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11. Tém tit cac két qua mai cua luan an:
v" Muc dich cua luan an la:
- Ché tao hé vat liéu nano vang trén dé phang.
~  Ché tao mot sé vat liéu nano béan dan (ZnO, CuO) va kim loai vang.
Nghién ctiru méi lién hé gitra diéu kién ché tao va tinh chat vat Iy caa vat liéu da ché
tao.

Str dung dé Raman ting cudng bé mit trén co so vat liéu da ché tao dé phat hién mot
s6 chat & nong do thap nham dinh hudng Gng dung trong y sinh va méi trudng.

v’ Dé dat duoc muc tiéu nghién ctru nhu da dé ra, luan an tap trung vao cac ddi tuong
nghién ctru nhu sau:

Hé vat liéu nano vang trén dé kinh va nano vang phan bé trén mang ban dan zZnO.

Hé vt liéu thanh nanocomposite ZnO/Au.



Hé vat liéu day nano 18i/vo CuO/Au.
v’ Céc phuong phap nghién ctru da st dung:

- Mang Au va mang 2 16p ZnO/Au dugc ché tao bang phuong phap phin xa, st dung
qua trinh 1 nhiét dé tao ra cac cau triic nano Au. Khao séat anh huang cua hinh dang, Kich
thuéc va khoang cach giita cac cau tric nano Au lén kha ning tang cuong tin higu Raman
dugc thuc hién bang cac phuong phap hién vi dién tir va phép do Raman.

- Ché tao thanh nanocomposite ZnO/Au biang phuong phap thity nhiét két hop hiéu tng
pin galvanic va phin xa dé ting cuong dinh huéng, mat do thanh nano. Nghién ctu anh
huong cua thoi gian phin xa dé tao ra && SERS trén co so vt liéu thanh nano ZnO/Au Vi
d6 nhay cao va c6 kha nang tai sir dung.

- Ché tao day nano I8i/vé CuO/Au bang phuong phap oxi hoa nhiét va phin xa véi mat
do cao, kich thuéc dong déu. Nghién ciu anh huong caa do day 16p vo I1én kha ning ting
cudng Raman nham tao ra cac dé SERS véi chat luong tét, ¢ nhay cao va dinh huéng wng
dung trong linh vyc y sinh, moéi truong.

v’ Céc dong gop mai, két qua chinh cua luan an:

- Pa ché tao thanh cong cac cau tric nano Au trén dé kinh va cau trac nano Au trén
mang ZnO bang phuong phap phun xa két hop U nhiét. Anh hudng cta thoi gian phun xa
1én san pham nano sau khi nung da dugc nghién ciru chi tiét. Cac cau triic nano vang thu
duoc véi thoi gian phun xa 14 40 s mang lai kha ning ting cuong cao nhat va cho phép
phat hién MB ¢ ndng d6 thap 1010 M.

- P ché tao thanh cong cac thanh nanocompostie ZnO/Au biang phuong phap thity
nhiét hd tro boi hidu tng galvanic va phuong phap phiin xa. Vat liéu thu duoc c6 kha ning
tang cudng Raman hiéu qua, tinh dong nhét cao, c6 tac dung tu lam sach, mo ra kha ning
nghién ctru dinh lwong céc chat & ndng do thap dua trén phép do Raman.

- Pi ché tao thanh cong céac day nano 16i/vo CuO/Au c6 do déng déu cao, dinh hudng
tdt, 1a cac dé SERS c¢6 do nhay cao. O do day tdi uu ctia vé Au 1a 160 nm, céc day nano
CuO/Au cho phép phat hién MB & ndng do rat thap 1023 M, ¢ thé nhan biét amoxicillin,
glucose & ndng do thap, mo ra dinh hudng tmg dung trong linh vyuc y sinh va méi truong.

v Két luan:

Luan 4n tip trung nghién ctru ché tao cling nhu lam sang to mdi lién hé giita hinh
thai, cu triic va mot sé tinh chit cta vét liéu nanocomposite oxit ban dan (ZnO, CuO)/Au.
Trén co s& cac vat liéu da ché tao, toi da phat trién thanh cong mot s6 loai dé Raman tang
cudng bé mit trén co sé vat liéu nanocomposite (ZnO, CuO)/ Au véi do dong déu va do

nhay cao c6 kha ning phat hién cac cht hiru co ¢ ndng d6 thip (<nM). Cac két qua thu



dugc 14 hét sirc tiém ning dé tiép tuc phat trién nghién ciru ing dung phan tich trong linh

vuc y sinh, moi truong trén co s¢ hién tuong tdn xa Raman tang cuong bé mat.

