., 2024; Lim et al., 2015; Makadia & Siegel, 2011; Salimi et 

al., 2025; K. Wang et al., 2021).  

Multidisciplinary scientists have been particularly interested in carbon 

quantum dots (CQDs) due to their small size, excellent photostability, intense 

fluorescence, high water solubility, non-toxicity, and outstanding 

biocompatibility. CQDs are a promising alternative for magnetic metal-based 

bioimaging applications due to their superior properties (Das et al., 2023; 

Mmelesi et al., 2024; Molaei, 2019; Yadav et al., 2023). However, combining 

Fe3O4 with CQD can reduce CQD luminescence intensity. Fe3O4 quenches 

CQD luminescence, and CQDs interact readily with their environment when 

applied to the human body as bioimaging materials, thereby reducing their 

luminescence intensity. Therefore, a polymer must be added to the surface of 

Fe3O4@CQD nanocomposites without affecting their dispersibility to increase 

their luminescence. Polylactic acid (PLA) is a biodegradable polymer. 

 

To increase luminescence intensity while preserving water dispersibility, 

Fe3O4@CQD nanocomposites can be coated with PLA on their exterior for 

use as bioimaging materials (Osaci & Cacciola, 2020; Zhao et al., 2020). PLA 

is not only biodegradable but also resistant to enzymatic degradation over an 

extended period. Furthermore, throughout the coating and application 

processes, the Fe3O₄ particles are shielded from high temperatures by PLA's 

remarkable thermal stability. Additionally, magnetite's hydrophobic 

properties prevent clumping and unintended interaction with bodily fluids. 

The quality of the images in the bioimaging process is ensured by PLA's good 

optical qualities, which do not interfere with the magnetite signal (Zaaba & 

Jaafar, 2020). 

 

PLA-coated Fe3O4@CQD nanocomposites with a core-shell structure were 

synthesized for this investigation. Hydrothermal synthesis was used to create 

CQDs. Nanocomposites of Fe3O4@CQD were synthesized using the 

coprecipitation technique. Fe3O4@CQD was coated with PLA via sonication. 

PLA-coated Fe₃O₄@CQD nanocomposites are expected to exhibit improved 

luminescence characteristics and surface stability. These physicochemical 

properties may make the material a potential candidate for further 

investigation in bioimaging-related applications. However, a biological 

evaluation is required to determine its biocompatibility and actual suitability 

for biomedical use. 
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2. Methodology 

 

2.1 Fe3O4 Synthesis  

 

Nanoparticles of Fe3O4 were prepared via a coprecipitation method under an 

air atmosphere. Fe3O4 nanoparticles were synthesized with a molar ratio of 

Fe3⁺: Fe2⁺ = 2:1 as follows: dissolve 2.02725 g of FeCl3·6H2O and 1.0425 g of 

FeSO4·7H2O, and use 30 mL of distilled water heated to 60°C on a hot plate. 

A black precipitate formed when the mixture was stirred for three hours with 

a magnetic stirrer, and 30 mL of NH4OH solution was gradually added until 

the pH reached 11 (Astuti et al., 2023). A permanent magnet was used to 

facilitate the precipitation of Fe3O4. The precipitate was dried in a furnace for 

five hours at 150°C after being washed three times with distilled water. The 

precipitate was dried and then milled into a fine powder of Fe3O4. 

 

2.2 Carbon Quantum Dots Synthesis  

 

Two grams of Sappan wood sample (Caesalpinia sappan L.) are dissolved in 

30 mL of distilled water and stirred for 30 minutes to hydrothermally produce 

CQD. To create Sappan wood extract, the mixture was filtered through filter 

paper. The hydrothermal procedure involves heating the Sappan wood extract 

solution to 150 °C for eight hours in an autoclave. 

 

2.3 Fe3O4@CQD Nanocomposite Synthesis 

 

After dissolving 0.4 g of Fe3O4 powder in 20 mL of CQD solution, the mixture 

was sonicated for 30 minutes to form Fe3O4@CQD. The sonication process 

aims to disintegrate the molecules into nanometer-sized particles. To separate 

the sediment and liquid, the sonicated solution was centrifuged for 20 minutes 

at 4500 rpm. The centrifuged sediment was dried for two hours at 50°C in a 

furnace. 

