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This study developed a novel silica-coated magnetic nanoparticle (Fe3O4@
SiO2@Cu BTC) based on a metal-organic framework (MOF) for targeted 
anticancer medication delivery. Using a co-precipitation method, the Fe3O4@
SiO2 core was coated with Cu(OH)2  shell, which was then converted to CuBTC 
in a hydroethanolic mixture. Finally, a post-synthetic approach was used to 
manufacture a 3-(mercaptopropyl) trimethoxysilane functionalized Fe3O4@
SiO2@Cu BTC nanocomposite. The resulting material is characterized using 
SEM-EDX, TEM, VSM, XRD, TGA, BET, UV–Vis, and FT-IR techniques. TEM 
and SEM micrographs confirmed the core-shell structure. The resulting 
nanocomposite has high thermal stability, according to TGA findings. Because 
of their great biocompatibility and drug loading capability, coated Fe3O4@
SiO2@Cu BTC nanoparticles might be perfect for drug delivery. Capecitabine 
(CAP), an anticancer medication, was successfully dispersed through MOF 
pores. The acquired data revealed that 91 percent of the CAP was adsorbed 
on the constructed framework, and that the release of capecitabine in PBS 
buffer solution (pH 5.7) at 37 °C took up to 60 hours to complete. The findings 
show that nano-sized MOFs-based magnetic NPs with high drug loading and 
acceptable biocompatibility are viable options for targeted drug delivery.
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INTRODUCTION
Finding new and creative cancer treatments 

and carriers is a big challenge all around the globe 
[1]. Today, significant advances have been made 
in the treatment of various diseases by using 
modern techniques in drug delivery.  New carriers 
including porous surface adsorbents  and Metal 
Organic Frameworks (MOFs) have been widely 

studied and utilized for cancer treatment, and they 
play an important role as drug transporters [2]. 
Recent breakthroughs in MOF and nanoporous 
materials have aided in the treatment of cancer 
[3]. Micelles [4], liposomes [5], nanogels [6], 
mesoporous silica [7,8], dendrimers [9], polymeric 
nanoparticles [10,11], nanocatalyst [12-14], and 
magnetic nanoparticles [15] are only a few of 
the nanocarriers that have been used in cancer 
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treatment. Targeted drug delivery systems (DDS) 
or smart DDS has been used as a startling strategy 
in advanced cancer treatment throughout the 
past several decades [16-18]. The customizable 
size, high agent loading, biocompatibility, and 
ease of chemical functionalization of MOFs made 
of metal ions bridged by organic ligands have 
piqued interest [19]. MOFs have recieved a lot of 
attention from researchers and academics since 
Yaghi et al. initially used them in 1999 because of 
their large specific surface area, ultra-high porosity, 
high pore volume changeable pore size, and great 
chemical and thermal stability [20]. MOFs are 
extensively employed in a variety of domains, 
including gas storage [21], catalysis [22], sensors 
[23], and medicinal applications, including drug 
delivery [24].Magnetic metal-organic frameworks 
(MMOFs) have sparked a lot of attention in the 
last ten years since they have a lot of applications 
in biomedical chemistry [25]. When compared 
to other MOFs, MMOFs offer various benefits, 
including (I) precise selection of an appropriate 
target material, [26] (ii) simple separation from 
mixed solutions [27], (III) good dispersion, and 
(IV) many reuses are all advantages. The utilization 
of MMOFs for the targeted delivery of NPs to the 
place of interest with the guidance of an externally 
supplied magnetic field is enabled by the synergistic 
actions of MOFs and magnetic particles [28]. As a 
result, drug delivery applications are appealing to 
MMOF materials [29]. Because of the simplicity 
of functionalization, high stability, enhanced 
dispersibility, and resistance to degradation and 
agglomeration, silica coated magnetic MOFs are 
excellent alternatives for drug delivery [30]. Cu-
MOFs, among the many types of MOFs, have 
shown to have a lot of promise and interesting 
applications in current material science [31]. Cu-
MOFs are made up of oxygen, nitrogen, various 
organic ligands, and copper ions that form when 
the coordination polymer self-assembles. Due 
to its high solubility, trimesic acid (H3BTC) was 
used as a linker precursor in many experiments 
to examine the production of MOFs. H3BTC is a 
low-cost, rigid-structured tricarboxylic acid that 
has been utilized to make a variety of MOFs [32]. 
Capecitabine is one of the most significant cancer 
treatments, and it belongs to the antineoplastics 
(cancer therapies) class of chemicals [33]. Despite 
several investigations on magnetic MOFs as 
innovative drug delivery systems, there is still a 
need to develop new nanocarriers for capecitabine 

