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Abstract
Many researchers have considered the idea of using heat to shrink cancer cells and treat cancer.

However, efforts in recent years have led to creating novel material more practical in clinical application.
The main reason for the synthesis and producing these materials is to raise the temperature in the right
place so that healthy cells around the cancerous tissue are not harmed. Nowadays, this can be partly
achievable with new devices and methods. Also, cadmium selenide (CdSe) nanoparticles with zinc selenide
(ZnS) coating for special optical properties were investigated in this work. The CdSe nanoparticles have a
wide application in biomedical engineering, including detecting cancer tumors and hyperthermia. There
are various methods for synthesizing CdSe nanopatrticles, such as precipitation, wet chemistry, mechanical
activation, and mechanochemical technique. In this study, we have tried to use an economical method to
control Cd ions' toxicity. After fabricating the nanoparticles, vibrating sample magnetometer (VSM), and
hyperthermia analyses (HT), X-ray diffraction (XRD), and scanning electron microscopy (SEM) technique
were performed to characterize the magnetization, thermal changes versus time, phase, and morphology of
the synthesized nanoparticles. The obtained results indicated that the CdSe successfully synthesized using
chemical segmentation for biomaterials applications.

Keywords: Quantum dots, Hyperthermia, Radiation therapy, Magnetic nanoparticles, Chemical
segmentation.

1. INTRODUCTION
After cardiovascular disease and car rate among people depending on their
accidents, cancer has the highest mortality genetics, air pollution, and nutrient habits.
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Cancer is caused by cells' mutations
enormously in the body, either bone or soft
tissue [1-4]. The mutated cells proliferate
faster than healthy and normal cells that can
eliminate the cells' nutrients and oxygen [4-
6]. Cancer is the main cause of premature
deaths in recent years, and people have paid
billions of dollars annually to treat cancer
worldwide. There is a need to know about
the cancer mechanism to address the cancer
tumor for better treatment. The main
problem with cancer is acidification and
depletion of tissue oxygen [4-9]. Cancer
cells are transformed from an advanced
human cell to a primary cell. Healthy human
cells become cancer cells in the absence of
sufficient oxygen and nutrient that can
increase with the support of sugars and
blood [2-7]. Cancer cells are divided into
two groups of malignant (MC) and benign
cells (BC), in which the MC are the cell that
grow and multiply when there are
spontaneous genetic mutations. The size of
these cells is maximally 1-2-1 mm?® [5-9].
Tumors need blood vessels to get the
necessary nutrients from the blood and
spontaneously develop growth factors in the
blood vessel by themselves that related with
factors include vascular endothelial growth
factor (VEGF), basic fibroblast growth
factor (BFGF), and a bunch of proteins.
These factors cause the capillary growth
within the cancer cell, which is spontaneous
and causes blood vessels to grow in a cancer
cell as tumor angiogenesis [10-13]. There
are several ways to fight cancer cells that are
focused on energy - based approaches.
Recently, hyperthermia and radiotherapy
treatment are two adjunctive methods used
to fight cancer cells [14-16]. This study aims
to synthesize nanoparticles that can be used
in adjunctive therapy with a lower cost,
better efficiency, and safe response. For this
purpose, quantum dot (QD) nanoparticles
that have unique thermal, chemical, and
optical properties were used [18-24]. When

all three dimensions of a matter are on a
nanometer scale, the resulting structure is
called a quantum dot [25-32]. These points'
excitation is usually caused by ultraviolet
(UV) radiation, which results in visible light.
The performance of these points is due to
the adjustable wavelength that emits the
lights. The QD materials are semiconductor
nanoparticles with small bond points and a
large bandgap. They also exhibit size and
composition  dependent  optical and
electronic properties. The size range is
between 1.5 and 10.0 nm [33-39]. The
optical and chemical evidence suggested
that increasing or decreasing one type of
atom can alter the bandgap and consequently
the intensity of light emitted by these
nanoparticles [40-47]. In addition to UV
rays, excitation of these points is also done
by heat or electric field. The width of these
points is about 2-10 nm, equivalent to 10-50
atoms. The application of QDs in various
applications has limitations such as particle
aggregation,  toxicity and lack of
bioaccumulation, and inaccessibility. After
synthesizing these points, the researchers
refined their surface factors by performing
complementary operations and the surface
treatment process [48-57]. In this regard,
CdSe QDs are used in a wide range of
specialized fields. One of the widespread
applications of these nanoparticles is in
biomedical imaging. Rays with wavelengths
close to UV rays have the ability to
penetrate human tissue. Therefore, by
injecting CdSe nanoparticles properly into
the damaged tissue, it is possible to image
the tissue in those damaged areas. Also, the
role of metal coatings on these nanoparticles
in amplifying the magnetic field is of
particular importance. Coating the QDs with
a layer of another semiconductor (shell) with
a larger energy band can enhance the
luminescence properties of the complex.
Zinc sulfide-coated CdSe has recently
received much attention due to its adjustable
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gap band, high conductivity, high chemical
stability, and special optical properties [54-
58]. As mentioned, this study's ultimate goal
is to investigate the optical and thermal
properties of synthesized nanoparticles for
their use as a destructive agent for cancer
cells. In fact, this research is preliminary to
the hypothesis that the local release of heat
by a mechanism described above can
increase the temperature in the cancer cells,
however; the hyperthermia at the desired
temperature and, to some extent, affect DNA
can be sufficiently treated the abnormal cells
[23-25, 56-60]. This heat also causes
electron transfer and radiation in the QD.
The aim of this work is to synthesize and
characterize novel CdSe nanoparticles for
hyperthermia and photothermal therapy
application. The XRD and SEM analysis are
used to characterize the phase and
morphological properties of the fabricated
nanoparticles.

