THONG TIN VE LUAN AN TIEN Si

1. Ho va tén nghién ctru sinh: Nguyén Minh Hiéu

2. G161 tinh: Nam

3. Ngay sinh: 10/10/1985 4. Noi sinh: Bic Giang

5. Quyét dinh cong nhan nghién ctru sinh: 4860/QD-DHKHTN ngay 24/11/2014 cua Hiéu
trudng Truong Pai hoc Khoa hoc Ty nhién.

6. Cac thay doi trong qué trinh dao tao:

- Quyét dinh gia han thoi gian bao vé luan 4n s6 596/QD-DHKHTN ngay 06/03/2018 va s6
4728/Qb-BHKHTN ngay 28/12/2018 cua Hi¢u truong Truong Pai hoc Khoa hoc Ty nhién.

- Quyét dinh budc thoi hoc va tra nghién ctu sinh vé dia phuong/co quan cong tic sb
3994/Qb-BDHKHTN ngay 25 thang 12 nam 2020.

7. Tén dé tai luan an: Nghién cru ché tao tao day nano SnO, dinh huéng tng dung trong cam
bién ADN.
8. Chuyén nganh: Vat li chit rin 9. M s6: 9440130.02
10. Can bo huéng dan khoa hoc:  Hudng dan chinh: PGS. TS. Nguyén Hoang Hai
Hudng dan phu:  PGS.TS. Mai Anh Tuén
11. Tom tit cac két qua méi cua luan an:

e Day nano SnO, moc chon loc trén bé mit cta dién cuc cua cam bién sur dung phuong phap
léng dong hda hoc pha hoi voi sy hd tro ctia mit na bao vé dién cuc. Ba dién cuc duoc dit
trong gia mang dién cuc va c6 bd mat na bao v€. Ca gia mang dién cyc va mat na bao vé co
kich thudc (48.6x10 x5mm®) dugc lam bang vat liéu chiu nhiét 1a thép 304. Qua trinh lip
dat vi dién cuc théng hang v&i mat na bao vé duoc kiém tra bé“mg kinh hién vi quang hoc.
Piéu kién moc diy nano SnO, véi luu luong khi 6 xi 14 0,5 sccm, ap suat budn phan tng
5.10 Torr va nhiét d6 750°C, thoi gian ling dong hoi hoa hoc thay d6i tir 10 phit dén 60
phit, khoang cach tir ngudn thiéc dén cam bién thay doi tir 15 mm dén 90 mm.

e Qua4 trinh van chuyén khéi ciia Sn theo thoi gian va khoang cach phu thude vao ap suit va
Iwu lwong khi théi trong qua trinh ling dong hoi hoa hoc duge md phong boi phin mém
COMSOL Multiphysics. M6 phong trén co s& Cau triic 2 chiéu véi diéu kién va cham
gitra cac nguyén tur khi va dién cuc la va cham mém va va cham véi cac bé mat khac 1a

va cham dan hdi. Quing dudng ty do trung binh ctia phan tir khi duoc lay tir dit liéu thu



vién COMSOL Multiphysics. Phuong trinh ctia qua trinh van chuyén chat 1a dong chay
tang (voi hé s6 Reynold <4000).

e Két qua nhiu xa tia X, kinh hién vi dién tir truyén qua phan giai cao, kinh hién vi dién
tir quét chi ra cdu trac cua tinh thé 13 6 mang tinh thé bdn phuong véi hing sb mang 1a
a=0.474 nm va ¢=0.318 nm. Day nano c6 dudng kinh 25 nm va chiéu dai 3,5 pm.

e Co ché moc day nano theo VLS théng thuong diéu kién can 1a chat ban dan phai hoa
tan trong kim loai 1am xuc tac. Qua trinh qua bdo hoa 1a nguyén nhén tao thanh chit ban
dan tir hdn hop pha long, diéu nay thuong duoc tao thanh & giot 1ong. Trong qua trinh
moc day nano tir trén xudng, mot giot kim loai xuat hién & dau day, tuy nhién qua trinh
phan nhanh cta day nano 1 khong thé xay ra. Nghién ctru sinh dé xuat mé hinh diéu
chinh dé giai thich qua trinh moc dy nano SnO,. M hinh dua trén co ché VLS véi viéc
st dung mang Au dong vai tro 13 xtic tac. Co hai dic diém dic biét quan trong trong dé
Xuat ndy d6 1a SnO, khong hoa tan trong Au va Au-Sn va diy nano SnO, bi phan
nhénh.

e Mot phuong phap cb dinh ADN don gian bang cach chirc ning héa bé mit day nano
Sn0, sir dung 3-amino-propyl-tri-ethoxy-silane & pha khi, tao lién két cia nhém amino
v6i nhom phét phat caa AND cua vi rat Epstein-Barr virus.

e Phuong phép do thé vi sai dugc sir dung dé phat hién qua trinh lai hoa ADN. Thoi gian
hoi dap ctia cam bién 1a 2,5 gidy va gidi han phat hién 1a 3.2 pM.

12. Kha ning tmg dung thuc tién:

Cam bién ADN trén co s day nano SnO, phat hién cac chudi ADN cia vi rat voi ndong do
thap.

13. Cac hudng nghién ctru tiép theo:

Nghién ctru sinh tiép tuc nghién ciru dé tdi wu cho cam bién dé phat hién chudi ADN véi nong
d6 thap va tu dong trén thiét bi phan tich tich hop (lab-on-chip) voi hé vi luu va vi bom.

