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2. Muc tiéu:

- Ché tao dugc phtrc hé thanh nano vang/mesoporous silica phan tan trong dung
dich bang phuong phap hoa hoc

- Nghién ctru hiéu Gng chuyén d6i quang nhiét cua phtrc hé thanh nano
vang/mesoporous silica nham dinh hudng (mg dung trong y — sinh.

3. Tinh md¢i va sang tao:

Khac véi cac phuong phap truyén théng diéu tri ung thu nhu hoéa tri hoic xa tri
Vv6i nhiéu tac dung phu khong mong mudn, phuwong phap diéu tri bang quang nhiét
(PTT) c6 thé tiéu diét cac t& bao ung thu bing cach lam ting nhiét do cuc bo tai khéi u
1én tdi trén 42°C (1a ngudng nhiét do du dé ticu diét moi té bao) dudi buc xa lazer. Pay
dugc xem 14 lidu phap diéu tri ung thu it xam 1an nhat va hiéu qua cao. Dé viéc diéu tri
c6 hiéu qua cao nhat dong thoi dam bao an toan cho cac té bao khoe manh, phuwong
phap diéu tri bang quang nhiét doi hoi phai sir dung cac tic nhan hap thu manh 4nh
sang trong ving hong ngoai gan vi chi nhimg anh sang ndy méi xuyén sau nhat vao
trong da va mo.

Thanh nano vang c6 hai dinh cdng huong plasmon trong dé dinh cong hudng
plasmon theo chiéu doc cta thanh ¢ thé diéu khién dugc trong viing hong ngoai gan
bang cach thay doi ti I& cac canh cua thanh va chiét suat méi trudng bao quanh chiing.
Véi dic tinh d6, cac thanh nano vang dugc xem 1a Gng cir vién xuat sac cho viée diéu
tri ung thu bang hiéu tng quang nhiét co hiéu suat chuyén doi cao. Tuy nhién, viéc sir
dung cac thanh nano vang c6 mot s6 nhuge diém, chi yéu 1a: (i) cac thanh nano vang
thudng dugc bao phi boi mot 16p kép gdm cac phan tir CTAB (vi day 1a tac nhan can
thiét cho sy dinh huéng cau trac cua thanh). Do 16p kép bé mit CTAB khong on dinh

nén co thé dé dang tao ra cac thanh nano duoc phu bdi CTAB. Piéu nay 1am cho thanh



nano vang mat di tinh chat quang hoc doc dao ctia chung va kho co thé dua lén dugc té
bao. Hon nita CTAB di duoc chimg minh 13 gay doc tinh dang ké cho cac té bao, do
d6, cac thanh nano vang phu CTAB khéng dugc sir dung truc tiép cho cac ung dung y
— sinh; (ii) Nang luong anh sang hong ngoai giam dan khi di siu vao trong mé do bi
tan xa va hap thy, vi vay mot s6 té bao ¢ khdi u s& nhan dugc anh sang lazer truc tiép
va khong thé bi tiéu diét; (iii) Cac thanh nano vang cdu trac nonporous thé hién kha
nang tai thap va han ché do dan héi nén hiéu qua phan phdi thudc khong cao. Viéc lua
chon mesoporous silica 1am 16p boc cho cac thanh nano vang 1a rit phu hop giup
chung vira ¢6 kha ning tai thudc va diéu tri té bao ung thu bang quang nhiét.