2. MATERIALS AND METHODS
CdSe QDs were synthesized in this study,
and their unique radiation release properties
and  other  thermal, optical and
morphological characterization were
investigated. Required materials for the
synthesis of CdSe include cadmium acetate
(CdC4HeO4, 99.99%, sodium  selenite
(Na,0O3Se, 99.99%), ferric  chloride
(FeCl3.6H,0, NaOH, TGA (Thioglycolic
Acid), ethanol) purchased from Merck
company with 98% purity. Equation 1
shows the general physical and chemical
reaction of the formation of CdSe
nanocrystals as below;

CdC4HeO4 + Acid (Thioglycolic acid) +
Na,03Se+FeCl; — CdSe (Fe) + Oxide
products 1)

Initially, to prepare solutions of equal
molarity from cadmium acetate and sodium
selenite in 20 ml of deionized water,
according to thermodynamic calculations,

0.046 g and 0.034 g of cadmium acetate and
sodium selenite were poured into a beaker
with deionized water to reach 20 ml. Then,
the solution containing cadmium precursor
solution and solution containing selenite
precursor solution was prepared. To create 5
wt% of iron nanoparticles, the weighed
0.011 g of hexachloride iron was added to
solution number one. Then, 0.5 ml of TGA
was added to the above solution. Due to the
chemical stability of cadmium selenide
(CdSe) nanoparticles at pH = 11.2 with 2
molars of NaOH solution, the solution's pH
was also adjusted. After that, the number
one solution was mixed with the number
two solution and stirred for 35 min in a
water bath at 65°C and 1100°C with 650
rpm. At the time of mixing, the solution was
measured to determine the transposon pH
suitability and found that the environment
was suitable for synthesizing stable CdSe
nanoparticles. Afterward, the solutions were
centrifuged in four faucets and placed in a
centrifuge at 6000 rpm for 5 min. The
precipitate particles from the centrifuge
were washed twice with ethanol and dried
after the leaching step. The resulting
nanoparticles were transferred to an
environment of 4°C to  prevent
agglomeration.  Two  samples  were
synthesized for phase and morphological
characterization. In the second sample, the
amount of surfactant used to investigate its
role in the nanoparticles' size was reduced
by 12 ml. The percentage of the magnetic
precursor was increased slightly to
investigate the magnetization value. The
final product was characterized using X-ray
diffraction (XRD) analysis, the crystal
morphology was determined by scanning
electron microscopy (SEM) technique. To
obtain the magnetic properties, vibrating-
sample magnetometer (VSM), hyperthermia
analyses (HT) at room temperature, and an
AC field with a frequency of 100 kHz were
performed. The HT device with ethanol
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suspension with 15 mg/ml in the center of
the copper coil, which is cooled by water. A
variable frequency alternating current (AC)
magnetic field is then applied, and the
temperature changes of the samples were
evaluated by a non-contact fiber optic probe
connected to a thermometer (LUXTRON,
USA). This device's frequency is adjustable
at 100, 200, 300, and 400 Hz, and the
maximum power is 300 W. It also has an
inductor with a diameter of 5 cm, a height of
4 cm, and a thermistor thermometer. Phase
characterization of powder and composite
samples was performed by XRD (XRD,
Philips X Pert-MPD System). The diffract-
tion pattern was obtained using Cu-Ka lamp
with wavelength A = 1/5406 A in the range
of 100<26<90°, step 0.02 and time for each
step 1 second. To determine the crystallite
size of CdSe using the Shearer method to
measure the nanoparticles crystal size. For
this purpose, three peaks from each phase in
the XRD pattern were selected, and peak
width was calculated:

0.890/t = B Cos 0 2)

CdSe Preparation
< & ——

where L is the grain size in nanometers, A
the wavelength used (for 0.1542 nm copper
tube), the K-shaped factor (0.89), B the peak
width chosen at half height in radians, and 6
the peak angle in degrees. In this method, by
drawing Ln B diagrams in terms of Ln
(1/Cos 0) and obtaining the width of the
source, which is actually Ln (KA/L), one can
obtain the average value of L crystals.
However, given that the values of k, A are
154 and 0.89, respectively. The
microstructure, particle distribution, and
morphology of powder and composite
samples were investigated by scanning
electron microscopy (Zaies 00947B). Before
examining the specimens, a very thin gold
coating was applied. Figure 1 shows the
schematic of the preparation of CdSe
nanoparticles using a centrifuge and wet
chemistry technique. To understand the
magnetic nanoparticle’s (MNPs) behavior,
the amount of heat release from the samples
was investigated in an external magnetic
field (EMF).

