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TOM TAT

Trong bai bao nay, ching t6i trinh bay mot s két qua nghién ctru v& tong hop va khao sat tinh chat quang
clia vét liéu nano NaYF:Yb*/Er**@SiO.. Sau khi dugc tong hgp bang phwong phép thity nhiét, vat lidu
nano NaYF,: Yb3"/Er’* (dang hat, dudng kinh 100 <+ 200 nm, cAu tric tinh thé hexagonal) dugc tiép tuc boc
bang 16p SiO, rdi tién hanh khao sat tinh chit quang. Két qua thu dugc cho thiy, vat li¢u NaYF4: Yb>*/Er3*
@S10; phat huynh quang trong ving mau anh sang dé tng vai cac chuyen dot 2H11/2 — 115/2 (520 nm),
#S32 — 152 (550 nm) va *Fop, — *l152 (650 nm) cua ion Er*". Vit liéu nay rit co trién vong dé nhan dang
té bao, dic biét 1a mot so loai té bao ung thu.

Tir khéa: Phuong phap thuy nhiét; phat quang chuyén d6i nguoc; NaYF4:Yb*/Er?*

1. D3t van dé

Céc vat liéu nano phat quang chuyén ddi nguoc ¢ wu thé so véi vat ligu phat quang thong thuong: st
dung ngudn kich thich hong ngoai than thién véi co thé ngudi, khong gy bién doi té bao, co thé xuyén
dugc vai milimet vao md nguoi nén s€ tac dung sau hon vao ving ton thuong Trong sb cac loai vt liéu
phat quang chuyén dbi nguoc, vat liéu nén NaYF, pha tap ion dét hiém Er**, Yb**, Tm**, Ho* s tao hiéu
{ing phat quang chuyén doi nguoc véi hiéu suat phat quang cao, bén trong cac dleu kién khac nhau (N. Niu
va nnk, 2012; J.H. Lin va nnk; S. Abbasi-Moayed va nnk, 2020).

Viée str dung cac vat liéu ndy trong sinh - y hoc da dat nhiing thanh cong nhit dinh ca vé chan doan va
didu tri in vitro va in vivo v6i mot sO thanh tyu n6i bat nhu: Chup hinh anh té bao ung thu, phat hién virut,
nhan dang té bao, ... (P.P. Nampi va nnk, 2022; M.Huang va nnk, 2017; W. Li va nnk, 2022; V.T. Vera va
nnk, 2021; M. Lin Vé nnk, 2012; G. Chen va nnk, 2014). Trong nudc, mot s6 nhom cac nha khoa hoc da
nghién ciru hé vat lidu phat quang chuyén ddi nguoc chita nguyén té dt hiém & cac hinh thai hoc khac nhau
va budc dau da thu dugc mot so két qua kha quan (Ha Thi Phuong va nnk, 2019). Dé tiép tuc phat trién
theo hudng nghién ciru nay, chiing t6i tién hanh tong hop vt liéu nano NaYF4:Yb**/Er** vdi 16p boc SiO,
véi myc dich ting cuong kha ning phat quang cuia vat liéu nham tng dung trong nhan dang mot s6 té bao
ung thu.

2. Co s6' ly thuyét va phwong phap nghién ciru
2.1. Héa chit va phwong phdp chuén bi méu

Héa chit: Cac mudi dat hiém Y(NO;3):.6H,0; Yb(NO3)3.5H,0; Er(NO3)3.5H,0 déu c6 do sach 99,9%
cua hang Sigma); Tetraethyl orthosilicate (99%, Merck); acetic acid (99%, Merck); NaF (99,5%, Merck);
NaOH (99%, Merck); CHsOH (99,9%, Sigma); C;H4(OH), (99,9%, Merck,); nudc khir ion.

Cic phép do miu

Kich thudc, hinh thai hoc cta vat liéu dugc quan sat trén kinh hién vi dién tir (FESEM, Hitachi - field
emission scanning electron microscopy). Céu trac cua vat lidu duge xac dinh trén hé do nhiéu xa tia X
(Siemens D5000 véi A= 1.5406 A trong khoang 10°< 6 < 80°). Phd hong ngoai dugc khao sat trén may do
phd hong ngoai FTIR - IMPACT 410-Nicolet. Phd huynh quang cua vat liéu duge do trén hé do phd ké
phéan giai cao, Model: Microspec-2356 (M¥), voi budc song laser kich thich tai 980 nm.

