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ABSTRACT

The article presents the synthesis process of nanomaterial ThP0,.H,0, which can be used in
cancer cell identification. The raw materials include Th(NOs);.6H,0 and NH.H,PO; with a
concentration of 0.00625mol; the pH is adjusted to 6 and 8 with Tmol NaOH solution. The
hydrothermal reaction is carried out at 200°C for one day; then, the suspension is washed and
centrifuged twice with water, and the product TbP04.H,0 is obtained after drying at 80°C for 4
hours. SEM imaging results show that the product is nano-sized and rod-shaped with a diameter
of about 20nm. At pH = 6, the length is about 200nm, while at pH = 8, the size is about 187.5nm.
By measuring the luminescence spectrum of the product, it was determined that the samples
obtained at different pHs all had the most vigorous light emission at a wavelength of 550nm,
equivalent to the blue light region. The intensity of the pH = 6 sample was weaker than that of the
pH =8 sample.
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TOM TAT

Bai bdo trinh bay vé qua trinh tong hap vat liéu nano ThP0,.H,0 c6 kha ndng (ing dung trong
nhan dang té bao ung thu. Nguyén liéu bao gom Th(NOs);.6H,0 va NH4H,PQ, ndng dd 0,00625mol,
pH dugc diéu chinh vé 6 va 8 bang dung dich NaOH 1mol. Phén ting thuy nhiét dugc thuc hién 6
200°C trong 1 ngay, sau dd, dung dang huyén phu dugc rira sach va ly tdm 2 1an bang nudc, san
phdm ThP0,.H,0 thu dugc sau qué trinh sdy 6 80°C trong 4 gidr. K&t qua chup dnh SEM cho thdy san
pham ¢6 kich thudc nano, dang hinh que véi dudng kinh khodng 20nm. G pH = 6 6 chiéu dai
khoang 200nm; trong khi 6 pH = 8, kich thudc la khoang 187,5nm. Bang céch do quang phé phat
quang cia san phdm da xac dinh dugc rang, cc mau thu nhan dugc 6 pH khac nhau déu co kha
nang phat xa anh sang manh nhét 6 budc séng 550 nm tueng duang viing anh sang xanh. Cutng
@0 clia mau pH = 6 yéu hon so véi mau pH =38.

Tirkhéa: Tong hap thuy nhiét, vt liéu nano, dnh sdng xanh.
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1. INTRODUCTION

Cancer is a disease defined by
abnormal cell proliferation. Cancer cells
occupy the space and nutrition that
healthy organs require, causing them to
malfunction. Cancer cells proliferate
uncontrollably, generating tumours,
and can travel to other body regions,
resulting in secondary tumours. It is a
significant cause of death worldwide.

Currently, tumour detection
techniques such as nuclear magnetic
resonance imaging, computed
tomography, and microfluidic

technology exist, but they have
disadvantages such as radiation
exposurehigh costs, and complex
operation. Thus, a novel testing
platform s required to advance the field
of tumour testing. The development of
rare earthc- containing luminous
nanorods for biomedical applications
has recently become a focus for
materials science researchers [1-12].
According to prior research, nanorods
may have a shorter, more coherent
period in interband transitions than
nanospheres. As a result, nanorods
have a comparatively lengthy decay
period, allowing for more consistent
luminescence intensity. Furthermore,
the nanorods have low radiation
damping due to their small volumes
[13, 14]. Furthermore, nanorods are of
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great interest to the scientific community since their form
is linked to inherent multifunction in many contact areas
[15]. These properties make them ideal potential items for
use in high-function gadgets. Wet chemical methods
might be used to produce several rare earth- containing
luminous nanorods, which would greatly increase
luminescent intensity [17-19]. In biomedical applications,
high luminous yield with nanosize and biomedical
compatibility are still required as essential properties for
biolabeling materials. To produce TbPO4 nanorods with a
greater luminous intensity for usage in biomedical
applications, a stable and high-quality synthesis
technique must be developed. Fluorescent nanoparticles
are biocompatible, brilliant, and display good subcellular
selectivity [6, 9, 14].
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photostability targeting
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Fig. 1. The characteristics of the optimal fluorescent nanomaterial

Fig. 1 shows how a strongly fluorescent nanoparticle
can be absorbed into cells and tissues, such as tumours,
causing them to become fluorescent and Vvisible.
Currently, there are tumor detection techniques such as
nuclear magnetic resonance imaging (MRI), computed
tomography, and microfluidic technology but these
technologies have limitations like radiation exposure,
high costs, and complex operation. Thus, there's a need
for a new testing platform to promote the development
of the field of tumor testing.