A

Precipitation

Figure 1. Schematic preparation of CdSe nanoparticles using centrifuge and wet chemistry

technique.
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3. RESULTS AND DISCUSSION

The XRD pattern of the synthesized
nanoparticles are shown in Figure 2. The
first, second, and third peaks represent the

Counts

(111), (220), and (311) pages. The XRD
pattern shows the synthesized sample
successfully doped the iron into the sample.
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Figure 2. XRD pattern of sample 1 and sample 2 of CdSe with various amount of surfactant.

The intensity of the peaks in sample 1
shows that the nanoparticles have high
crystallinity without any cubic phase effect.
The peak intensity shows the amorphous
nanoparticles due to the decrease in the
amount of surfactant compared to the first

sample and a change in the precursors'
mixing process. It can be concluded that the
nanoparticles are in agreement with the
constant lattice parameter to the mentioned
results [25]. The XRD patterns show that the
nanoparticles’ average grain size were
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calculated by the Debye-Scherrer formula
and estimated to be about 100-150 nm.
Figure 3(a-d) shows the SEM micrograph of
the  synthesized  nanoparticles  with
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Figure 3. SEM images of CdSe nanoparticles under different conditions.

Although, it considers first and second
case which shows that sample 2 have higher
crystal size. The SEM images show that
both samples have agglomeration particles
bonded with chemical reactions in the
fabrication process. The VSM results
measure  superparamagnetic  response's
magnetic properties in various forms of
single solid crystal and liquid thin films.
From the magnetic phase point of view, the
materials are divided into three forms such
as ferromagnetic, diamagnetism, and
superparamagnetic property. Paramagnetic
materials consist of atoms that have a

permanent magnetic moment but act
separately without any interaction. These
materials' magnetization orientation is
positive but small and affected by an EMF
in an approximate direction. Ferromagnetic
materials have spontaneous magnetization in
the absence of an EMF. The magnetization
obtained in antiferromagnetic materials is
eliminated in the absence of the magnetic
field, and their magnetic orientation
becomes such that the total magnetization
becomes zero. In ferromagnetic materials,
the magnitude of the magnetic moment in
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one direction is larger than others, resulting
in a net magnetism of zero.

Figure 4 shows the magnetic field
diagrams in terms of inductive flux in
samples 1 and 2, which is ideal for
biomedical engineering applications.
Obviously, the CdSe magnetic nanoparticles
are solid-phase materials that respond to the
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magnetic field, which can be single
nanoparticles or aggregates of micro and
nanoparticles. The composition, size, and
route of synthesis of magnetic nanoparticles
vary according to their type of application
[64-67].

0.3

Figure 4. Magnetization behavior of CdSe nanoparticles synthesized in the first step.

Still, superparamagnetic, ferromagnetic,
and ferromagnetic particles are applicable
for a variety of drug applications. These
materials are strongly affected by the EMF
due to the magnetic moment of the lattice
unit and the nanostructure of the domains so
that they act as a passive particle in the
absence of the EMF. The single-domain and
superparamagnetic  properties of CdSe
magnetic nanoparticles are the sources of
many unique properties. The domain walls
have a certain width and separate a group of
homogeneous spins that operate in a single
domain. The formation and stability of
domains are associated with energy
consumption. As the particle size is reduced
to the critical diameter, single-domain

particles are formed, which is not suitable
for energy formation in these conditions.
MNPs have a bright future due to the
reduction of magnetic fields and creating
superparamagnetic properties. For the use of
MNPs in medical applications, those that
exhibit superparamagnetic phenomena at
room temperature are preferred. Because
these particles’ magnetic properties are lost
in the absence of the EMF that does not
persist. The magnetic residues in these
materials can also cause them to clot,
blocking blood in the veins. Therefore, for
such applications, it is necessary to employ
superparamagnetic compounds. In general,
as mentioned above, the superparamagnetic
property is a kind of magnetic property seen
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in small ferromagnetic or free MNPs. In
small nanoparticles, magnetization can be
randomly shifted by temperature. In the
absence of an EMF, when the time used to

measure the nanoparticles’, magnetism is
much longer than the Nile relaxation time.

=@= Magnetite Nanoparticles
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Figure 5. Magnetization behavior of CdSe nanoparticles synthesized in the second step.

The MNPs in the EMF act like a
paramagnetic substance but with a very
large magnetic moment. Therefore, their
magnetization can be higher than the
paramagnetic. Figure 5 indicates the
magnetization behavior of CdSe
nanoparticles synthesized in the second step.

Figure 6 shows the samples' temperature
changes versus time plotted over time by a
non-contact fiber optic probe connected to a
thermometer (LUXTRON, USA) with a dot
diagram. It is observed that with passing the
time, the temperature of all samples
increases. One of the unique features of the
synthesized CdSe nanoparticles is the
production of heat under alternating current
(AC) magnetic fields by amplifying MNPs
in synthetic material structures. The heat
generated can be overly tolerable for cancer
cells and cause them to die over time.

According to the diagrams, sample number
one has more favorable conditions compared
to sample 2. As the slope of the
hyperthermia term of sample 1 moves
slower than sample 2, which contains a
higher percentage of iron oxide. As
mentioned above, hyperthermia means that
the cancer tissue's temperature increases by
5°C to 6°C [38-44].