Su két hop giita phuong phap diéu tri bang quang nhiét va phwong phap hoa tri
nhiam ting hiéu qua diéu tri ung thu dang dic biét duoc cac nha khoa hoc trén thé gidi
quan tdm nghién ctru. Vi vay viéc tai thude trén phirc hé thanh nano vang/mesoporous
silica s€ hinh thanh nén phtc hé thanh nano vang/mesoporous silica (GNRs@mSiO,)
chira thudc vira c¢6 kha ning diéu tri bénh nhd hiéu ung chuyén doi quang nhiét cua
thanh nano vang, vira c6 kha ning diéu tri bénh bang phuong phap hoa nho sy ¢6 mait
clia cac phan tir thudc. Noi cach khac, phic hé thanh nano vang/mesoporous silica
(GNRs@mSiO,) chira thudc c6 tiém ning 16n ca trong diéu tri bénh. Dé tai “nghién ctu
ché tao va khao sat hiéu tng chuyén doi quang — nhiét cua phtic hé thanh nano
vang/mesoporous silica dinh huéng @ng dung trong y sinh” s& ¢6 cac két qua nghién cau
co ban vé ché tao va ang dung cua cac phirc hé thanh nano vang/mesoporous silica trong
chan doan va diéu tri bénh. Cac két qua nghién ciru nay s& dong gop vao su phat trién
cia “hudng nghién ctru wu tién nganh vat 1y dén nim 2020, tim nhin 2030” cta bd
Khoa hoc va Cong nghé.nghién ctu ché tao phirc hé thanh nano vang/mesoporous silica
va khao sat hiéu tng chuyén doi quang - nhiét caa chung 1a mét viéc 1am c6 ¥ nghia
thuc tién va khoa hoc nham huéng téi cac tng dung trong y sinh.

4. Két qua nghién ctru:

Nghién ctru tong quan vé cac cau tric nano vang/silica va cac phwong phap
ché tao cac phirc hé thanh nano vang/mesoporous silica.

- Nghién ctru tong quan vé cac ciu triac nano vang/silica va yéu cau cta cac phirc
hé nay cho cac ing dung y - sinh,

- Nghién ctru cac phuong phap ché tao cac phtrc hé thanh nano vang/mesoporous
silica dé tim ra phuong phap ché tao thich hop phu hop véi diéu kién thuc nghiém &
Viét Nam

Che tao cic phirc hé thanh nano vang/mesoporous silica



Pi ché tao duoc cac thanh nano vang theo phuong phap nudi mam voi ti 18 cac
canh khac nhau.

Pa chirc ning hoa duoc bé mit ctia cc thanh nano vang bang cac phan tir sinh
hoc va tuong thich sinh hoc.

Tao mdt 16p vo silica boc léy thanh nano vang dé hinh thanh ciu trac thanh nano
vang/mesoporous silica.

Nghién ctru hinh thai va tinh chit quang céia cic phirc hé thanh nano
vang/mesoporous silica theo cac diéu kién ché tao

- Nghién ctru hinh théi, tinh chit quang cta thanh nano vang theo cac diéu kién
ché tao.

- Nghién ctru hinh thai (hinh dang, kich thudc, 46 don phan tan) ctia cac phuc hé
thanh nano vang/mesoporous silica theo cac diéu kién ché tao.

- Nghién cuu cdc dac dac tinh quang cia cidc phuc hé thanh nano
vang/mesoporous silica theo cac diéu kién ché tao thong qua phd héap thu UV-Vis.

Pua cac phan tir thudc 1én cdu tric thanh nano vang/mesoporous tao phirc
hé c6 chirc ning chan doan bang hinh dnh va cé chirc ning diéu tri bing quang
nhi¢t.

Nghién ctru quy trinh dé dua cac phan tir thudc 1én cic ciu tric thanh nano
vang/mesoporous tao phirc hé thanh nano vang/mesoporous chira thudc.

Nghién ciru tinh chit quang ciia phirc hé thanh nano vang/mesoporous silica
chira thudc

Nghién ctru va khao sat cac tinh chit quang cua phic hé thanh nano
vang/mesoporous silica chira thudc thong qua cac phép do phd huynh quang va hap thy.

Nghién ciru ¥ng dung hiéu &ng chuyén d6i quang — nhiét ciia phirc hé thanh
nano vang/mesoporous silica chira thudc dwéi sw kich thich ciia laser hong ngoai
gin cho cac ing dung diéu tri trong y —sinh

- Khao sat hiéu ung chuyén d6i quang nhiét ctia phtc hé thanh nano
vang/mesoporous silica chira thudc duéi su kich thich ciia laser hong ngoai gan theo
mat do cong suét chiéu cua nguff)n

- Khdo sat hiéu ung chuyén d6i quang nhiét cta phirc hé thanh nano
vang/mesoporous silica chira thudc dudi sy kich thich cua laser hdng ngoai gan theo
né)ng do hat.

