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Truwong Pai hoc Mé - Pja chat, Ha Néi, Viét Nam

Han 1am Khoa hoc & C6ng nghé Viét Nam, Ha Ngi, Viét Nam
TOM TAT

Bai bao nham muc dich khao sat tinh chat cua vat liéu nano
phat quang chuyén d6i ngugc chira Tm(lI1) va Yb(llI) trén nen
NaYF,. Vat ligu duoc téng hop. bang phwong phap thuy nhiét.
Hinh théi hoc, ciu tric, tinh chat phat quang cua vat liéu dugc
nghién cuau bang kinh hién vi dién tu quet Xa phat tmcrng
(FESEM), nhidu xa tia X, phd hong ngoai bién doi Fourier va
pho huynh quang. Cac két qua chi ra rang, vat liéu nano tong
hop duoc cé dang hat v6i duong kinh tir 100-200 nm, ¢6 cau
tric pha hexagonal B-NaYF,, phat birc xa xanh lam véi budc
song kich thich tai 980 nm. Cac dac tinh phat quang nay cho
thay chdng c6 nhiéu htra hen wng dung trong y sinh.

Tir khoa: Phat quang; chuyén d6i nguoc;
Tm(I)/Yb(IT); NaYFa.

thay nhiét;

1. Gigi thiéu

Hién nay, céc vat liéu nano chira dat hiém duoc nghién cau
ngay cang nhiéu do nhiing tinh chat quang dac bi¢t cua
chling [1-7]. Cac vt liéu nay c6 mot so uu diém nhu thoi
gian Song huynh quang dai, do chuyén dich Stock Ion, do
rong phd hep, vi tri vach phé 6n dinh, d& ché tao, d& chuc
ning hoa bé mat, than thién voi moéi truong va co thé con
ngudi nén chung dugc tng dung 1am cam bién, ché tao cac
cdng cu danh dau, chan doan hinh anh...[8-10].

Trong sb cac vat liéu chira dat hiém, loai vat liéu c6 hiéu
g chuyén d6i ngugc dang duoc nhiéu nha nghién cau
trén thé gioi quan tam dic biét. Loai vat liéu nay khi duoc
kich thich béi ngudn sang c¢6 niang lugng photon thap (vi
du ngudn laser hdng ngoai 980 nm) s& phat ra cac photon
c6 ndng luong cao hon ndng lugng cua photon kich thich
(vi du cac buc xa 0 viing nhin thay tir 400-700 nm). Ngoal
ra, viéc dung ngUOn kich thich hong ngoai c6 wu diém
khéng gay bién doi té bao, than thién véi co thé ngudi, co
thé xuyén dugc vai milimet vao mo ngudi nén s€ tac dung
sau hon vao ving ton thuong. Hon nita, chdng gidp giam
t6i da kha ning ty phat quang cua ddi twong va nang cao
d6 tuong phan cua hinh anh. Chinh vi vay, cac vat liéu
nano phat quang chuyén dbi ngugc ngdy cang duoc Sir
dung nhiéu trong y hoc [11-15]. M6t trong nhiing huéng
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g dung chinh caa ching dang hudng t6i 1a danh dau, nhan dang té bao ung thu. Do do,
loai vat liéu nano phét quang chuyén dbi nguoc chira cac ion dat hiém Er(l11), Tm(lll),
Yb(III)... dang dugc uwu tién lya chon nghién cau.