One can say that these spots are directly in
the cancerous tissue, and the radiation
released from them directly affects the
cancer cells. Those nanoparticles can be
used in radiation therapy that reach the
target tissue by crossing other tissues and
are supposed to lose some of their energy
after passing the time [27, 45-53].
Therefore, it is desirable to calculate the
maximum amount of iron because
increasing the iron content decreases the
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nanoparticles’ size and increases the
bandgap size. Consequently, it reduces the

wavelength of the light emitted and
increases its energy, as shown in Figure 7.
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Figure 6. The hyperthermia test of CdSe nanoparticles for 15 seconds and 15°C temperature.

Figure 7 demonstrates the MNPs heat;
heat release the samples were investigated in
an external magnetic field (EMF). The VSM
results are used to measure the magnetic
properties of superparamagnetic response in
various forms of single solid crystal and
liquid thin films. It is also important to note
that the energy emitted when the electron is
recharged less than the energy absorbed by
the electron, which is equivalent to the
energy difference between the capacitance
and conductivity bands. Since iron is a
transition metal, finding the maximum
amount of iron can also improve the
luminescence properties [52-60]. As the
synthesized basic nanoparticles with the
optimum percentage of iron and surfactant
achieved, then their toxicity is discussed to
eliminate the phagocytic system. The
obtained results show that high levels of
cadmium increase the risk of cervical
cancer, as the cadmium is a "very stable"
toxic metal and can be accumulated in the
body over time [34-40, 61-73]. Exposure to
cadmium has adverse effects on health,

including kidney damage, impaired calcium
balance, and increased risk of pancreatic and
breast cancer.

Also, the small nanoparticle diameter of
the QDs can be attributed to the ratio of
surface atoms to central atoms made inside
the nucleus. This dominates the properties of
the surface atoms over the properties of the
entire nanoparticle. Surface atoms have
different chemical properties from the atoms
that result from the termination of the
semiconductor network at the QD level
performed. Atoms of the QDs that have not
been deactivated with strong bands and
adsorbed or transduced with organic,
oxygen, and semiconductor molecules. This
has specific effects on the optical properties
of QDs by binding to these free cells [58-
67]. ZnS mineral shells can completely
inactivate surface atoms, and coating the
core of nanoparticles with a layer of ZnS can
create a larger bandgap. In addition to
improving their photolumin-escence
properties, it prevents direct cadmium
exposure. For non-detection and removal of
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nanoparticles by the phagocytic system, the
nanoparticles can also be coated with
Polyethylene glycol (PEG) polymeric. This
coating improves the nanoparticles' half-life

in the bloodstream and is not detected and
eliminated by the immune system [55-60.
67-73].
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Figure 7. A schematic nanoparticle loading, EM illumination and heat diffusion on cells.

4. CONCLUSIONS

The results obtained from synthesized
CdSe nanoparticles showed that the
nanoparticles have the optimum size,
morphology, magnetic phase and thermal
properties. The synthesized nanoparticles
can be used as basic nanoparticles for the
desired purposes by modifying them to the
desired nanoparticles. The small size of the
nanoparticles improves the optical and
thermal properties. As the amount of
surfactant increased in the procedure
method, it influences the nanoparticles' final
size. Changes in the surfactant amount can
be more desirable for cancer treatment with
suitable desired heat release. A specific
amount of heat release plays an important
role in hyperthermia treatment. The
photoluminescence properties of the CdSe
nanoparticle exhibits higher value as the

REFERENCE

heat increased. Optimal iron content can
also be determined by varying the sample
effect’s iron content on the magnetic field.
While the radiation's wavelengths used in
the radiation range from gamma to
ultraviolet, it is desirable to obtain
nanoparticles that emit the lowest
wavelength. However, the maximum energy
emitted by QDs is less than the minimum
energy released by the utilized energy
waves.

ACKNOWLEDGEMENT
We  especially thank Dr. Erfan
Sheikhbahaei for his kind support.

CONFLICT OF INTEREST
The authors declare that they have no
conflict of interest.

1. Talapin, D. V., Mekis, I., Gotzinger, S., Kornowski, A., Benson, O., Weller, H., “CdSe/CdS/ZnS and
CdSe/ZnSe/ZnS Core— Shell—- Shell Nanocrystals”, The Journal of Physical Chemistry B, 108(49) (2004)

18826-18831.

86 Jafaripour, et. al.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chin, P. T., de Mello Donega, C., van Bavel, S. S., Meskers, S. C., Sommerdijk, N. A, Janssen, R. A., “Highly
luminescent CdTe/CdSe colloidal heteronanocrystals with temperature-dependent emission color”, Journal of
the American Chemical Society, 129(48) (2007) 14880-14886.

Karbasian, M., Eftekhari, S. A., Karimzadeh Kolamroudi, M., Kamyab Moghadas, B., Nasri, P., Jasemi, A.,
Khandan, A., “Therapy with new generation of biodegradable and bioconjugate 3D printed artificial
gastrointestinal lumen”, Iranian Journal of Basic Medical Sciences, 24(3) (2021) 391-399.

Amiri, G. R, Fatahian, S., Mahmoudi, S., “Preparation and optical properties assessment of CdSe quantum
dots”, Materials Sciences and Applications, 4(02) (2013) 134.

