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11. TOm tat cac ket qua mai cta ludn an:

- Ché tao thanh cong céc tinh thé nano Zn,Sn0, (ZTO) va ZTO:Eu®* bing phwong phap
thay nhiét. Khao sat mot cach hé théng anh huong cua cac didu kién cong nghé 1én su
hinh thanh va phat trién tinh thé ZTO. Pac biét, trén co sd quan sat hinh thai hoc, phan
tich gian d6 nhidu xa tia X va phd tan sic nang luong tai cac vi tri chon loc, tac gia luan
an da phan tich co ché hinh thanh cac pha tinh thé trong qué trinh ché tao hat nano ZTO
mét cach chat chg, chi tiét; tim ra quy trinh ti wu dé ché tao vat liéu ZTO 14 ty 1& mol
Zn/Sn=2/1,25; pH = 12,2, nhiét @6 phan tng 1a 200 °C va thoi gian ché tao la 4-6 gio.
Két qua khao sat tinh chat phat quang cho thay: cac mau ZTO thé hién hai dai phat quang
rong, dinh ndm tai cac budc séng 596 va 662 nm, lién quan dén céac sai hong mang; cac
mau ZTO:Eu®" phat quang manh tai c4c vi tri 579, 593, 615, 651 va 695 nm, lién quan
dén tam phat quang Eu®". Sy canh tranh gitra tam phét quang Eu®* va céc sai hong mang

trong mau ZTO:Eu®" da duoc khao sat.

Nghién cru anh huéng cua plasmon bé mit trén hat nano Au lén phd phat quang cua cac
tinh thé nano ZTO:Eu**@Au. Két qua cho thay: khi mau dwoc kich thich ¢ buéc séng
361 nm, cuong d6 dai phat quang do sai hong mang giam dan, nguoc lai, cudng d6 céc
dinh phat quang cua ion Eu®* ting dan cing vdi su ting cua ham lwong Au trong mau.
Khi mau duoc kich thich & budc song 394 nm, dai phat quang do sai hong mang khong

Xuét hién, cudong do cac dinh phat quang cua ion Eu** giam dan khi ting ham luong Au.



Nguyén nhan cua hién tuong nay la do sy tuwong tac giita plasmon bé mat trén hat nano
Au va cac tam phat quang trong ZTO:Eu**. D3 dé xuét so dd chuyén doi murc niang luong

giai thich théa dang hién tugng néu trén.

- Nghién ctru ché tao thanh cdng cac qua cau nano SiO, véi o ddng déu cao bang phuong
phap Stober, da khao sat anh huong cua cac diéu kién cdng nghé 1én kich thudc céc qua
cau. T cac qua cau SiO, da ché tao thanh cdng cau tric tuan hoan opal SiO, bang
phuong phap tu sip xép. Hinh thai bé mat va tinh chat quang hoc dic trung caa opal SiO,
da duoc nghién ciu chi tiét. Két qua cho thay vi tri dinh phd phan xa cua cac opal SiO;,
thay doi theo kich thuéc cac qua cau SiO,. Dai phéat quang rong cua opal SiO, la chong

chap cua ba dai phd ¢ dinh tai cac budc séng 390, 440 va 480 nm.

- Nghién ctu chi tiét anh huong cua plasmon trén hat nano Ag lén pho phét quang caa opal
Si0,. Két qua cho thay, khi ting ham luong hat nano Ag trong cau tric opal SiO, thi céc
dai pho phéat quang ¢ phia budc séng ngan bi dap tat nhanh hon cac dai ¢ phia song dai.
Nguyén nhan la do dai phat quang s6ng ngan tring phu véi dinh dai hap thu cong huong

plasmon bé mit cua hat nano Ag.

- Ung dung thanh coéng cau trdc opal Ag/SiO, dé phét hién thuéc bao vé thuc vat
carbendazim (CBZ) bang ky thuat SERS. Két qua cho thay, phé SERS cua CBZ cho céc
dinh tdn xa Raman manh & céc s6 song 628, 726, 1006, 1227, 1274, 1462 va 1519 cm™,
Gidi han phét hién CBZ tinh khiét trong aceton cua opal Ag/SiO, 1a 0,1 ppm. Két qua
nay cd thé tng dung dé phan tich du luong CBZ trong thyc pham va rau qua theo céc tiéu

chuan cua Bo y té Viét Nam.