progressive release (CAP). There has been no 
report on the use of MOF as a nanocarrier for CAP 
loading and release to yet. MMOFs have been used 
to administer and release cancer medicines in a 
variety of ways. Fe2O3@MOFs were synthesized by 
Yi-nan Wu et al. for loading and releasing Ibuprofen 
[34]. Martin E et al. [35] produced a novel kind of 
magnetic NPs/MOF carriers that might be used in 
targeted medication delivery systems. In addition, 
the scientific group of Javanbakht et al. produced 
ibuprofen-loaded Cu-based MOFs and discovered 
that the medication was released within 24 hours 
[36]. Lin Hou et al. developed a Cu-based metal-
organic framework-based antitumor efficacy 
triggering system (MOF). This approach offered a 
viable technique for using DSF in tumor treatment 
[37]. Also, a novel form of magnetic nanocarrier 
for DOX delivery and controlled release based 
on Fe3O4@PDA@ ZIF-90 [38]. Wu et al. used 
Fe(acac)3@MIL-53(Al) pyrolysis to create Fe2O3@
MIL-53(Al). The ibuprofen loading in the prepared 
MOFs was reported to be about 9.9% and released 
for five days.We provide a unique strategy to 
constructing a simple and cost-effective tailored 
medicine delivery system based on MMOFs. By 
combining silica-coated Fe3O4 NPs with Cu -BTC 
(benzene-1,3,5-tricarboxylate) as an effective MOF, 
the Fe3O4/SiO2/Cu BTC nanocomposite was created 
(Scheme 1). FT-IR, XRD, SEM, EDX, BET, and 
TEM methods were used to analyze the structural 
and morphological characteristics of the produced 
magnetic MOFs. The anticancer medication 
capecitabine (CAP) was used as a model to explore 
drug loading and release characteristics.

EXPERIMENTAL
Materials and methods

Ferrous chloride (FeCl2.4H2O), ferric chloride 
(FeCl3.6H2O), ethanol, ammonium

hydroxide (NH3.H2O), tetraethylorthosilicate 
(TEOS), copper chloride (CuCl2 ·H2O), 
trimesic acid (H3BTC), toluene(anhydrous), 
(3-mercaptopropyl)trimethoxysilane, were 
bought from Merck Company, Germany. The 
active ingredient of the capecitabine was provided 
from Temad Pharmaceutical Company, Iran. All 
chemicals and materials were utilized without 
purification procedures.

Synthesis of Fe3O4@SiO2
Magnetic iron oxide nanoparticles were 

produced utilizing a co-precipitation method [39]. 
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To begin, deionized water was used to dissolve 
FeCl3.6H2O (2.307 g) and FeCl2.4H2O (3.97 g) (100 
mL). The mixture was then progressively added 
to diluted NH3 solution (7.47 mL) under a N2 
atmosphere at 85 °C for two hours. The resulting 
black participant was combined with ethanol (80 
mL), 40 mL of TEOS, and 2 mL of a diluted NH3 
solution at pH=11-12 for 16 hours with vigorous 
stirring. Finally, the product was collected using a 
powerful magnet, rinsed with a 1:1 (V/V) ethanol 
and water solution, and dried for 24 hours under 
vacuum at 80 °C.

Synthesis of Fe3O4@SiO2@Cu(OH)2
The Fe3O4@SiO2@Cu(OH)2 MNPs were 

synthesized using the previously described co-
precipitation technique. In 200 mL DI H2O 
containing 1.0 g CuCl2 •H2O, 0.5 g Fe3O4@
SiO2 was added. The resulting product was then 
ultrasonically mixed for 20 minutes, and the pH 
was corrected to 9.0-10.0 by stirring in NaOH 
solution. For three hours, the mixture was held at 
85°C. Finally, the product was washed in deionized 
water and ethanol before being vacuum dried at 
50°C for 24 hours [40].