 

2.4 Fe3O4@CQD Nanocomposite Coating with PLA  

 

As much as 0.1 g of Fe3O4@CQD nanocomposite was mixed with 5 mL of a 

polylactic acid-dimethyl sulfoxide solution at 2% (w/w) and stirred until 

homogeneous under ambient atmosphere. The homogeneous mixture was then 

added to 50 mL of distilled water supplemented with 5 mL of a 5% PVA 

solution as a stabilizer and sonicated for 30 minutes. The sonicated solution 

was then centrifuged for 30 minutes at 4000 rpm. The centrifugation process 
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produced sediment and liquid. Next, the sediment from the centrifugation was 

dried in an oven at 50°C for 4 hours. The synthesis of the following sample 

was carried out in the same manner, with variations in polylactic acid 

concentrations of 0.5%, 5%, 7%, and 10%. Furthermore, the sample, in the 

form of a dry powder, was characterized using XRD, FTIR, UV fluorescence, 

zeta potential, and SEM-EDX. 

 

2.5 Characterization Methods 

 

This work reports the characterization of the Fe3O4@CQD-PLA 

nanocomposite, including crystal structure analysis using an XRD instrument 

(Bruker D8 Advance). Using Cu-Kα radiation (λ=1.5406 Å) of 10°<2θ<100° 

with increments of 0.02°, the diffractogram was produced. SEM (HITACHI 

FLEXEM 1000) was used to examine the samples' morphology, and 

fluorescence microscopy (Zeiss Axio Imager A2 and EVOS M7000) was used 

to examine the fluorescence analysis. FTIR (Nicolet iS50) for identifying 

functional groups. With a resolution of 1.29 cm−1, these measurements were 

carried out in the frequency range of 450 cm-1–4000 cm−1. 

 

 

 

3. Results and Discussion 
 

3.1 Colloids of CQD and Fe3O4@CQD Nanocomposites. 
 

CQD colloids before and after UV irradiation are shown in Figure 1. Figure 1 

shows that CQD emits green light luminescence under UV illumination. 

 

 

Figure 1. The colloid of CQD: CQD before UV illumination (a), 

CQD under UV illumination (b) 

 (a) (b) 



Astuti et al. / Mindanao Journal of Science and Technology Vol. 24 (Special Issue) (2026) 54-70 

58 

 

 

The emitted luminescence indicates the formation of CQDs with a reasonably 

uniform distribution. Uniform distribution is also confirmed by the TEM 

images shown in Figure 2. 

 

 
 

Figure 2. TEM image of CQD colloid (a), particle size distribution of  

CQD colloid (b) 

 

Figure 2a is a TEM image of CQD colloids, while Figure 2b is a histogram for 

particle size distribution. The measurement results indicate that the particle 

size distribution is primarily characterized by particles ranging from 2 to 4 nm. 

 

3.2 X-ray Diffraction (XRD) Characterization 

 

Finding the crystalline substance and crystal size of PLA-coated Fe3O4 

@CQD and Fe3O4 is the aim of the XRD measurement. The XRD readings 

were analyzed using OriginPro 2025. The material's X-ray diffraction pattern 

is displayed in Figure 3. Figure 3 shows a clear and distinct diffraction pattern 

from the XRD analysis of the pure Fe3O4 sample. The dominance of crystal 

orientation in the (311) plane was demonstrated by the identification of 

substantial peaks at 2θ angles of approximately 30°, 35°, 43°, 53°, 57°, 63°, 

and 90°, with the most prominent peak at 35°. The material's stable crystal 

structure and good phase purity are confirmed by the pattern's fit to the 

standard reference for Fe3O4 structure (Sahebalzamani et al., 2020). 

According to the computational results, the crystal size is 25.5 nm, placing it 

in the nanocrystalline group. The sharp peaks also demonstrate the crystals' 

consistent alignment. 