12. Kha ning tmg dung thuc tién:
- San phim ZTO@Au va ZTO:Eu* @Au c6 thé ung dung dé ché tao cac pin mat troi
DSSC, 1am céc chat xuc tac quang, v.v...
- San pham dé opal Ag/SiO, va cac nghién ctiu vé xac dinh CBZ c6 thé phat trién dé Gmg
dung phan tich du lwong CBZ trong thuc pham va rau qua theo cac tiéu chuan caa Bo y
té Viét Nam.
13. Cac huéng nghién ciru tiép theo: Nghién ciru anh hudng ciia plasmon trén hat nano kim
loai 1én tinh chit quang ctia cic diy nano Si x6p va tng dung trong phén tich du lwong thude
bao vé thuc vat
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11. Summary of the new findings of the thesis

- Zn,Sn0O, nanocrystals (ZTO) and ZTO:Eu** have been successfully synthesized by a
hydrothermal approach. The influence of technological conditions on the formation and
development of ZTO nanocrystals was systematically investigated. In particular, on the
base of the observation of morphology, the analysis of the XRD patterns and the selected
area energy-dispersive X-ray spectroscopy, the thesis author analyzed the formation
mechanism of the crystalline phases in the process of manufacture of ZTO nanocrystals
in a strict and detailed. Optimum technological conditions for synthesis of the ZTO
nanocrystals were as follows: the molar ratio of Zn/Sn was 2/1.25, pH concentration was
12.2, and the reaction temperature and duration were 200 °C and 4-6 h, respectively. The
results of studying the photoluminescence showed that the ZTO samples exhibited two
broad emission bands centered at 596 and 662 nm, related to lattice defects. The samples
of ZTO:Eu®" exhibited five emission peaks located at 579, 593, 615, 651 and 695 nm,
related to optical centers Eu®". The competition between luminescent centers Eu®* and

lattice defects in the samples of ZTO:Eu®" was investigated.

- The effect of surface plasmon in Au nanoparticles on photoluminscent spectra of
ZTO:Eu*@Au nanocrystals was studied. The results showed that under 361 nm

excitation, the intensity of the lattice defect emission was decreased, on the contrary, the



intensity of the emission peaks of Eu®* ion was increased with increasing of Au content
in samples. Under excitation wavelength of 394 nm, the emission bands of the lattice
defects did not appear; while the intensity of the emission peaks of Eu®" ion was
decreased with increasing of Au content. The reason of this phenomenon is the
interaction between the plasmon of Au nanoparticles and the luminescent centers in the
samples of ZTO:Eu**. A diagram of energy transitions was proposed to adequately

explain above mentioned phenomenon.

- The SiO, nanospheres with fairly uniformity have been successfully synthesized by
Stober method. The effects of technological conditions on the formation and
development of SiO, nanospheres was systematically studied. From SiO, spheres, the
SiO, opal periodic structure has been successfully fabricated by self-arranged method.
The morphology and characteristic optical properties of SiO, opal were studied in detail.
The results showed that the peak position of the reflection spectra of the SiO, opal
changed with the size of the SiO, spheres. The broad photoluminescence band of the
SiO, opal was a superposition of three spectral bands with the peaks at wavelengths 390,
440 and 480 nm.

- The effect of plasmon on Ag nanoparticles on the luminescence spectra of SiO, opal was
studied in detail. The results showed that when the Ag nanoparticle content increased, the
luminescent bands at the short wavelength side were extinguished faster than the bands
on the long wave side. The reason is that the luminescence band at short wave side
coincides with the top of the surface plasmon resonance absorption band of Ag

nanoparticles.

- The Ag/SiO, opal substrates were used to detect CBZ by the SERS technique. The SERS
spectra of CBZ showed strong scattering peaks at 628, 726, 1006, 1227, 1274, 1462, and
1519 cm™. The detection limit for CBZ was found to be 0.1 ppm using these substrates.
This result opens up the prospect of using SERS spectroscopy to quickly determine CBZ
residue on food and vegetables according to the standards of the Ministry of Health of

Vietnam.
12. Pratical applicability, if any:

- ZTO@Au and ZTO: Eu**@Au can be used to make dye-sensitized solar cell,

photocatalytic materials etc.

- The Ag/SiO, substrates can be used to quickly determine CBZ residue on food and

vegetables according to the standards of the Ministry of Health of Vietnam.



13. Further research directions, if any

- Study the effect of surface plasmon in Au, Ag nanoparticles on optical properties of Si

nanowires and applications.
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