O Viét Nam, nghién ctiu hé vat liéu phat quang chuyén d6i nguoc chira dat hiém
trén nén NaYF, ciing di c6 mot s nha khoa hoc tap trung nghién ciu va di dat duoc
duoc nhitng két qua kha quan [16-18]. Tuy nhién, huéng nghién cau chu yéu dé cap dén
cap vat lieu chia Er(11)/Yb(I11) phat mau do cha chua dé cap nhidu dén cap vat liéu
chaa Tm(11)/Yb(II1) phat mau xanh lam. Thong thuong, anh sang mau xanh nhay véi
mét va d& quan sat hon S0 Vé6i anh sang mau d6. Pay 1a mot wu diém gilp phan biét mot
cach truc quan trong qué trinh danh dau té bao. Do dé trong nghién ctiu ndy, cap vat liéu
chira Tm(I1)/Yb(I1I) phat mau xanh da duoc chon lam dbi twong nghién cau. Viéc
nghién ciu tong hop vat liéu nano phat quang chuyén d6i nguoc nén NaYFs pha tap
Tm(111) va Yb(lI1), khao sét cac tinh chat dic trung cua ching, trén co s& d6 dinh hudng
rng dung trong y sinh Ia can thiét.

Trong bai béo nay, trinh bay mot sé két qua vé tong hop vat liéu nano phat quang
chuyén dbi nguoc chira Tm(111) va Yb(I11) trén nén NaYF4 bang phuong phép thay nhiét.
Hinh thai hoc va cau tric caa vat liéu duoc khao sat bang phuwong phap chup anh
FESEM, gian d6 nhidu xa tia X va pho hong ngoai bién do6i Fourier. Tinh chat phét
quang cuaa vat liéu duoc khao séat thdng qua viéc do phd huynh quang. Tur cac két qua thu
dugc cho thdy, vat liéu nano tong hop duoc phat quang manh trong viing mau xanh lam
khi dwogc kich thich, phu hop dé tng dung trong mét sb linh vuc y sinh nhu 1am tac nhan
danh dau, nhan dang mot s6 loai té bao.

2. Thuc nghiém
2.1. Hoa chat

Mau vat lieu NaYF4 pha tap Thulium va Ytterbium duoc téng hop dua trén
phuong phéap thay nhiét va sir dung cac hoa chat sau: Y(NOs)3.6H20 99,9% (Sigma);
Yb(NO3)3.5H20 99,9% (Sigma); Tm(NOz)3.5H20 99,9% (Sigma); NaF 99,5% (Merck);
NaOH 99% (Merck); C2HsOH 99,9% (Sigma); C2Ha(OH)2 99,9% (Merck); nudc khir
ion. Theo kinh nghiém cua nhém nghién cuu, ti 1 thich hop vé % mol gitta ion tdm phat
quang/ion kich hoat 1a 0,5/20 [16]. Do d¢, vai hé vat liéu NaYFa: Tm(IH)/Yb(1I) ti 1€
% mol caa Tm(H1)/YDb(I11) duoc lya chon 14 0,5/20.

2.2. Phwong phdp tong hep mau

- Trudc tién, cho vao binh phan ung céc hoa chiat NaOH, CoHsOH, CaH(OH)2 va
nude. Sau d6 khudy trong 15 phut thu duoc dung dich A.

- Pha dung dich gdbm cac tién chat dat hiém: Y(NO3)3.6H20; Yb(NO3)3.5H:0;
Tm(NO3)3.5H20 véi nuée. Tiép tuc khudy 15 phit thu duoc dung dich B.

- Nh¢ tir tir dung dich B vao dung dich A va khudy thém 30 phdt, rdi tiép tuc cho
tur tir dung dich NaF vao thu duoc dung dich C.

- Cho dung dich C vao autoclave ¢ 180°C trong 24 gio.

- MAau dugc 1am ngudi vé nhiét d6 phong, li tam, loc rira bang nuéc khi ion. San
pham NaYF4: Tm(l11)/Yb(111) thu dugc sdy ¢ 80°C trong 24 gio.
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2.3. Phwong phap nghién curu

Hinh thai hoc cua vat liéu duoc quan sét trén kinh hién vi dién tir phat truong
(FESEM, Hitachi). C4u tric cua vat liéu duoc khao sat trén hé do nhidu xa tia X
(Siemens D5000 véi A= 1.5406 A, 10° < @ < 80°). Ph6 hong ngoai dugc thuc hién trén
hé do phd hong ngoai FTIR - IMPACT 410-Nicolet. Tinh chat phat quang cua vat ligu
duogc do trén hé do phd ké phan giai cao, Model: Microspec-2356 (My), véi budc song
laser kich thich tai 980 nm.