Skaptsov, A. A., Goftman, V. V., Galushka, V. V., Markin, A. V., Kochubey, V. I., Goryacheva, I. Y.,
“Thermosensitivity of nanothermometer: CdSe/ZnS vs. CulnS2/ZnS,” In Saratov Fall Meeting 2015: Third
International Symposium on Optics and Biophotonics and Seventh Finnish-Russian Photonics and Laser
Symposium (PALS) (Vol. 9917, p. 991712), International Society for Optics and Photonics, (2016, April).
Nguyen, T. L., Michael, M., Mulvaney, P., “Synthesis of highly crystalline CdSe@ ZnO nanocrystals via
monolayer-by-monolayer epitaxial shell deposition,” Chemistry of Materials, 26(14) (2014) 4274-4279.

Singh, S., Barick, K. C., Bahadur, D., “Inactivation of bacterial pathogens under magnetic hyperthermia using
Fe304-Zn0O nanocomposite” Powder technology, 269 (2015) 513-519.

Kyutt, R. N., Toropov, A. A., Sorokin, S. V., Shubina, T. V., Ivanov, S. V., Karlsteen, M., Willander, M.,
“Broadening of submonolayer CdSe sheets in CdSe/ZnSe superlattices studied by x-ray diffraction”, Applied
physics letters, 75(3) (1999) 373-375.

Kandan, A., Ozada, N., “Bredigite-Magnetite (Ca7MgSi4016-Fe304) nanoparticles: A study on their magnetic
properties”, Journal of Alloys and Compounds, 726 (2017) 729-736.

Shayan, A., Abdellahi, M., Shahmohammadian, F., Jabbarzare, S., Khandan, A., Ghayour, H.,
“Mechanochemically aided sintering process for the synthesis of barium ferrite: Effect of aluminum substitution
on microstructure, magnetic properties and microwave absorption” Journal of Alloys and Compounds, 708
(2017) 538-546.

Ghayour, H., Abdellahi, M., Nejad, M. G., Khandan, A., Saber-Samandari, S., “Study of the effect of the Zn 2+
content on the anisotropy and specific absorption rate of the cobalt ferrite: the application of Co 1— x Zn x Fe 2
O 4 ferrite for magnetic hyperthermia” Journal of the Australian Ceramic Society, 54(2) (2018) 223-230.
Jabbarzare, S., Abdellahi, M., Ghayour, H., Arpanahi, A., Khandan, A., “A study on the synthesis and magnetic
properties of the cerium ferrite ceramic”, Journal of Alloys and Compounds, 694 (2017) 800-807.

Najafinezhad, A., Abdellahi, M., Saber-Samandari, S., Ghayour, H., Khandan, A., “Hydroxyapatite-M-type
strontium hexaferrite: a new composite for hyperthermia applications”, Journal of Alloys and Compounds,734
(2018) 290-300.

Abdellahi, M., Najfinezhad, A., Saber-Samanadari, S., Khandan, A., Ghayour, H., “Zn and Zr co-doped M-type
strontium hexaferrite: Synthesis, characterization and hyperthermia application,” Chinese journal of physics,
56(1) (2018) 331-339.

Ghayour, H., Abdellahi, M., Ozada, N., Jabbrzare, S., Khandan, A., “Hyperthermia application of zinc doped
nickel ferrite nanoparticles”, Journal of Physics and Chemistry of Solids, 111 (2017) 464-472.

Montazeran, A. H., Saber Samandari, S., Khandan, A., “Artificial intelligence investigation of three silicates
bioceramics-magnetite bio-nanocomposite: Hyperthermia and biomedical applications”, Nanomedicine Journal,
5(3) (2018) 163-171.

Razavi, M., Khandan, A., “Safety, regulatory issues, long-term biotoxicity, and the processing environment”,
In Nanobiomaterials Science, Development and Evaluation (pp. 261-279), Woodhead Publishing (2017).
Joneidi Yekta, H., Shahali, M., Khorshidi, S., Rezaei, S., Montazeran, A. H., Samandari, S. S., Khandan, A.,
“Mathematically and experimentally defined porous bone scaffold produced for bone substitute application”,
Nanomedicine Journal, 5(4) (2018) 227-234.

Sahmani, S., Khandan, A., Saber-Samandari, S., Aghdam, M. M., “Effect of magnetite nanoparticles on the
biological and mechanical properties of hydroxyapatite porous scaffolds coated with ibuprofen drug”, Materials
Science and Engineering: C, 110835 (2020).

Monshi, M., Esmaeili, S., Kolooshani, A., Moghadas, B. K., Saber-Samandari, S., Khandan, A., “A novel three-
dimensional printing of electroconductive scaffolds for bone cancer therapy application”, Nanomedicine
Journal, (2020).

Khandan, A., Ozada, N., Saber-Samandari, S., Nejad, M. G., “On the mechanical and biological properties of
bredigite-magnetite (Ca7MgSi4016-Fe304) nanocomposite scaffolds”, Ceramics International, 44 (2018).

International Journal of Nanoscience and Nanotechnology 87



22.

23.

24,

25.

26.

217.

28.

29.
30.
31.
32.
33.

34.

35.

36.

37.

38.

39.

40.
41.