Viét bai bao quoc té dang cac ket qua méi cua de tai



Viét bao cao tong két dé tai

5. Séan pham:

5.1. San pham khoa hoc

1. Do Thi Huel*, Tran Thi Thu Huong', Pham Thi Thu Ha? Tran Thu Trang?,
Nghiem Thi Ha Lien®, Vu Xuan Hoa?, (2021), “The Dependence Of Medium
Refractive Index On Optical Properties Of Gold Nanorods And Their Sers
Application”, AIP Advances 11, 055319.

2. P& Thi Hué, (2021) “Téng Hop Va Amin Héa B& Mit Hat Nano Silica Bang
Phuong Phap Stober”, Tap chi phdn tich Hoa, Ly va Sinh hoc , Tap 26, Sb 1/2021, 68-73

3. Do Thi Hue'*, Tran Thi Thu Huong', Nguyen Thi Phuong Thao', Tran Khac
Khoi', Tran Thi Thuc', Tran Thu Trang? Vu Xuan Hoa?, (2021), “Synthesis Of Silver
Meso Structures With Tunable Morphology For Surface-Enhanced Raman Scattering”,
Advances in Optics, Photonics, Spectroscopy & Applications XI, pp. 448-453.

4. Do Thi Hue*; Nguyen Thi Phuong Thao, Tran Khac Khoi; Chu Viet Ha,
(2021), “Multi-Shaped Silver Meso-Particles With Tunable Morphology For
Surface-Enhanced Raman Scattering”, Optics Communications (chap nhan diang thang
6/2021).

5. D6 Thi Hué, Chu Viét Ha, Tong quan vé thanh nano vang: Tong hop, dic tinh
quang va ung dung, Tap chi Khoa hoc va Cong nghé, PHTN , 208(15): 137 — 145, 2019.

6. P6 Thi Hué, Nghién ctru hiéu tng chuyén d6i quang —nhiét ciia cac hat nano
vang trén mo thit, Tap chi Khoa hoc va Cong nghé, PHTN, 208(15): 147 — 152, 20109.

7. Do Thi Hue®, Nghiem Thi Ha Lien®, and Chu Viet Ha® Seeded growth
synthesis of uniform gold nanoparticles with controlled diameters up to 220 nm,
Journal of Electronic Materials (JEMS) (chap nhan dang 6/2021).

5.2. San pham dao tao

1. DS Chi Nghia, M6 hinh Iy thuyét va mo phong tinh chét plasmonic cia mot s6
cAu tric nano ung dung trong quang nhiét va cam bién sinh hoc, Luan an tién si nim
2020.

2. Luc Thi Tuyén, Anh huong cta hi€u tng plasmon bé mit cua cac hat nano
vang kich thudc 20 nm 1én sy phat xa cua dung dich chit mau Rhodamine, Luan vin

Thac si, nam 2020.

5.3. San pham vmg dung



- 01 Hé mau chira cic thanh nano vang;

- 01 Hé mau chira cac phirc hé thanh nano vang/mesoporous silica;

- 01 Quy trinh ché tao phirc hé thanh nano vang/mesoporous silica két hop véi
phan tir thudc;

- 01 Bao c4o vé hiéu ung chuyén d6i quang- nhiét cua phtic hé thanh nano
vang/mesoporous silica chtra thudc dudi su kich thich ciia laser hong ngoai gan nham
dinh huéng ung dung trong y - sinh.

6. Phuong thirc chuyén giao, dia chi wng dung, tic dong va loi ich mang lai
ciia két qua nghién ciru.

Két qua cua dé tai duoc sur dung trong dao tao ctr nhan va sau dai hoc tai khoa
Vit Ly truong Pai hoc Su pham - Pai hoc Thai Nguyén va dinh hudng cho cac nghién

ctru ing dung trong y sinh nhu diéu tri bénh bang hiéu tng chuyén d6i quang nhiét.

Ngay 15 thang 6 nam 2021

T6 chirc chii tri Chii nhiém aé tai

DS Thi Hué



INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Research on fabrication and investigation of photo-thermal
conversion effect of gold nanorod/mesoporous silica complexes oriented for
biomedical applications

Code number: B2018-TNA-03-CtrVL

Coordinator: Dr. Do Thi Hue

Implementing institution: College of Education - Thai Nguyen University
Duration: from 10/2018 to 6/2021

2. Objective(s):

- Fabrication and study of optical properties of gold nanorods

- Fabrication of gold/mesoporous silica nanorod complexes dispersed in solution
by chemical method

- Studying the photothermal conversion effect of gold nanorod/mesoporous silica
complex to orient its application in biomedicine.