3. Két qua va thao luan
3.1. Hinh thai hoc cra vit liéu

Hinh 1 trinh bay anh FESEM cua mau NaYF:Tm(11)/Yb(I11) vei ti 1& % mol cua
Tm(1)/Yb(11) 1a 0,5/20 u ¢ 180°C trong 24 gio tai cac thang do khac nhau. Qua anh
FESEM cho thay, vat lieu NaYFa: Tm(111)/Yb(111) téng hop duoc c6 dang hat véi dudng
kinh khoang 100-200 nm. C4c hat dong déu va khong bi két dinh.

$4800-NIHE 10.0kV 8.2mm x200k SE(M,LAQ)

Hinh 1: 4nh FESEM cua NaYF4: Tm(l11)/Yb(111)

duoc u o 180°C trong 24 gio tai thang do 200 nm (a) va 1um (b)

3.2. Cdu truc caa vt ligu

Gidn do nhiéu xa tia X

Hinh 2 trinh bay gian d6 nhidu xa tia X ctia mau NaYFs:Tm(lI1)/Yb(I11). Phan
tich gian d6 nhidu xa tia X cho thay, vi tri cua cac vach nhiéu xa chinh cua NaYF4 c6 cau
trac pha hexagonal B -NaYFs (phU hop véi cac két qua trén thé chuan JCPDS sb 16-
0334). Do d6, vat liegu NaYF4Tm(I11)/Yb(I11) ¢6 ciu tric pha hexagonal p -NaYFa.

Theo nghién ctru ctia mot sé nhom tac gia, kha niang phat quang chuyén do6i
nguogc cua vat liéu co cAu trac hexagonal B-NaYF4 manh hon so véi ciu trac cubic o-
NaYFs nén cac nha khoa hoc luén c6 xu huéng tim cac giai phap dé tong hop duoc loai
vat liéu co ciu tric hexagonal nay [16, 19]. Hon nita, tr Hinh 2 cho théy cac dinh nhiéu
xa cO cudng dd cao va sic nét chimg t6 miu NaYF4aTm(ID/Yb(II) c6 ciu trac
hexagonal duoc két tinh tét.
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Hinh 3: Phé hong ngoai cuia vat liéu NaYF4:Tm(IH)/Yb(l11)
dwoc u 0180 oC trong 24 gio

Phé hdng ngoai cua vat liéu NaYFa: Tm(I1)/Yb(111) duoc u ¢ 180 °C trong 24 gio
dugc chi ra trén Hinh 3. Két qua thu dugc cho thiy, trén mau vat liéu NaYFa:
Tm(1N/Yb(I) xuat hién dinh hap thu tai 3490 cm™ (dic trung cho dao dong hod tri lién
két O-H cua hoi nudc hap thy) va dinh hip thy tai 2920 cm™ (dic trung cho dao dong
hoa tri lién két -C-H). Cac dinh hap thu nam trong khoang 1100-1600 cm™ 1a dao dong
bién dang cua lién két -C-H, -C=0. Mt khéc, c4c nguyén ti Tm, Yb lién két véi vat liéu
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nén NaYF4 thé hién qua cac dao dong & cac tan sb thap tuong ang véi cac sb séng trong
khoang 400-800 cm™™,

3.3. Tinh chdt phat quang

Mot trong nhitng yéu cdu cta vat liéu tng dung trong y sinh 1a vét liéu phai co
cuong do phat quang cao. Ngoai cac nghién ctru vé hinh thai hoc va cau trac, ching toi
tién hanh nghién ctru kha nang phat quang cua vat liéu thong qua pho huynh quang.