 

(a) (b) 
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Figure 3. XRD patterns of Fe3O4 and Fe3O4@CQD, PLA 5% 

 

When Fe3O4 was combined with carbon quantum dots (CQD) and coated with 

PLA, the distinctive diffraction pattern of Fe3O4 was still evident at the same 

angular positions as seen in Figure 3, specifically at 30°, 35°, 57°, and 63°. 

The intensity of the resulting diffraction peak, which exceeds the initial level, 

indicates good crystallinity. A high diffraction intensity indicates that the 

modification process has not compromised the Fe3O4 crystal structure. The 

observed crystal size, approximately 25.63 nm, indicates that the coating does 

not prevent crystal formation and continues to produce nanoscale particles.  

 

Furthermore, the presence of PLA in a semi-crystalline form is indicated by a 

strong diffraction peak at approximately 2θ = 23°. This suggests that PLA is 

evenly distributed across the particle surface, forming a sufficiently regular 

structure for XRD to detect. The amorphous CQD may reduce the diffraction 

background, even though it does not yield a distinct diffraction peak. The 

XRD results, as shown in Figure 3, demonstrate that the crystalline structure 

of Fe3O4 remains stable when mixed with CQD and PLA, as evidenced by the 

semi-crystalline contribution of PLA and the crystal size falling within the 

nanoscale range. The synthesis process successfully produced a small-

particle-size, stable, and uniformly distributed composite material, promising 

for various nanomaterial-based applications. 
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3.3 FTIR Characterization 

 

Fe3O4@CQD nanocomposite material without PLA coating and coated with 

PLA at concentration changes of 2%, 5%, 7%, and 10% was subjected to FTIR 

analysis. This work aims to identify the functional groups in Fe3O4@CQD 

nanocomposites, both coated and uncoated, with PLA. Wavenumbers ranging 

from 450 cm-1 to 4000 cm-1 are used in FTIR spectroscopy. Transmission 

peaks corresponding to the vibrational energy depicted in Figure 4 are 

observed in the test results. 

 

Figure 4. The FTIR spectra of Fe3O4@CQD  

 

The presence of the Fe3O4 structure and other functional groups is confirmed 

by several significant peaks in the FTIR spectrum of Fe3O4@CQD without 

coating, as shown in Figure 4. As is common for Fe3O4, the peak at 545.45 

cm-1 is ascribed to Fe-O stretching vibrations. Furthermore, the presence of 

the Fe3O4 phase is supported by a peak at 435.22 cm-1, attributed to Fe-O 

vibrations (Syihabuddin, 2024). In Carbon Quantum Dots (CQD), aromatic 

C=C stretching vibrations are linked to another notable peak at 1494.76 cm-1. 

On the other hand, the presence of C-O groups of carboxylates or esters is 

indicated by the carbonyl signal at 1296.28 cm-1. The broad peak at 3167.94 

cm-1 indicates the presence of O-H groups, which could arise from adsorbed 

water or hydroxyl groups on the CQD surface (Cruz et al., 2019). 

 

 



Astuti et al. / Mindanao Journal of Science and Technology Vol. 24 (Special Issue) (2026) 54-70 

 

61 

 

The FTIR spectra showed changes after coating with 2% PLA. The distinctive 

Fe-O peak at 535.02 cm-1 remains visible despite the coating, indicating that 

the Fe3O4 structure is still there. An interaction between the carbonyl groups 

of CQD and PLA is suggested by the C=C double bond in the carbonyl signal 

at 1633.64 cm-1. The PLA chain's aliphatic C-H stretching vibrations are at 

2931.46 cm-1. The broad O-H peak at 3292.59 cm-1, which remains discernible 

but is weaker than in the uncoated sample, indicates that some hydroxyl 

groups have interacted with the PLA. A different study suggests that changes 

in the O-H and C=O peak intensities after polymer coating may indicate 

interactions between the magnetic nanoparticles and the polymer coating (Lao 

et al., 2021).  