42,

88

Maghsoudlou, M. A., Nassireslami, E., Saber-Samandar, S., Khandan, A., “Bone regeneration using bio-
nanocomposite tissue reinforced with bioactive nanoparticles for femoral defect applications in medicine”,
Avicenna J. Med. Biotechno, 2 (2020).

Naresh, U., Kumar, R. J., Naidu, K. C. B., “Optical, magnetic and ferroelectric properties of Ba0. 2Cu0. 8-
xLaxFe204 (x= 0.2-0.6) nanoparticles”, Ceramics International, 45(6) (2019) 7515-7523.

Khandan, A., Saber-Samandari, S., Telloo, M., Kazeroni, Z. S., Esmaeili, S., Sheikhbahaei, E., Kamyab, B., “A
mitral heart valve prototype using sustainable polyurethane polymer: fabricated by 3D bioprinter, tested by
molecular dynamics simulation”, AUT Journal of Mechanical Engineering, (2020).

Bagherifard, A., Joneidi Yekta, H., Akbari Aghdam, H., Moatififard, M., Sanatizadeh, E., Ghadiri Nejad, M.,
Khandan, A., “Improvement in osseointegration of tricalcium phosphate-zircon for orthopedic applications: an
in vitro and in vivo evaluation”, Medical & Biological Engineering & Computing, 58 (2020) 1681-1693.
Esmaeili, S., Aghdam, H. A., Moatififard, M., Saber-Samandari, S., Montazeran, A. H., Bigonah, M., Khandan,
A., “A porous polymeric-hydroxyapatite scaffold used for femur fractures treatment: fabrication, analysis, and
simulation”, European Journal of Orthopaedic Surgery & Traumatology, 30(1) (2020) 123-131.

Rad, A. S., Samipour, V., Movaghgharnezhad, S., Mirabi, A., Shahavi, M. H., Moghadas, B. K., “X12N12 (X=
Al, B) clusters for protection of vitamin C; molecular modeling investigation”, Surfaces and Interfaces, 15
(2019) 30-37.

Aghdam, H. A., Sanatizadeh, E., Motififard, M., Aghadavoudi, F., Saber-Samandari, S., Esmaeili, S., Khandan,
A., “Effect of calcium silicate nanoparticle on surface feature of calcium phosphates hybrid bio-nanocomposite
using for bone substitute application”, Powder Technology, 361 (2020) 917-929.

Moradi-Dastjerdi, R., Aghadavoudi, F., “Static analysis of functionally graded nanocomposite sandwich plates
reinforced by defected CNT”, Composite Structures, 200 (2018) 839-848.

Moradi-Dastjerdi, R., Behdinan, K., “Thermoelastic static and vibrational behaviors of nanocomposite thick
cylinders reinforced with grapheme”, Steel Compos. Struct., 31 (2019) 529-539.

Moradi-Dastjerdi, R., Payganeh, G., Tajdari, M., “Resonance in functionally graded nanocomposite cylinders
reinforced by wavy carbon nanotube”, Polymer Composites, 38 (2017) E542-E552.

Moradi-Dastjerdi, R., Behdinan, K., Safaei, B., Qin, Z., “Buckling behavior of porous CNT-reinforced plates
integrated between active piezoelectric layers”, Engineering Structures, 222 (2020) 111-141.

Mirzaalian, M., Aghadavoudi, F., Moradi-Dastjerdi, R., “Bending behavior of Sandwich plates with aggregated
CNT-reinforced face sheets”, Journal of Solid Mechanics, 11(1) (2019) 26-38.

Mousavi, H., Mohammadi, M., Aghdam, H. A., “Injury to the infrapatellar branch of the saphenous nerve
during ACL reconstruction with hamstring tendon autograft: a comparison between oblique and vertical
incisions”, Archives of Bone and Joint Surgery, 6(1) (2018) 52-58.

Raisi, A., Asefnejad, A., Shahali, M., Kazerouni, Z. A. S., Kolooshani, A., “Saber-Samandari, S., Khandan, A.,
“Preparation, Characterization, and Antibacterial Studies of N, O-carboxymethyl Chitosan as a Wound Dressing
for Bedsore Application”, Archives of Trauma Research, 9(4) (2020) 181-187.

Akbari Aghdam, H., Bagherifard, A., Motififar, M., Parvizi, J., Sheikhbahaei, E., Esmaeili, S., Khandan, A.,
“Developing A Novel Porous Bio-Photopolymer-SWCNT-Ceramic Fabricated by Digital Light Processing
Technology for Orthopedic Applications”, The Archives of Bone and Joint Surgery, (2020)
https://doi.org/10.22038/abjs.2020.43409.2189

Kamyab Moghadas, B., Azadi, M., “Fabrication of Nanocomposite foam by supercritical CO2 technique for
application in tissue engineering”, Journal of Tissues and Materials, 2(1) (2019) 23-32.

Shirani, K., Sheikhbahaei, E., Torkpour, Z., Nejad, M. G., Moghadas, B. K., Ghasemi, M., Khandan, A., “A
narrative review of COVID-19: the new pandemic disease”, Iranian Journal of Medical Sciences, 45(4) (2020)
233-237.