Numerous nanomaterials, such as hydrophilic
polymers, quantum dots, and silica nanoparticles, have
several problems, including cellular toxicity, limited
quantum yield, and vulnerability to the immune system
and intracellular enzymes. On the other hand, terbium
phosphate TbPO,H.O has numerous advantages,
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including high stability, intense luminescence, ease of
synthesis, and compatibility with the environment and
the human body (Fig. 2). As a result, this substance
TbPO.4.H,0 was chosen as the project's object.
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Fig. 2. Different types of fluorescent nanoparticles

The research arms of the article was to use
fluorescence imaging technology to outperform
traditional tumour detection methods in terms of
affordability, speed, sensitivity and specificity.

2. METHOD AND EXPERIMENT
2.1. Materials

- Terbium (lll) nitrate pentahydrate (Tb(NOs);.6H,0)
(Aldrich, 99.9%).

- Ammonium dihydrogen phosphate (NH4H,PO,)
(Merck, 99%).

- Sodium hydroxide (NaOH) (Merck, 99%).
2.2. Synthesis of ToPO4.H20 nanorods

Wet chemical methods which include hydrothermal,
sol-gel, and coprecipitation synthesis were developed to
obtain ultrafine, very homogeneous, and high purity
powders. Among these various wet chemical synthesis
methods, hydrothermal method was a simple method
with cost effectiveness, easy control over material size,
and compositions. The nanorods were synthesized as the
following procedure: 15ml (0.00625M) terbium (lll) nitrate
pentahydrate and (0.00625M) ammonium dihydrogen
phosphate were mixed in stirred vigorously solution.
Afterward, sodium hydroxide was added slowly to the
solution and stirred using a magnetic pellet for 6 hours
with adjusted pH in the range of 5 + 7. Meanwhile, the

Tap60-S011(11/2024)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

reactant Tb**- - molar ratio was changed from 1/15 to 1/1
by increasing the amount of terbium nitrate. Next, the
mixture solution was put in a Teflon-lined stainless-steel
autoclave and heated up at 200°C for 24 hours. The
TbPO4.H,0 was separated by centrifuge at 5800rpm. The
achieved product had been washed several times by
deionized water and dried at 80°C for 4 hours.

2.3. Determination of nanostructure size of product
TbPO,.H.O
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Fig. 3. X-ray diffraction of TbP0,.H,0 nanorods

Among a variety of techniques, we chose the
hydrothermal method. First, we prepare 15 ml of
Tb(NO3);.6H,0 (terbium nitrate hexahydrate) and
NH;H,POs  (Ammonium  dihydrogen  phosphate)
solutions, both at 0.00625 molar. After slowly dripping
them onto each other, we use a magnetic stirrer to stir for
90 minutes while adjusting the pH to 6 and 8 with one
molar NaOH (Sodium hydroxide) solution, which results
in a mixture solution. Next, it is autoclaved
hydrothermally at 200°C for one day. Then, the solution,
which is now in suspension, is washed and centrifuged
two times with water to filter the material out. Finally, we
dry the samples with the heating oven at 80 degrees
Celsius for 4 hours and retrieve the TbPO4.H,O (terbium
phosphate monohydrate) nanomaterial in white powder-
some actual photos of the experimental process. After
synthesizing the material, we carried out some
measurements to check the product as follows: To begin,
we use X-ray diffraction analysis (XRD), a technique used
in  materials science to determine a material's
crystallographic structure. Observing the image, we
notice 11 peaks with different heights or sizes.
Comparing the XRD patterns with the standard
crystallographic database, which is the JCPDS card 20-
1244, we found that there is a similarity in positions and
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angles. This indicates the hexagonal structure, and there
are almost no secondary peaks of other substances.
Therefore, we concluded that terbium phosphate
monohydrate crystals have a hexagonal structure. Next,
we use the SEM images to determine the shape and size
of the materials. The results show that our product is rod-
shaped with a diameter of about 20nm. At pH =6, it has a
length of around 200nm; meanwhile, at pH = 8, it is more
fragmented and shorter, roughly 188 nm. As a result, we
concluded that terbium phosphate monohydrate is a
nanorod (Fig. 3).