2.2. Qud trinh tong hop vt li¢u
2.2.1. Tong hop vat liéu

* Tac gia lién hé:
Email: huongtt.ims@gmail.com
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Vit lidu NaYF4:Yb*/Er’* dugc tong hop bang cach:

Cho tir tir 1an lugt cac dung dich NaOH, C,HsOH, Y(NOs);, NaF vao binh phan tmg rdi khudy tir 30
phit thu dugc dung dich A. Sau dé, cho Ethylene glycol, d4t hiém Yb(NO3)s; Er(NO;); vao dung dich A.

Hén hop dung dich dugc khuéy tr 120 phut va dat nhiét d6 100°C, thu dugc dung dich B. Dung dich B
dem thily nhiét 200 °C trong 6 gio. Sau d6 dem dung dich da thuy nhiét ly tam 5000v/5 phut, loc rira 3 lan
bang H,O/EtOH (1:1), sdy ¢ 70°C trong 24 gid, thu dugc chat bot NaYF4: Yb3*/Er’*,

2.2.2. Boc lop SiO; trén vdt liéu chuyén doi nguoc NaYF,: YB3 /Er3*

Cho mgt lugng Tetraethyl orthosilicate, Ethanol vao binh, khudy tir trong 10 phut. Cho tiép H,O va acetic
acid vao dung dich trén va khuay trong vong 1gi¢ dugc dung dich C.

Ticp theo cho vat licu NaYF4:Yb*"/Er*" da tong hop duge & trén cung v6i Ethanol va nho tr tir vao dung
dich C, tiep tuc khuay tir trong 24 gio. Dung dich thu dugc dem di ly tam, rira, loc 3 lan bang H,O/EtOH
=1/1. Vat liéu thu duoc 1a NaYF4: Yb¥'/Er** @SiO».

3. Két qua va thao luin
3.1. Hinh thdi hoc cia vit liéu

Hinh thai hoc cta cac mau NaYF4:Yb**/Er** va NaYF4: Yb¥/Er¥*@SiO,, dugc thé hién trén Hinh 1, cho
thiy, cc hat dong déu, c6 kha ning phan tan t6t trong mdi truong nude. Cac hat cia mau NaYFy:Yb**/Er*
(hinh 1a) c6 dudng kinh khoang 100 + 200 nm. Kinh thudc hat ciia mau NaYF4:Yb**/Er**@SiO; (hinh 1b)
tang nhe (khoang 5 + 20 nm) so v6i mau (a). Két qua nay c6 thé 1a do da tao dugc 16p vo silica 1én vat lidu
NaYF4:Yb*/Er*.

IMS-NKL 5.0kV 4.7mm x50.0k SE(M)

1.00um

(a) NaYF4:Yb¥'/Er* (b) NaYF4Yb*/Er** @SiOs
Hinh 1. Anh FESEM ciia (a) NaYF . Yb*'/Er3*, (b) NaYF:Yb**/Er3* @SiO: i nhiét ¢ 200 °C trong 6 gio.

3.2. Cau truc cua vit liéu

— NavF4YetES  @sio,
I (*) Hex NaYFy4

—
=
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=
=
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=
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2 Theta (do)

Hinh 2. Gidn do nhiéu xa tia X mau nano NaYF,:Yb*'/Er*@SiO: u nhiét 6 200 °C trong 6 gio
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Hinh 2 14 gian d6 nhidu xa tia X ctia NaYF4:Yb**/Er**@SiO t nhiét & 200°C trong 6 gid. Két qua cho
théy mau xuét hién cac dinh nhidu xa dic trung & cac goc 20: 17,0°; 29,9°; 30,8°; 34,7°; 39°; 43,5°; 46,5°;
53,2°; 55,3°; 62,3° twong g tring v&i vi tri cac dinh nhiéu xa cia thé chuén JCPDS sb 28-1192 cta pha
tinh thé p -NaYF; (hexagonal) ctia thu vién ICDD va khong quan sat thay cac dinh la ctia cac tap chat khac
trén gian @6 XRD ciia mau. Do d6, vat liéu NaYF4:Er3*/Yb** két tinh, tinh thé ¢6 cau tric don pha p -NaYF,
(hexagonal).