Synthesis of Fe3O4@SiO2@CuBTC
The Fe3O4@SiO2@Cu -BTC composite was 

made using the method described in ref [41] with 
minor changes. 0.440 g of Fe3O4@SiO2@Cu(OH)2 
was disseminated in for  deionized water this 
purpose (8Ml). The solution was then treated 
with 16 mL of ethanol solution containing 0.063 
g H3BTC to convert Cu(OH)2 to Cu -BTC. The 
mixture was rapidly agitated at room temperature 
for 12 hours, and the required result was separated, 
washed multiple times with deionized water and 
dried for 12 hours at 150 degrees Celsius.

Mercapto-functionalization of Fe3O4@SiO2@CuBTC
Fe3O4@SiO2@ CuBTC MNPs (2g) was added to 

the solution of 47.5 ml of anhydrous
toluene and 23.5 ml of 3-(mercaptopropyl)

trimethoxysilane, and then refluxed under vigorous 
stirring for 20 h. The modified magnetic 

nanoparticles were washed with toluene and dried 
at 60˚C for 12 h. [42].

Synthesis of powder nano-capsules
0.2 g of synthesis magnetic nanoparticles and 

0.1 g of capecitabine were dispersed into 150 mL 
of deionized water and stirred at 90 ̊C for five h. 

After that, the product was centrifuged, rinsed with 
water and dried at 80  ̊C [43].

Drug release
In order to release capecitabine in a malignant 

cell and a healthy human body state (pH 5.7 and 
7.4) in an in-vitro environment, the simulated 
circumstances need first be created in the 
laboratory. At 37 degrees Celsius, 0.2 grams of 
powdered nano-capsule containing Fe3O4@SiO2@
CuBTC@CAP was distributed in 40 milliliters of 
water and three drops of phosphate buffer saline 
(pH 5.7 and 7.4). After that, samples were obtained 
at various periods between 0 and 60 hours to 
capture UV-Vis data.

Characterization
The functional group of the collected 

samples was determined using a Bruker Fourier 
transforms infrared spectrometer (FT-IR) (Thane, 
Maharashtra, India). An X-ray diffractometer 
was used to conduct the XRD study (PANalytical, 
Philips, the Netherlands). A Rheumatic Scientific 
TG/DTA STA 1500 (USA) with a heating rate of 
10 Cmin-1 was used for thermodynamic analysis 
(TGA). Emission from the field for surface 
morphology and particle size assessment on as-
prepared materials, scanning electron microscopy 
(FESEM) (model TESCAN Mira3, Czech Republic, 
and model SIGMA VP, ZEISS Company, Germany) 
was applied. BET was used to determine the surface 
area and pore volume of the produced materials 
using an ASAP 2020 equipment (Micromeritics, 
USA) and N2 as an inert gas. A vibrating sample 
magnetometer was used to assess the items magnetic 
properties (VSM). A spectrophotometer was used 
to determine the concentration of capecitabine 
(Perkin Elmer UV-Vis spectrophotometer, Lambda 
25, USA).

RESULTS AND DISCUSSION
Sample characterizations
Fourier-transform infrared spectroscopy

FT-IR spectra of Fe3O4@SiO2, Fe3O4@SiO2@
Cu(OH)2, Fe3O4@SiO2@Cu BTC and mercapto 
modified Fe3O4@SiO2@Cu BTC are indicated in 
Fig. 1. In the FT-IR spectra of Fe3O4@SiO2, a wide 
peak around 1090 cm-1 was observed, which was 
attributed to the stretching vibration of O-Si-O, 
showing the successful preparation of Fe3O4@SiO2. 
As illustrated in Fig 1(b), the absorption bands at 
600 cm-1 and 1000 cm-1 were attributed to Cu-O 
vibrations, Cu-OH and OH stretching vibrations, 
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which proved that Cu(OH)2 was successfully 
immobilized on the surface of magnetic Fe3O4@
SiO2 nanoparticles.