2.4. Determination of light emission ability of
TbPO,.H,0 product

The requirement of materials used for applications in
biomedical fluorescent labelling is that the material must
emit strong fluorescence after surface activation.
Therefore, to confirm the luminescence properties of the
nanomaterial TbPO4.H,O, we measured the fluorescence
spectra of TbPOs. In this work, TbPO4H.0
nanorods/nanowires have been prepared by microwave
(MW) heating and characterized by scanning electron
microscopy (SEM) and x-ray diffraction (XRD). The
microwave-assisted synthesis technique is employed
because it can provide low-dimensional nanomaterials. It
is simple, fast, clean, efficient, economical, non-toxic and
eco-friendly. The microwave refluxing apparatus was
used with maximum power as high as 30000W. The
photoluminescence (PL) spectra under 370nm excitation
wavelength of TbPO..H,O nanorods/nanowires were
measured in the 450 - 700nm wavelength range.

3. RESULTS AND DISCUSSION
3.1. Synthesis of TbP0O..H,O nanomaterials

The mixture solution
iy of TbP0O4.H:0
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Fig. 4. Synthesis of ThP0,.H,0 nanorod
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According to the reference documents, the steps to
perform the hydrothermal synthesis reaction, cleaning
and drying of TbPO..H,0 nanomaterials is shown in Fig. 4.

The obtained product TbPO4.H,O is white and
powdery.

3.2. Determine the nanostructure size of product
TbPO,.H.O

The SEM photos were collected to determine the form
and size of the product. The results were demonstrated
that, the obtained product was a rod-like shape with a
diameter of roughly 20nm. At pH = 6, it was around 200nm
long; however, at pH = 8, it was more fragmented and
shorter, measuring size was approximately 187.5nm. The
results showed that the terbium phosphate monohydrate
had nano structure and size (Fig. 5 and Fig. 6).

~

IMS-NKL 5.0kV 4 Smm x150k SEM)

Fig. 5. SEM images of TbP0,.H,0 nanorods at pH = 6 (A)

IMS-NKL 5.0kV 4 6mm x150k SE(M)

Fig. 6. SEM images of TbP0,.H,0 nanorods at pH = 8 (B)
3.3. Determination of light emission ability of product
TbPO,4.H.O

The measurement result of the light emission ability of
product TbPO4.H,0 is shown in Fig. 7.

The photoluminescence spectroscopy of obtained
experimental product was mesured to examine its
fluorescent property. For each sample, there were 4 peaks
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in which the highest was at around 550 nanometres. The
intensity of the pH = 6 sample was overall weaker than
that of pH = 8. Compared to the visible light spectrum,
the terbium phosphate monohydrate mainly was emited

spectroscopy

the green light.
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Fig. 7. Photoluminescence spectroscopy of TbP04.H,0 nanorods
4. CONCLUSION

The synthesizing TbPO.H.O nanorods was
conducted, using the hydrothermal method at the Center
for Nano Science and Technology at Hanoi University of
Education, Vietnam National University. The products
was with properties suitable for optical bioimaging, At
the nano level, TbPO4.H,O had a rod diameter of 20nm
and a length of 187.5nm (pH = 8) or 200nm (pH = 6). The
TbPO4.H,O was emited green light at a wavelength of
550nm, which was more potent at pH = 8 than at pH =6.

Wave length (nm)
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