 

The absorption peaks were not substantially altered by the additional PLA, 

particularly at concentrations of 5%, 7%, and 10%. The Fe-O peak, still 

discernible at roughly 540.95 cm-1 but continuing to wane relative to the 2% 

sample, indicated that the PLA layer had begun to coat a larger portion of the 

Fe3O4 surface. Additionally, the C-O stretching peak at 1260.53 cm-1 and the 

C-H stretching peak at 2930.11 cm-1 both show an increase in intensity. 

Furthermore, the presence of C-O-C groups in the PLA chain is indicated at 

the beginning of a peak at 1015.27 cm-1. The absorption peaks were not 

substantially altered by increasing amounts of PLA (5%, 7%, and 10%).  

 

3.4 Zeta Potential Characterization  

 

To evaluate the effect of PLA coating on the surface charge and colloidal 

stability of Fe₃O₄@CQD nanocomposites, zeta potential measurements were 

performed using water as the dispersing medium (Figure 5). Zeta potential 

measurements were performed using water as the dispersing medium. 

According to the measurement results graph, the zeta potential of 

Fe3O4@CQD without PLA is -52.5 mV, while the zeta potentials of 

Fe3O4@CQD with 0.5% PLA, 2% PLA, and 7% PLA are -15.4 mV, -32.2 

mV, and -31.3 mV, respectively. Zeta potential measurements indicate that 

the concentration and presence of PLA as a coating material substantially 

affect the surface charge of Fe3O4@CQD particles. The PLA-free sample 

exhibited a maximum zeta potential of -52.5 mV and a highly electrostatically 

stable colloidal structure. According to Öztürk et al. (2024) and Pochapski et 

al. (2021), it is commonly accepted that potential zeta values |ζ| ≥ 30 mV 

(positive or negative) are adequate to maintain colloidal stability through 

repulsive interactions between particles that prevent agglomeration. 
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Figure 5. Zeta potential test results of Fe3O4@CQD-PLA 

 

The zeta potential increased to -32.2 mV and -31.3 mV in the samples 

containing 2% and 7% PLA, although they stayed within the stable range. The 

slight increase shows that the PLA layer maintains sufficient repulsive force 

to prevent aggregation. However, the zeta potential increased sharply to -15.4 

mV at 0.5% PLA concentration, indicating inadequate colloidal stability. This 

finding suggests that, unlike higher PLA concentrations, which can lead to 

polymer buildup or an uneven structure, lower PLA concentrations facilitate 

the formation of a more uniform layer and effectively neutralize surface 

charges (Da Silva et al., 2019; Ekinci et al., 2022). The zeta potential (ζ-

potential) value of each sample is shown in Table 1. 

 

Table 1. Zeta potential (ζ-potential) value of each sample 

 

Sample-PLA concentrations ζ-potential 

Fe3O4 @CQD -52.5 mV 

Fe3O4 @CQD-PLA (0.5 %) -15.4 mV 

Fe3O4 @CQD-PLA (2 %) -32.2 mV 

Fe3O4 @CQD-PLA (7 %) -31.3 mV 

 

Coating with PLA decreases the zeta potential, indicating increased ionic 

strength and aggregation. However, the decrease in the zeta potential value in 

2% PLA, which is -32.2 mV, is still classified as a stable colloid with low-

moderate ionic strength. One of the tested formulations, the 2% PLA sample, 

had a zeta potential of −32.2 mV, which falls within the range reported for 

relatively stable colloidal systems. Thus, the 2% PLA formulation exhibited 
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good surface charge properties under the experimental conditions of the 

present study.  

The body may circulate more slowly and interact less adversely with blood 

proteins if the zeta potential is higher. This advantage may make high zeta 

potential (such as -32.2 mV) more biocompatible than low zeta potential ones 

in biological imaging or drug administration applications (Öztürk et al., 2024; 

Serrano-Lotina et al., 2023). In certain situations, a moderate negative charge 

(~–30 mV) may be more advantageous than a very low charge if the particles 

are intended for in vivo imaging (enhanced circulation and reduced 

nonspecific binding), provided that stability is maintained. However, these 

results are insufficient to establish biological compatibility or suitability for in 

vivo applications, and further optimization and testing are needed. 