3. Creativeness and innovativeness:

Unlike traditional cancer treatments such as chemotherapy or radiation with
many unwanted side effects, photothermal therapy (PTT) can kill cancer cells by
increasing heat. The local temperature at the tumor reaches over 420C (which is the
temperature threshold enough to kill all cells) under laser radiation. This is considered
the least invasive and highly effective cancer therapy. For the most effective treatment
while ensuring the safety of healthy cells, photothermolysis requires the use of agents
that strongly absorb light in the near infrared because only the This light penetrates
most deeply into the skin and tissues.

The gold nanorod has two plasmon resonance peaks where the longitudinal
plasmon resonance peak of the rod can be controlled in the near infrared region by
varying the ratio of the rod edges and the refractive index of the medium surrounding
them. With that property, gold nanorods are considered excellent candidates for cancer
treatment by photothermal effect with high conversion efficiency. However, the use of
gold nanorods has several disadvantages, mainly: (i) gold nanorods are usually
covered by a double layer of CTAB molecules (as this is the necessary agent for
structural orientation of the bar).

Because the CTAB surface bilayer is not stable, it is easy to create CTAB-coated



nanorods. This causes the gold nanorods to lose their unique optical properties and
make it difficult to get onto the cell. Furthermore, CTAB has been shown to cause
significant cytotoxicity, so CTAB-coated gold nanorods should not be used directly for
biomedical applications; (ii) Infrared light energy gradually decreases as it penetrates
deep into the tissue due to scattering and absorption, so some cells in the tumor will
receive laser light directly and cannot be killed; (iii) Nonporous structure gold
nanorods exhibit low loading capacity and limited elasticity, so drug delivery
efficiency is not high. The choice of mesoporous silica as a coating for gold nanorods
Is very suitable for both drug delivery and photothermal treatment of cancer cells.

The combination of photothermal treatment and chemotherapy to increase the
effectiveness of cancer treatment is particularly interested in research by scientists
around the world. Therefore, drug loading on the gold/mesoporous silica nanorod
complex will form a gold/mesoporous silica (GNRs@mSiO2) nanorod complex that
contains the drug and has the ability to treat diseases thanks to the photothermal
conversion effect of the nanorods. gold, has the ability to treat diseases by chemical
methods thanks to the presence of drug molecules. In other words, the gold
nanorod/mesoporous silica (GNRs@mSiO2) complex contains drugs that have great
potential both in disease treatment. The topic "Research on fabrication and
investigation of photo-thermal conversion effects of gold nanorod/mesoporous silica
complexes oriented for biomedical applications™ will have basic research results on the
fabrication and application of gold nanorod/mesoporous silica. Gold
nanorod/mesoporous silica complexes in disease diagnosis and treatment. These
research results will contribute to the development of the “preferred research direction
of physics until 2020, with a vision to 2030" of the Ministry of Science and
Technology. Research and fabrication of gold/mesoporous nanorod complexes silica
and investigating their photo-thermal conversion effect is a work of practical and
scientific significance towards biomedical applications.

4. Research results

* Overview of gold/silica nanostructures and fabrication methods of
gold/mesoporous silica nanorod complexes.

- An overview study of gold/silica nanostructures and requirements of these
complexes for biomedical applications.

- Researching methods to fabricate gold/mesoporous silica nanorod complexes to
find out suitable fabrication methods suitable for experimental conditions in Vietnam.

* Fabrication of gold nanorod/mesoporous silica. complexes

- Gold nanorods have been fabricated by nucleation method with different aspect



ratios.

- The surface of the gold nanorods has been functionalized with biomolecules and
biocompatibility.

- Create a silica shell around the gold nanorod to form a gold
nanorod/mesoporous silica structure.

» Study of morphology and optical properties of gold nanorod/mesoporous
silica complexes under fabrication conditions

- Study on morphology and optical properties of gold nanorods under fabrication
conditions;

- Study on morphology (shape, size, monodispersity) of gold
nanorod/mesoporous silica complexes under fabrication conditions;

- Studying the optical properties of gold nanorod/mesoporous silica complexes
under fabrication conditions through UV-Vis absorption spectroscopy.