Raisi, A., Asefnejad, A., Shahali, M., Doozandeh, Z., Kamyab Moghadas, B., Saber-Samandari, S., Khandan,
A., “A soft tissue fabricated using freeze-drying technique with carboxymethyl chitosan and nanoparticles for
promoting effects on wound healing”, Journal of Nanoanalysis, (2020).

Moghadas, B. K., Safekordi, A. A., Honarvar, B., Kaljahi, J. F., Yazdi, S. A. V., “Experimental Study of
Dorema aucheri Extraction with Supercritical Carbon Dioxide”, Asian J. Chem., 24(8) (2012) 3691-3694.
Saber-Samandari, S., Gross, K. A., “Amorphous calcium phosphate offers improved crack resistance: A design
feature from nature?”, Acta biomaterialia, 7(12) (2011) 4235-4241.

Sahmani, S., Saber-Samandari, S., Khandan, A., Aghdam, M. M., “Influence of MgO nanoparticles on the
mechanical properties of coated hydroxyapatite nanocomposite scaffolds produced via space holder technique:
fabrication, characterization and simulation”, Journal of the mechanical behavior of biomedical materials, 95
(2019) 76-88.

Jafaripour, et. al.



43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Heydari-Meybodi, M., Saber-Samandari, S., Sadighi, M., “3D multiscale modeling to predict the elastic
modulus of polymer/nanoclay composites considering realistic interphase property”, Composite Interfaces,
23(7) (2016) 641-661.

Salmani, M. M., Hashemian, M., Yekta, H. J., Nejad, M. G., Saber-Samandari, S., Khandan, A., “Synergic
effects of magnetic nanoparticles on hyperthermia-based therapy and controlled drug delivery for bone
substitute application”, Journal of Superconductivity and Novel Magnetism, 33 (2020) 2809-2820.

Moghadas, B. K., Safekordi, A. A., Honarvar, B., Kaljahi, J. F., Yazdi, S. V., “Supercritical extraction of
flavonoid compounds from Dorema aucheri Boiss. experimental and modeling using CH2CI2 as co-solvent”,
Asian Journal of Chemistry, 24(8) (2012) 35-43.

Sun, C., Yarmohammadi, A., Isfahani, R. B., Nejad, M. G., Toghraie, D., Fard, E. K., Khandan, A., “Self-
healing polymers using electrosprayed microcapsules containing oil: Molecular dynamics simulation and
experimental studies”, Journal of Molecular Liquids, 325 (2021) 115-182.

Kamarian, S., Bodaghi, M., Isfahani, R. B., Song, J. I., “Thermal buckling analysis of sandwich plates with soft
core and CNT-Reinforced composite face sheets”, Journal of Sandwich Structures & Materials, (2020)
#1099636220935557.

Kamarian, S., Bodaghi, M., Isfahani, R. B., Song, J. I., “A comparison between the effects of shape memory
alloys and carbon nanotubes on the thermal buckling of laminated composite beams”, Mechanics Based Design
of Structures and Machines, 37 (2020) 1-24.

Moghadas, B. K., Akbarzadeh, A., Azadi, M., Aghili, A., Rad, A. S., Hallajian, S., “The morphological
properties and biocompatibility studies of synthesized nanocomposite foam from modified
polyethersulfone/graphene oxide using supercritical CO,”, Journal of Macromolecular Science, Part A, 57(6)
(2020) 451-460.

Moeini, M., Barbaz Isfahani, R., Saber-Samandari, S., Aghdam, M. M., “Molecular dynamics simulations of the
effect of temperature and strain rate on mechanical properties of graphene—epoxy nanocomposites”, Molecular
Simulation, 46(6) (2020) 476-486.

Avyatollahi, M. R., Moghimi Monfared, R., Barbaz Isfahani, R., “Experimental investigation on tribological
properties of carbon fabric composites: effects of carbon nanotubes and nano-silica”, Proceedings of the
Institution of Mechanical Engineers, Part L: Journal of Materials: Design and Applications, 233(5) (2019) 874-
884.

Maghsoudlou, M. A., Isfahani, R. B., Saber-Samandari, S., Sadighi, M., “Effect of interphase, curvature and
agglomeration of SWCNTs on mechanical properties of polymer-based nanocomposites: Experimental and
numerical investigations”, Composites Part B: Engineering, 175 (2019) 107119.

Fada, R., Shahgholi, M., Karimian, M., “Improving the mechanical properties of strontium nitrate doped
dicalcium phosphate cement nanoparticles for bone repair application”, Ceramics International, 47(10) (2021)
14151-14159.

Fada, R., Farhadi Babadi, N., Azimi, R., Karimian, M., Shahgholi, M., “Mechanical properties improvement
and bone regeneration of calcium phosphate bone cement, Polymethyl methacrylate and glass ionomer”,
Journal of Nanoanalysis, 25 (2020) 56-67.

Abbasi-Rad, S., Akbari, A., Malekzadeh, M., Shahgholi, M., Arabalibeik, H., Rad, H. S., “Quantifying cortical
bone free water using short echo time (STE-MRI) at 1.5 T, Magnetic resonance imaging, 71 (2020) 17-24.
Malekzadeh, M., Abbasi-Rad, S., Shahgholi, M., Naghdi, P., Hoseini, M. S., Yazdi, N. A, Rad, H. S., “Design
and validation of synchronous QCT calibration phantom: practical methodology”, Journal of medical imaging
and radiation sciences, 50(1) (2019) 157-162.