The OH group of surface adsorbed water 
molecules was ascribed to the broadband at 3398 
cm-1 for Fe3O4@SiO2@Cu BTC, as were absorption 
peaks of the C=O bonds (1642 cm-1 and 1564 cm-1) 
and stretching, vibration absorption peaks of C=C 
bonds on the benzene ring (1446 cm-1 and 1373 
cm-1). Fig. 1(b) demonstrated that the absorption 
bands at 729 and 487 cm-1 in Cu-BTC and iron 
oxide, respectively, were connected with Cu-O and 
Fe-O-Fe bonds. The aliphatic S-H stretch vibrations 
of the mercapto agent resulted in a large absorption 
band of around 2900 cm-1 in the spectra of 1(C).

X-ray Diffractions
Fig. 2 shows the XRD patterns of (a) Fe3O4@SiO2, 

(b) Fe3O4@SiO2@Cu BTC and mercapto modified 
Fe3O4@SiO2@Cu BTC (c), respectively. In (a), the 
diffraction peaks at 2θ= 30.01˚, 36.01˚, 43.02˚, 
53.61˚, 57.11˚and 62.81˚ are related to (220), (311), 
(422), (400), (511) and (540) Bragg reflections, 
respectively, which accorded well with the standard 
cubic spinel structure of Fe3O4 (reference JCPDS 
cad no. 19-629). Additionally, several peaks are 
presented at diffraction angles at 2θ= 10-20˚, which 
could be attributed to the amorphous phase of SiO2. 
Moreover, the diffraction peaks of Fe3O4@SiO2@

Cu BTC were in accordance with the published 
literature [44]. The major peaks of the mercapto-
modified Fe3O4@SiO2@CuBTC composite were 
consistent with Fe3O4@SiO2@Cu BTC. Thus, the 
intensity of characteristic diffraction peaks was 
gradually reduced in terms of the encapsulation of 
Cu-BTC and surface modification of Fe3O4@SiO2@
Cu BTC with the mercapto functional group.

Furthermore, the FullProf program examined 
all of the collected XRD patterns using the Rietveld 
refinement technique. The Rietveld method is 
often used to extract structural information 
from XRD data. This approach compares Bragg 
parameters to those generated from a hypothetical 
structural model using a least-squares fitting 
formula. Furthermore, the Rietveld factors are 
calculated to assess the fitting elements of the 
experimental data, including the goodness of fit 
(2) and various R factors (RF = crystallographic 
factor and RWP=weighted profile R-value). The 
best fitting quality to the experimental XRD data 
is attained when the aforementioned parameters 
reach their optimal value, and the crystal structure 
is regarded acceptable. Table 1 shows the Rietveld 
refined data collected for all produced samples. 
The low value of 2 achieved for all synthesized 
materials demonstrated the Rietveld refinement 
suitability. Crystallite sizes calculated from the 
Rietveld method are listed in Table 1. We have 

Fig. 1. FT-IR spectra of (a):Fe3O4@ SiO2, (b):Fe3O4@SiO2@ Cu(OH)2, (c) Fe3O4@SiO2@ Cu BTC, (d) mercapto modified Fe3O4@SiO2@
Cu BTC
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observed that the crystallite sizes of Fe3O4 and SiO2 
in both the Fe3O4@SiO2 and Fe3O4@SiO2@Cu BTC 
samples were increased. According to Table 1, it 
can be observed that the crystallite size of mercapto 
modified Fe3O4@SiO2@Cu BTC nanocomposites 
was reduced after surface modification. This 
phenomenon can be due to the compaction of 
crystal structure after surface modification of 
Fe3O4@SiO2@Cu BTC with mercapto groups. The 
mercapto modified nanocomposite indicated the 

lowest Cu-BTC weight percentage, suggesting 
hydrolysis or decomposition of the materials 
during the drying process, which is observable in 
the TGA data.