Mé rong dbi twong nghién cliru hudng téi phat hién cac kim loai ning doc hai trong nudc.

14. Cac cong trinh cong bd lién quan dén luan an:

1. Minh Hieu Nguyen, Hoang Hai Nguyen, Anh Tuan Mai. (2020), On-chip selective growth
of SnO, nanowires for DNA sensor development, Sensors and Actuators A, 312, 112171.

2. Hieu Nguyen Minh, Nguyen Hoang Hai, and Mai Anh Tuan. (2021), Understanding the
Growth Mechanisms of Tin Oxide Nanowires by Chemical Vapor Deposition, Journal of
Nanoscience and Nanotechnology 21.4, pp. 2538-2544.



3. Minh Hieu Nguyen, Hoang Hai Nguyen, Anh Tuan Mai. (2019), Day nano SnO, moc tryuc
tiép trén cam bién sinh hoc véi hat vang & dau diy nano lam xuc tac, Ky yéu Hoi nghi vt Iy
chat ran va khoa hoc vat liéu toan quéc — spms, trang 696-701.

4. Nguyén Minh Hiéu, Pham Puc Thanh, Mai Anh Tuan, Nguyén Hoang Hai. (2017), Co ché
moc va dic tinh cua ddy nano oxit thiéc ché tao bang phwong phép ling dong hoa hoc pha hoi,
Ky yéu Hoi nghi vat 1y chat rin va khoa hoc vt liéu toan quéc — spms, trang 565-568.
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INFORMATION ON DOCTORAL THESIS

1. Full name: Nguyen Minh Hieu 2. Sex: Male
3. Date of birth: 10/10/1985 4. Place of birth: Bac Giang

5. Admission decision number: 4860/QD-DHKHTN dated on 24/11/2014, by Rector of VNU

University of Science;
6. Changes in academic process:

- Extended time by decision No 596/QD-DHKHTN dated on 06/3/2018 and 4728/Qb
DPHKHTN dated on 28/12/2018, by Rector of VNU University of Science;

- Decision No. 3994/QD-DHKHTN dated on 25/12/2020 by Rector of VNU University of

Science that sending PhD. student back to local/office.

7. Official thesis title: Preparation and characterization of SnO, nanowires forward DNA

biosensor applications.
8. Major: Solid state of Physics 9. Code: 9440130.02
10. Supervisors:

Assoc. Prof. Dr. Nguyen Hoang Hai

Assoc. Prof. Dr. Mai Anh Tuan

11. Summary of the new findings of the thesis

e Tin oxides (SnO,) nanowires were selectively grown on the working electrode of a
sensor by using modified chemical vapor deposition technique with supporting shadow
mask. Triple-electrode sensors, covered by a shadow mask, were placed on a carrier.
Both carrier and (48.6 x 10 x 5 mm®) shadow mask is made of forged steel (Type 304
stainless steel). The alignment of the shadow mask and the sensors was controlled by a
microscope. Setting-up parameters were: 0.5 sccm oxygen flow, 5.10 72 Torr and 750°C.
The process time was set from t = 10 to 60 min; the distance x from tin source to

substrate was 15 to 90 mm.



e Time and distance evolution of Sn mass transport in correlation with carrier gas
pressure and flow rates in the chemical vapor deposition system was described by
COMSOL Multiphysics. The simulation based on 2 D calculation supposed that the
collision between vaporized atoms with the working electrodes were perfectly plastic
whereas the collisions with other surfaces was perfectly elastic. The mean free path of
gas atoms was obtained from COMSOL’s library. The mass transport equation was

applied for a laminar flow (Reynolds number <4000).

e X-ray diffraction, high resolution transmission electron microscopy, scanning
transmission electron microscopy measurements showed that nanowire structure was
tetragonal with lattice constants a = 0474 nm and ¢ = 0.318 nm. The

nanowires were around 25 nm in diameter and 3.5 um in length.

e The conventional VLS mechanism for nanowires requires that the semiconductor must
be soluble with the metallic catalyst. The supersaturation causes the precipitation of the
semiconductor from the compound liquid, which is usually in the form of droplets. In
the tip-growth process, one metallic droplet is responsible for one nanowire, so that,
branching is impossible. Phd student proposes a modified model to explain the growth
process of SnO, nanowires. The model is based on the VLS mechanism in which Au
film plays as the catalyst. There are 2 important features that we must consider (a) tin
oxide is insoluble in Au and Au-Sn compound, (b) tin oxide nanowires are branched
off.

e A simple immobilization of a DNA sensor was conducted by a surface modification of
tin oxide nanowire using 3-amino-propyl-tri-ethoxy-silane hydroxylation in vapor
phase; creating the amino functional groups to which the phosphate groups of probe ss-
DNA (Epstein-Barr virus) bound.

o Differential voltage measurements were conducted to detect DNA hybridization. The

response time was 2.5 second and the limit of detection was 3.2 pM.
12. Practical applicability, if any:

DNA sensor based on SnO, nanowires were conducted to detect virus-specific DNA

sequences at low concentrations by Differential voltage method.

13. Further research directions, if any



Phd. Students continue my research to improve DNA sensor to detect virus-specific DNA
sequences at lower concentrations, automation by lab-on-chip (LOC) systems with
microfluidic systems and micropumps. Expanding research objects toward detection of toxic

heavy metal ions in water environment.
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