* Putting drug molecules on gold/mesoporous nanorods to create complexes
with imaging diagnostic functions and photothermal therapeutic functions.

Studying the process to introduce drug molecules onto gold/mesoporous nanorod
structures to create drug-containing gold/mesoporous nanorod complexes.

 Study of optical properties of drug-containing gold nanorod/mesoporous
silica complexes

Study and investigate the optical properties of the drug-containing gold
nanorod/mesoporous silica complex through fluorescence and absorption spectroscopy
measurements.

* Research on application of photo-thermal conversion effect of drug-
containing gold nanorod/mesoporous silica complex under near-infrared laser
excitation for therapeutic applications in biomedicine

- Investigate the photothermal conversion effect of the drug-containing
gold/mesoporous silica nanorod complex under the excitation of a near-infrared laser
according to the illuminance power density of the source.

- Investigate the photothermal conversion effect of the drug-containing
gold/mesoporous silica nanorod complex under the excitation of near-infrared laser
according to the particle concentration.

* Write international articles to publish new results of the project
* Write a report summarizing the topic
5. Products:

5.1. Scientific products:



1. Do Thi Hue'™ Tran Thi Thu Huong', Pham Thi Thu Ha? Tran Thu Trang?
Nghiem Thi Ha Lien®, Vu Xuan Hoa? (2021), “The Dependence Of Medium
Refractive Index On Optical Properties Of Gold Nanorods And Their Sers
Application”, AIP Advances 11, 055319.

2. Do Thi Hue, (2021) “Synthesis and Surface Amination of Silica Nanoparticles
by Stéber Method”, Journal of analytical sciences, Vol 26, No 1/2021, 68-73.

3. Do Thi Hue'™ Tran Thi Thu Huong®, Nguyen Thi Phuong Thaol, Tran Khac
Khoil, Tran Thi Thucl, Tran Thu Trang2, Vu Xuan Hoa2, (2021), “Synthesis Of
Silver Meso Structures With Tunable Morphology For Surface-Enhanced Raman

Scattering”, Advances in Optics, Photonics, Spectroscopy & Applications XI, pp. 448-
453.

4. Do Thi Hue*; Nguyen Thi Phuong Thao, Tran Khac Khoi; Chu Viet Ha,
(2021), “Multi-Shaped Silver Meso-Particles With Tunable Morphology For Surface-
Enhanced Raman Scattering”, Optics Communications (accepted in 6/2021).

5. Do Thi Hue, Chu Viet Ha, Overview of gold nanorods: Synthesis, optical
properties and applications, Journal of Science and Technology, TUTN 208(15): 137 —
145, 2019.

6. Do Thi Hue, Research on photo-thermal conversion effect of gold
nanoparticles on meat tissue, Journal of Science and Technology, TUTN 208(15): 147
—152, 2019.

7. Do Thi Hue®, Nghiem Thi Ha Lien®, and Chu Viet Ha® Seeded growth
synthesis of uniform gold nanoparticles with controlled diameters up to 220 nm,
Journal of Electronic Materials (JEMS) (aceepted 6/2021).

5.2. Training productc

1. Do Chi Nghia, Theoretical model and simulation of plasmonic properties of
some nanostructures applied in photothermal and biosensors, PhD thesis 2020.

2. Luc Thi Tuyen, Effect of surface plasmon effect of 20 nm gold nanoparticles
on the emission of Rhodamine pigment solution, Master thesis, 2020.

5.3. Applied products

- Solution containing gold nanorods

- Solution containing gold nanorod/mesoporous silica complexes

- Solution containing drug-bound gold nanorod/mesoporous silica complexes

- Report on the photo-thermal conversion effect of the drug-containing gold
nanorod/mesoporous silica complex under near-infrared laser excitation to orient its
application in biomedicine.



6. Transfer alternatives, application institutions, impacts and benefits of
research results.

The results of the research used in training bachelors at the Department of
Physics, College of Education, Thai Nguyen university and can study advantage in
bioapplications.

Ngay 15 thang 6 nam 2021

T6 chirc chii tri Chii nhi¢m d@ tai

DS Thi Hué