Magnetic properties of the prepared samples
VSM was used to test the magnetic behavior of 

the as-prepared nanomaterials at room temperature. 
The VSM curves of Fe3O4@SiO2 (a), Fe3O4@ SiO2@
CuBTC (b), and mercapto modified nanocomposite 

Fig. 2. XRD patterns of (a) Fe3O4@SiO2, (b) Fe3O4@SiO2@Cu BTC and (c) mercapto modified Fe3O4@SiO2@Cu BTC

Fig. 3. Magnetization curves of (a) Fe3O4@SiO2, (b) Fe3O4@SiO2@Cu BTC nanocomposite and (c) mercapto modified Fe3O4@SiO2@
Cu BTC
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(c) are shown in Fig. 3. (c). As shown in Fig. 3, all 
produced samples exhibited a superparamagnetic 
behavior, and the saturation magnetization (Ms) 
clearly decreased with the addition of CuBTC 
species. Due to the encapsulation of CuBTC on 
silica-coated Fe3O3 NPs surface, the Ms value of 
Fe3O4@ SiO2@CuBTC nanocomposite (34.96 emu 
g-1) was much lower than Fe3O4@ SiO2 (11.55 emu 
g-1). An external magnetic field may also be used to 
recover the Fe3O4@ SiO2@CuBTC nanocomposite 
from a solution, as demonstrated in Fig. 3.

Nitrogen adsorption/ desorption of the prepared 
samples

The surface and pore structure of the as-
synthesized magnetic nanocomposites were further 
assessed by nitrogen adsorption/desorption analysis 

(BET), with the findings shown in Table 2. Fe3O4 @
SiO2 had a surface area (SBET) of 29. 81 m2g-1 and 
a total pore volume (Vm) of 0.04 cm3 g-1, according 
to the data. Meanwhile, after encapsulating Cu-
BTC, SBET and Vm were enhanced to 152.87 
m2g-1 and 0.2908 cm3 g-1, respectively, indicating 
that Cu(OH)2 was successfully converted to Cu-
BTC. The BET surface area of Fe3O4 @SiO2 @Cu-
BTC was significantly reduced following surface 
modification with the mercapto functional group, 
as shown in Table 1. Mercapto modified Fe3O4 @
SiO2 @ Cu-BTC surface area decreased dramatically 
from 152.87 m2g-1 to 78.36 m2g-1.

Evaluation of SEM-EDX
Scanning electron microscopy was used 

to examine the structural and morphological 

Table 1. Crystallite sizes of samples by Rietveld method

𝜒𝜒2

 

Table 2. BET specific surface area and pore volumes of the obtained samples
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properties of (a) Fe3O4 @SiO2 and (b) Fe3O4@SiO2 
@CuBTC nanocomposites, as well as mercapto 
modified Fe3O4@SiO2@Cu-BTC nanocomposites. 
Fe3O4@SiO2 NPs were spherical with an average 
diameter of 40 nm, as shown in Fig 4(a). The 
diameter was raised to 70 nm after being encased 
with Cu-BTC MOF (Fig. 4b). Fe3O4@SiO2@Cu-
BTC shape was discovered as a regular core-shell-
like structure. Cu-BTC seems to have magnetized 
and agglomerated tiny particles of magnetic NPs. 
Fig. 4 shows the related energy-dispersive X-ray 
(EDX) spectra in order to determine the chemical 
structure of the mercapto modified Fe3O4@SiO2@
Cu BTC nanocomposite. The existence of Fe, 
Si, S, Cu, C, and O components in the chemical 
composition of the final magnetic mercapto 
modified nanocomposite is shown by the EDX 
spectrum.

A transmission electron microscopy (TEM) 
picture of magnetic Fe3O4@SiO2@Cu-BTC 
nanocomposite is displayed in Fig. 6 to further 
analyze particle shape and size distribution. The 
produced Fe3O4@SiO2@Cu-BTC product had a 

semi-spherical form, and the surface topography 
of the core-shell-like nanocomposite was rough, 
as shown in Fig.6. Due to the strong electrostatic 
interactions between Fe3O4@SiO2 and Cu-BTC 
motifs, a relative agglomeration was also observed. 
Furthermore, after being encapsulated with Cu-
BTC, the size of Fe3O4 NPs increased.

Thermogravimetric analysis of the prepared sample
TGA was used to evaluate the magnetic Fe3O4@

SiO2@Cu-BTC nanocomposite thermal behavior 
and stability. The initial weight loss (13%) is due 
to moisture evaporation in the micropores of the 
obtained sample, as seen in Fig. 7. When the Cu-
BTC complex collapses, the second weight loss 
(300 to 450 °C) occurs. From the standpoint of 
thermal stability, the ultimate weight loss (450-
550) shows the disintegration of mercapto species; 
this magnetic nanocomposite is ideal for cancer 
therapy.