3.5 UV Fluorescence Characterization  

 

UV fluorescence was used to characterize the Fe3O4@CQD samples coated 

with PLA at 0.5%, 2%, and 7%, as well as those without PLA. UV 

fluorescence spectra of Fe3O4/CQD nanocomposites without and with PLA 

variations were measured in the wavelength range of 400-650 nm, as shown 

in Figure 6. The excitation wavelength used is 300 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The UV Fluorescence spectra of Fe3O4@CQD-PLA 
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The UV fluorescence test revealed a significant increase in the fluorescence 

emission intensity of Fe3O4@CQD nanocomposites following PLA coating, 

particularly at 2% concentration. Increased fluorescence intensity indicates 

that the PLA coating effectively reduces quenching effects, usually caused by 

surface defects or interactions with oxygen, by forming a surface shield that 

inhibits non-radiative processes and maintains the photoluminescence 

stability of the CQDs. Improved homogeneity and dispersion of nanoparticles 

in the fluid may contribute to this rise in fluorescence intensity by enhancing 

the efficacy of light-particle surface contact. The highest observed 

fluorescence intensity was obtained for the sample containing 2% PLA. This 

result suggests that, under the experimental conditions used in this study, 2% 

PLA provided the most favorable fluorescence response among the tested 

concentrations. The increase in fluorescence may be associated with surface 

passivation and reduced quenching; however, further experiments are required 

to confirm the underlying mechanism (Kato et al., 2022) 

Since the coating is not uniformly applied, protection against CQD is subpar 

at 0.5% PLA, and the increase in intensity is negligible. Conversely, at a 7% 

PLA concentration, the fluorescence intensity decreases due to optical 

resistance or self-absorption resulting from the excessive thickness of the PLA 

layer. To mitigate adverse impacts on photoluminescence, the PLA coating 

not only enhances fluorescence stability but also improves coating 

concentration and uniformity (Khalaf et al., 2024). Crystalline CQDs are more 

vulnerable to self-quenching events caused by surface contacts at short 

distances in the solid state because they have a higher fraction of sp2 domains 

than amorphous CQDs. Nevertheless, even in the solid state, surface 

passivation using PLA chains ensures a superior emission profile for CQDs. 

Superior emission is attributed to the outstanding dispersion of CQDs within 

the PLA solid matrix, facilitated by the presence of a polymer shell at their 

surface, which significantly reduces π-π core interactions (Mauro et al., 2024). 

 

3.6 SEM EDX Characterization  

 

A scanning electron microscope (SEM) was used to evaluate the surface 

morphology, shape, and particle size of the Fe3O4@CQD and Fe3O4@CQD 

PLA 2% sample. Figure 7a and 7b show the SEM image of the Fe3O4@CQD 

and mapping. The SEM image of Fe₃O₄/CQD reveals an irregular morphology 

with a tendency to form agglomerates. The observed agglomeration is likely 

attributable to inter-particle interactions among Fe₃O₄ particles—specifically 

magnetic dipole-dipole interactions—as well as surface interactions occurring 

during the synthesis and drying processes. A distribution of small granules is 
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visible on the surface of the agglomerates, indicating the formation of 

Fe₃O₄@CQD nanocomposites. EDX mapping data (shown in Figure 8a) 

indicate Fe, O, and C contents of 70.45%, 20.10%, and 9.45%, respectively. 

 

Figure 7c shows the SEM image of the Fe3O4@CQD-PLA 2% sample at 

1,000× magnification, whereas Figure 7d shows the image at 5,000× 

magnification. The spherical, irregular shape of the particles produces large 

agglomerates at 1,000× magnification. Due to interparticle attraction, 

magnetic nanoparticles such as Fe3O4 often agglomerate (Yew et al., 2020). 