3.3. Phé hong ngoai

Viée kiém tra xem vat liéu NaYF4:Yb*'/Er**@SiO, dugc boc SiO; thanh cong hay khong dugc xac dinh
bang phd hong ngoai bién doi Fourie, trén dudng pho ciia vat liéu (Hinh 3) ¢ cac pic dinh lan luot tai cac s6
song 3646, 1640, 1039 va 776 cm’! turong timg véi dao dong - C = C -, dao dong ddi xtng ctia - CHs , - Si- O
- Si -va dao dong udn cta - C - OH. Cac dao dong trén trong ung véi cac lién két-C=C-,-CHs,-Si-O -
Si -, - C - OH ciia miu. Piéu nay chimg t6 mau vat liéu da dugc boc thanh cong 16p vo SiO,. Cac dao dong
trong khoang < 700 cm™! tuong tmg véi cac lién két ctia cac dét hiém Yterbi (Yb), Erbi (Er), Yttri (Y) ctia mau
nano.

w3t 3+
NaYF,:Yb™ /Er” @S0,
S
=
=
=
=2
=
8
z
=
=
o
=
———m---—--— e ——————
4000 3500 3000 2500 2000 1500 1000 500

Sé séng (cm'l)
Hinh 3. Phé hong ngoai mau nano NaYFy:Yb**/ Er¥* @SiO: it nhiét ¢ 200 °C trong 6 gic

3.4. Tinh chit phdt quang ciia vit ligu

—— (1) NaYF_:Yb™/Er*
——(2) NaYF, . Yb*/Er*@Si0,

(2)

Cudng do (d.v.t.d)

(1)

T
500 600 700
Bude séng (nm)

Hinh 4. Phé huynh quang ctia cac mau nano NaYF . Yb? ' /Er*(1); NaYF,:Yb*' /Er*@SiO: (2)
u nhiét 0 200 °C trong 6 gio.
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Két hop cac nghién ciru vé hinh thai hoc, cau triic, chiing t6i tién hanh khéo sat tinh chét phat quang ctia
céc vt lidu da duoc tong hop thong qua phd huynh quang. Tai budc song kich thich hex = 980 nm, ca 2
mau NaYF,:Yb*/Er’* va NaYF,:Yb**/Er** @SiO;  nhiét & 200°C trong 6 gid déu phat quang tdt, tai cac
dinh phat xa tir 510 - 570 nm va tir 630 - 700 nm, Gmg v&i cac chuyén doi 2Hy12 — *15 (520 nm), S3p —
15 (550 nm) va *Fon — *I152 (650 nm) cua ion Er**. Nhu vay, cac mau vat liéu tong hop déu phat xa &
vung 4nh sdng mau d9 tai cic bude séng cua ion Er’’. Hon nita, cudng do phat quang cia vat liéu duge boc
16p SiO; cao hon mau khéng boc 35% (Tran Thu Huong va nnk, 2009)

4. Két luan

D3 tong hop thanh cong vat liéu phat quang chuyén d6i nguge NaYF4:Yb3*/Er** phat quang trong viing
do, vat liu c6 dang hat, duong kinh tir 100 nm dén 200 nm, cAu tric pha hexagonal -NaYF,.

Di boc thanh cong vat lidu trén bang 16p SiO» tao t6 hop nano y sinh NaYF,:Yb*/Er**@Si0; véi cudng
d6 phat quang dugc ting cuong. Do do, vat liéu co trién vong Urng dung phat hi¢n va nhan dang mot s6 té
bao ung thur.

Loi cam on

Nghién ciru nay dugc hd tro kinh phi tir Dé tai ma s6 VAST 03.03/23-24 thudc Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.
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ABSTRACT

Synthesis and Characterization of NaYF:Yb**/Er**@SiO:
nanomaterials

Le Thi Vinh! Ha Thi Phuong? Tran Thu Huong™*
! Hanoi University of Mining and Geology
’Department of Chemistry, Hanoi Medical University
3Institute of Materials Science, Vietnam Academy of Science and Technology

In this paper, we report several findings on the synthesis of the luminescent nanomaterial
NaYFs:Yb*/Er¥*@SiO,. The NaYF4: Yb*'/Er’*" nanomaterials in the form of particles with diameters
ranging from 100 to 200 nm, were synthesized using the hydrothermal method. These materials were then
coated with a SiO; layer and possess a hexagonal crystal structure (). An investigation of the optical
properties of NaYF4:Yb*"/Er¥*@SiO; shows that the material emits fluorescence in the red region,
corresponding to the transitions 2Hj 12 — *Iys2 (520 nm), *S32 — “I152 (550 nm) and *Fo, — *I152 (650 nm)

of Er*" ion. These results hold potential for identifying cancer cells and applications in biomedical
fluorescence labeling.

Keywords: Hydrothermal method; upconversion luminescence; NaYF4:Yb*/Er3*

1511