Sustained drug release
The use of magnetic Fe3O4@SiO2@Cu-BTC as a 

 

 

c 

b a 

Fig. 4. SEM micrographs of (a) Fe3O4@SiO2, (b) Fe3O4@SiO2@CuBTC and (c) mercapto modified Fe3O4@SiO2@CuBTC nanocomposites
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targeted drug delivery device was examined. This 
material was chosen because of its biocompatibility 
and large surface area. The ability of mercapto 
modified Fe3O4@SiO2@Cu-BTC as a pH-responsive 
nanocarrier was evaluated using capecitabine 
as a biological model. Anticancer medication 
formulations need controlled drug release. The 
release profile of CAP was investigated using a 
PBS buffer solution with pH values of 5.7 and 7.4. 
To model drug release behavior in the malignant 
cell surrounding environment, Fig. 8 shows the 
release of CAP from Fe3O4@SiO2@Cu-BTC/ CAP 
nanocapsule in acidic and neutral media. The 
produced nanocarrier displays regulated CAP 

release properties in PBS solution, as predicted, 
because to the comparatively high loading 
efficiency of Fe3O4@SiO2@Cu-BTC. The total CAP 
release from Fe3O4@SiO2@Cu-BTC was reached 
after 60 h in PBS buffer at pH 5.7, as shown by the 
time-dependent release curve (Fig. 8). Because 
of the physical sorption of CAP on the magnetic 
nanocarrier, around 40% of the CP were released 
over the first seven hours, according to the release 
profile. Following that, CAP release increased 
steadily, with 45 percent released within 15 hours 
due to anticancer drug diffusion from Cu-BTC 
pores into the PBS solution. This may be attributed 
to the strong interaction between the Fe core and 

Fig.6. TEM image of Fe3O4@SiO2@Cu-BTC sample

Fig. 5. EDX spectrum of mercapto modified Fe3O4@SiO2@Cu-BTC
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base groups of CAP drug molecules, since the final 
loaded medication (approximately 12 percent) 
was released for up to 40 hours. Only 72 percent 
loaded capecitabine in mercapto modified Fe3O4@
SiO2@Cu-BTC released in PBS at pH 7.4 during 
24 hours.The findings showed that the mercapto 
modified Fe3O4@SiO2@Cu-BTC nanocomposite, as 
synthesized, provides a viable platform for targeted 
anticancer drug delivery as a new nanocarrier.

CONCLUSIONS
We created a Cu-BTC motif on the surface 

of nano-sized core-shell magnetic NPs (Fe3O4@
SiO2@Cu-BTC) as a nanocarrier for regulated drug 
administration of CAP, and FT-IR, SEM, TEM, 
XRD, and BET analytical techniques were used to 
determine its structural characteristics. The core-
shell shape of the produced Fe3O4@SiO2@Cu-BTC 
was validated by SEM and TEM analysis, and 
the superparamagnetic behavior of the magnetic 
nanocomposite was shown using the VSM 
method. The magnetic iron oxide core gave the 
nanocarrier a strong magnetic property, allowing 
for controlled drug release and simple removal. In 

Fig. 7. Thermogravimetric analysis of Fe3O4@SiO2@Cu-BTC sample

Fig. 8. The CAP release profile from Fe3O4@SiO2@Cu-BTC nanocarrier in PBS solution at pHs 5.7 and 7.4.
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mercapto modified Fe3O4@SiO2@Cu-BTC released 
within 24 hours in PBS at pH 7.4, Fe3O4@SiO2@
Cu-BTC nanoparticles with a mean size of 70 
nm can load CAP antitumor drug and 72 percent 
loaded capecitabine in Fe3O4@SiO2@Cu-BTC 
nanoparticles with a mean size of 70 nm can load 
CAP antitumor. As a result, the created MMOFs 
networks were shown to be successful in controlling 
the release of anticancer drugs. In addition, further 
in-vivo tests are needed to examine the magnetic 
drug delivery system enormous potential as a 
theranostic platform for the treatment of various 
malignancies.
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