At 5,000× magnification, the rough and porous particle surfaces clearly 

indicate the presence of a PLA polymer coating, despite the distribution's 

apparent irregularity. The particle morphology, consisting of a collection of 

nano- to submicron-sized particles, is further emphasized by the 5,000× 

magnification image. The agglomeration phenomenon is closely related to the 

synthesis parameters and synthesis method used. These synthesis parameters 

can increase atomic mobility and particle surface energy, thereby promoting 

coalescence and particle growth during synthesis, particularly in magnetic-

based materials such as Fe3O4 used in this study. 

 

 

Figure 7. SEM results of Fe3O4@CQD (a)-(b), Fe3O4@CQD-PLA 2%: 1,000× 

magnification (c), 5,000× magnification (d) 

 

 (a) (b) 

(c) (d) 



Astuti et al. / Mindanao Journal of Science and Technology Vol. 24 (Special Issue) (2026) 54-70 

66 

 

To ascertain the distribution of constituent elements in the PLA-coated 

Fe3O4@CQD sample, EDX Mapping characterization was also carried out. 

The presence and distribution of the elements Fe, O, and C on the particle 

surface are verified using this method in conjunction with SEM analysis. This 

elemental mapping, which reveals the presence of carbon and polymer layers, 

validates the efficacy of the material production process. The Fe3O4@CQD-

PLA 2% sample contains three major elements: iron (Fe), oxygen (O), and 

carbon (C), as indicated by the EDX analysis results displayed in Figure 8b. 

Their relative weight compositions are 57.57%, 26.84%, and 15.59%. The rise 

in the amounts of O and C in the Fe₃O₄@CQD-PLA shows that PLA is adding 

to the nanocomposite. 

The EDX results for this sample are semi-quantitative, so the elemental 

percentage values obtained serve only to verify the relative composition, not 

for an absolute quantitative analysis. The formation of the Fe3O4@CQD 

nanocomposite with 2% PLA, with most of the nanocomposite coated with 

PLA, was confirmed by SEM and EDX data (Salimi et al., 2025).  

 

 

Figure 8. EDX results of Fe3O4@CQD (a), Fe3O4@CQD-PLA 2% (b) 

 

Additional modifications to the coating ratio, sonication time, and synthesis 

technique are necessary, as the development of agglomeration and an uneven 

 (a) 

(b) 
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surface suggests the coating process was not performed consistently. The SEM 

observations indicate that the 2% PLA-coated Fe₃O₄@CQD sample exhibits 

particle agglomeration and a non-uniform surface morphology. Although the 

surface characteristics are consistent with a polymer coating, the coating does 

not completely prevent particle aggregation. The EDX mapping confirms the 

presence of Fe, O, and C in the sample, supporting the formation of the 

Fe₃O₄@CQD-PLA composite. Therefore, the SEM-EDX results support the 

formation of a PLA-containing nanocomposite but also indicate that further 

optimization of the coating ratio, sonication conditions, and synthesis 

parameters is needed to improve surface uniformity and reduce agglomeration 

(Fattahi Nafchi et al., 2022; Osaci & Cacciola, 2020). 

 

 

 

4. Conclusions and Recommendations 

 

XRD and FTIR studies have demonstrated the successful completion of 

Fe3O4@CQD coating with PLA. FTIR results at PLA concentrations of 2%, 

5%, 7%, and 10% indicate the formation of a PLA coating on Fe₃O₄@CQD, 

while XRD results for the Fe₃O₄@CQD sample with 5% PLA confirm that no 

change in the crystal structure of Fe₃O₄ occurred. The 2% PLA formulation 

also exhibited a zeta potential of −32.2 mV, indicating relatively favorable 

colloidal stability under the experimental conditions. However, SEM analysis 

revealed particle agglomeration and a non-uniform surface morphology, 

indicating that further optimization of the coating process is required. The 

potential studies of zeta further demonstrate that PLA's efficacy as a dispersant 

is significantly influenced by concentration and synthesis techniques. Overall, 

the physicochemical results suggest that the Fe₃O₄@CQD-PLA 

nanocomposite, particularly at 2% PLA, has potential for further investigation 

in bioimaging-related applications. Further studies involving cytotoxicity, 

biocompatibility and imaging performance are necessary before its biomedical 

applicability can be established. 
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