12. Cac hudng nghién ctru tiép theo:
Trong thoi gian t6i, t6i s& hoan thién nghién ciru nham:

- Do khang sinh trong sira trén mau that.

- Po glucose & ndong do thap (10— 10 M), dinh huéng ¢ng dung phat hién bénh tiéu
duong théng qua xét nghiém nudc bot.

- Do phenol & néng do thap trong nuée sinh hoat.
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conducting Ag doped ZnO thin films prepared by r.f. magnetron sputtering method, Micro
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11. Summary of the new findings of the thesis

v Thesis purpose:

v

Fabrication of gold nanomaterials on flat substrates.

Fabrication of nanocomposite materials (ZnO, CuO)/Au.

Study the relationship between fabrication conditions and physical properties of the
prepared materials.

Using surface-enhanced Raman substrates based on the as-synthesized materials to
detect some organic substances at low concentrations aiming to biomedical and
environmental applications.
Thesis objectives:
To achieve these targets, the thesis focuses on the following sets of samples:
Gold nanostructures on sodalime glass and ZnO thin film substrates.
ZnO/Au nanorods.
CuO/Au core/shell nanowires.

Research methods

- Au and Au/ZnO thin films were prepared by sputtering techniques. Post annealing
process was then applied to convert the prepared thin films to gold nanostructures. The
effect of morphology, size and inter-distances of the nanostructures on the surface



enhanced Raman scattering was investigated by using electron microscopy and Raman
microscopy.

- ZnO/Au nanorods of high density and good alignment were fabricated by combining
galvanic effect assisted hydrothermal and sputtering techniques. The effect of sputtering
time on the sensitivity and reusability of SERS substrates based on ZnO/Au nanorods was
studied.

- CuO/Au core/shell nanowires of high density and uniform size were synthesized by
thermal oxidation and sputtering. The effect of shell thickness on the Raman enhancement
was studied to achieve SERS substrate of high quality, sensitity toward application in
biomedical and environmental fields.

v" Novelty and the main results:

- Gold nanostructures were fabricated by sputtering method using sodalime glass and ZnO
thin films as substrates. Effect of sputtering time on the as prepared nanoproducts was
studied thoroughly. Gold nanostructures prepared with sputtering time of 40s offer highest
enhancement and help to detect MB at low concentratrion of 101° M.

- ZnO/Au nanorods was prepared by galvanic effect assisted hydrothermal and sputtering
process. The obtained nanoproducts are SERS substrates of good quality, repeatability and
reusability. These SERS substrates based on ZnO/Au nanorods open the possibility of
quantitative ananlysis substatances at low concentration based on Raman measurement.

- CuO/Au core/shell nanowires of high uniformity, and preferred orientation was
succesfully fabricated and can be used as highly sensitive SERS substrates. At optimum
thickness of 160 nm, CuO/Au nanowires can detect MB at ultra low concentration of 10
13 M, amoxicilin and glucose at low concentration. SERS substates based on CuO/Au are
potential for application in biomedical and environmental fields.

v' Conclusions:

This thesis focus on studing the preparation as well as enlightening the relation between
morphology, structure and some physics properties of nanocomposites of semiconductor
oxides and gold (ZnO, CuO)/Au. Using the prepared materials, some SERS substrates of high
uniformity and sensitivity to detect substances at low concentration (sub nanomolar). The
obtained resutls are potential for further study and application in biomedical and environmental
sciences based on SERS effect.

12. Futher research directions

In the future, | continue my research in the following topics:



- Detecting anti-biotics in real milk samples.
- Detecting glucose at low concentratrion (10— 10 M), aiming to dianogtics diabetes
via saliva testing.
- Detecting phenol at low concentration in civilian water source.
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applications, Applied Surface Science, 2020, Volume 505, 144593(1)-144593(7), SCI,
Q1; IF =6,707.
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