NaYF :Tm(lll)/Yb(lll)

14000 —
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Hinh 4: Phé huynh quang ciia mau NaYF4:Tm(111)/Yb(111)
duwocu ¢ 180 °C trong 24 gio

Ph6 huynh quang cua vat liéu NaYF.Tm(I1)/Yb(111) dugc thé hién trén Hinh 4,
Két qua phan tich cho thay, vat lidgu NaYF4Tm(I11)/Yb(lll) c6 cac dinh phét xa trong
vung bude song tir 400-700 nm. Khi dugc kich thich tai budc song 980 nm, vat liéu phat
quang trong ving budc séong 451 nm, 473 nm, 649 nm Gng véi cac chuyén doi
1Dy — 3F4, 1G4 — 3He, 1G4 — ®F4 dic trung caa Tm(I11) véi dinh phat xa chinh tai budc
séng 473 nm. Vat liu NaYF.Tm(11)/Yb(I11) sau tong hop dugc chirc ning hoa, lién
hop hoéa nham tuong thich sinh hoc dé tao phirc hop nano y sinh c¢6 thé bét cip té bao
ung thu nham dinh huéng tmg dung trong y sinh.

4. Két luan

Thong qua phuong phap thuy nhiét, ching toi da tong hop thanh cong vat liéu
nano phat quang chuyén doi nguwoc NaYFoTm(IIN/Yb(II) véi ti 18 % mol cua
Tm(1I)/Yb(I) 12 0,5/20. Vat liéu c6 dang hat, duong kinh tir 100-200 nm, ¢6 ciu tric
pha hexagonal B-NaYF4 va phat quang tai cac vung budc song 451 nm, 473 nm va 649
nm tng voi cac chuyén doi Dz — 3Fa, 1G4 — *He va 1G4 — 3F4 cua ion Tm®* véi budc
s6ng kich thich 980 nm, dinh phat xa manh nhat mau xanh lam & 473 nm. Két qua nay 1a
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tién dé tng dung vat liéu nano phét quang chuyén d6i nguoc trong qué trinh phat hién,
nhan dang té bao ung thu.

Loi cam on: Cong trinh nay duoc hd trg kinh phi nghién ctu tir Dé tai ma sé
VAST 03.03/23-24 thuoc Vién Han 1am Khoa hoc va Céng nghé Viét Nam. Céc tac gia
xin chan thanh cam on Trudng Pai hoc Y Ha Noi di tao diéu kién dé thuc hién dé tai cap
co s& (theo quyét dinh sé 4742/QD-DHYHN vé viéc phé duyét nhiém vu khoa hoc cong
nghé cap co so ctia Trudng Pai hoc Y Ha Noi ndm 2022).
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ABSTRACT

CHARACTERIZATION OF UP-CONVERSION
LUMINESCENT NANO MATERIALS
CONTAINING Tm(I11)/Yb(111) BASED ON NaYF4HOST

Ha Thi Phuong?, Le Thi Vinh?, Phan Dieu Hang', Nguyen Thu Thuy?,
Dao Thi Ngoan!, Tu Anh Phong?!, Nguyen Thi Nguyet!, Tran Thu Huong?®
'Faculty of Chemistry, Hanoi Medical University, Vietnam
2Faculty of Chemistry, Hanoi University of Mining and Geology, Hanoi, Vietnam
3Institute of Materials Science,

Vietnam Academy of Science and Technology, Hanoi, Vietham
Received on 05/5/2023, accepted for publication on 27/6/2023

This study aimed to investigate the properties of up-conversion luminescent
nanomaterials containing Tm(l1l) and Yb(l1l) based on NaYF4 host. The materials were
synthesized using the hydrothermal method. The morphology, structure and
luminescent properties of the material were analyzed using field emission scanning
electron microscopy, X-ray diffraction, Fourier transform infrared spectroscopy, and
photoluminescence spectroscopy. The results indicate that the synthesized nano-
materials were in the form of particles with a diameter ranging from 100-200 nm, had a
hexagonal B-NaYFs phase structure, and emitted blue light at a wavelength of 980 nm.
These luminescent properties of the material indicate their potential application in
biomedical fields.

Keywords: Luminescent; up-conversion; hydrothermal; Tm(111)/Yb(I11); NaYFa.
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