Shahgholi, M., Oliviero, S., Baino, F., Vitale-Brovarone, C., Gastaldi, D., Vena, P., “Mechanical
characterization of glass-ceramic scaffolds at multiple characteristic lengths through nanoindentation”, Journal
of the European Ceramic Society, 36(9) (2016) 2403-24009.

Mirsasaani, S. S., Bahrami, M., Hemati, M., “Effect of Argon laser Power Density and Filler content on
Physico-mechanical properties of Dental nanocomposites”, Bull. Env. Pharmacol. Life Sci, 5 (2016) 28-36.
Mirsasaani, S. S., Hemati, M., Dehkord, E. S., Yazdi, G. T., Poshtiri, D. A., “Nanotechnology and
nanobiomaterials in dentistry”, Nanobiomaterials in Clinical Dentistry, (2019) 19-37.

Mirsasaani, S. S., Ghomi, F., Hemati, M., Tavasoli, T., “Measurement of solubility and water sorption of dental
nanocomposites light cured by argon laser”, IEEE transactions on nanobioscience, 12(1) (2013) 41-46.
Maghsoudi, A., Yazdian, F., Shahmoradi, S., Ghaderi, L., Hemati, M., Amoabediny, G., “Curcumin-loaded
polysaccharide nanoparticles: Optimization and anticariogenic activity against Streptococcus mutans”,
Materials Science and Engineering: C, 75 (2017) 1259-1267.

International Journal of Nanoscience and Nanotechnology 89



62.

63.

64.

65.

66.

67.
68.
69.
70.

71.

72.

73.

90

Nassireslami, E., Motififard, M., Kamyab Moghadas, B., Hami, Z., Jasemi, A., Lachiyani, A., Khandan, A.,
“Potential of magnetite nanoparticles with biopolymers loaded with gentamicin drug for bone cancer
treatment”, Journal of Nanoanalysis, 23 (2020) 56-64.

Khandan, A., Nassireslami, E., Saber-Samandari, S., Arabi, N., “Fabrication and Characterization of Porous
Bioceramic-Magnetite Biocomposite for Maxillofacial Fractures Application”, Dental Hypotheses, 11(3) (2020)
74-79.

Nassireslami, E., Nikbin, P., Amini, E., Payandemehr, B., Shaerzadeh, F., Khodagholi, F., Sharifzadeh, M.,
“How sodium arsenite improve amyloid B-induced memory deficit?”, Physiology & behavior, 163 (2016) 97-
106.

Noshadi, B., Ercetin, T., Luise, C., Yuksel, M. Y., Sippl, W., Sahin, M. F., Gulcan, H. O., “Synthesis,
Characterization, Molecular Docking, and Biological Activities of Some Natural and Synthetic Urolithin
Analogs”, Chemistry & Biodiversity, 17(8) (2020) e2000197.

Yuzugulen, J., Noshadi, B., Shukur, K., Sahin, M. F., Gulcan, H. O., “The metabolites of ellagitannin
metabolism urolithins display various biological activities”, EMU Journal of Pharmaceutical Sciences, 2(2)
(2019) 102-110.

Morteza, P. H., Reza, F. M., Nasrin, S., Ehsan, N., Ali, R. S., Amini, M., “Deterioration of parabens in
preserved magnesium hydroxide oral suspensions”, J. Appl. Sci, 7 (2007) 3322-3325.

Mirsasaani, S. S., Bahrami, M., & Hemati, M., “Effect of Argon laser Power Density and Filler content on
Physico-mechanical properties of Dental nanocomposites”, Bull. Env. Pharmacol. Life Sci, 5 (2016) 28-36.
Mirsasaani, S. S., Hemati, M., Dehkord, E. S., Yazdi, G. T., Poshtiri, D. A., “Nanotechnology and
nanobiomaterials in dentistry”, Nanobiomaterials in Clinical Dentistry, (2019).19-37.

Mirsasaani, S. S., Ghomi, F., Hemati, M., Tavasoli, T., “Measurement of solubility and water sorption of dental
nanocomposites light cured by argon laser”, IEEE transactions on nanobioscience, 12(1) (2013) 41-46.
Maghsoudi, A., Yazdian, F., Shahmoradi, S., Ghaderi, L., Hemati, M., Amoabediny, G., “Curcumin-loaded
polysaccharide nanoparticles: Optimization and anticariogenic activity against Streptococcus mutans”,
Materials Science and Engineering: C, 75 (2017) 1259-1267.

Akherat Doost, H., Majles Ara, M. H., Koushki, E., “Theoretical Analysis of the Optical Properties of Gold
Nanoparticles Using DDA Approximation”, Int. J. Nanosci. Nanotechnol, 14(2) (2018) 153-158.

Jafarirad, S., Kordi, M., & Kosari-Nasab, M., “Investigation on Microstructure, Lattice and Structural

Chemistry of Biogenic Silver Nanoparticles”, Int. J. Nanosci. Nanotechnol, 14(3) (2018) 197-206.

Jafaripour, et. al.



