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TOM TAT

Vit lidu nano phat quang chuyén d6i nguoc NaYFy: Yb**/ (Er¥*, Tm3*) duoc tong hop bang phuwong phap
thuy nhiét. Cau trtic, hinh thai hoc va tinh chat quang cia vat liéu dugc quan sat trén thiét bi phan tich
nhiéu xa tia X, phd hong ngoai, kinh hién vi dién tir phét trudong va phd huynh quang. Vat liéu c6 dang
hat cau véi duong kinh khoang 100 = 300 nm, phat quang manh trong viing d6. Cac két qua khao sat cho
thiy, vat lidu nano NaYFs: Yb*/ (Er¥*, Tm®") ¢6 trién vong lam tac nhan phat hién té bao ung thu tng
dung trong y sinh.

Tir khéa: NaYFa: Yb3'/(Er®', Tm?®"); vat liéu nano; phuong phép thuy nhiét; phat quang

1. D3t van dé

Céc nha khoa hoc trén thé gidi di va dang quan tdm nghién ctru céc vat liéu nano phéat quang chira dat
hiém do nhing tinh chét quang vét 1y hap dan ciia ching (Y. Li va nnk, 2022; T. Grzyb va nnk, 2021; H.
Chen va nnk, 2022; S. Balabhadra va nnk, 2020). Uu diém ctia cic hop chét phat quang chira dét hiém la:
Thoi gian song huynh quang dai, than thién voi méi trudng va con ngudi nén ching 1a vat lidu co so va
rat hiru ich cho viéc ché tao cac cong cu danh déu huynh quang (phat hién va nhén dang té bao ung thw),
lam cam bién cho viéc xét nghiém va chan doan anh huynh quang (E. Hong va nnk, 2019; J. Grube va
nnk, 2023; J. Grube va nnk, 2022; J. Chen va nnk, 2012). Hon nira, cac vat liéu phat quang chuira d4t hiém
kich thudc nano c6 d6 én dinh cao, d& ché tao, d& chuc nang hoa bé mat. Dic biét, vat liéu c6 hiéu ung
chuyén nguoc duogc ing dung trong phat hién, nhan dang té bao dang 1a vin d& néng duoc nhidu nha khoa
hoc trén thé gidi quan tam (D. Vennerberg va nnk, 201; S. Cui va nnk, 2022; ; Y. Ma, 2015). Mot trong
nhiing ung dung chinh cua loai vat li€u nay la lam cong cu phat hién té bao, x4c dinh sém bénh ung thu.
Vit lidu dugc lya chon 1a vat liéu chira ion dat hiém (Er**, Tm*")/Yb* ¢6 hiéu Gmg chuyén d6i nguoc cao,
¢6 kha nang tng dung hiéu qua trong y sinh.

O Viét Nam, mot s6 nhom cac nha khoa hoc cling da tap trung nghién ctru hé vat li¢u phat quang
chuyén ddi nguoc NaYF4 chita Yb*/ Er’* va da dat dugc nhimg két qua ban dau (T.T. Huong va nnk,
2021; L.Q. Minh, 2012; T.T Huong, 2020). Tuy nhién, hé vat li¢u c6 mat déng thoi ca hai ion kich hoat
(Er** va Tm*") /Yb** con chua duge dé cap nhiéu. Theo bai bao nay, chung t6i tién hanh tong hop va khao
sat tinh chat ciia vét liéu nano phat quang chuyén d6i ngugc chira ddng thoi Er* va Tm®* trén nén NaYF,
nham d4nh gia kha ning (mg dung ctia vat liéu dé phat hién, danh ddu mot vai loai té bao ung thu in vitro.

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

Hoéa chit: Cac hoa chat ding dé ché tao vat liu NaYFs: (Er**, Tm*)/Yb** gém : Y(NO3);.6H,O
(Sigma, 99,9%); Yb(NO3)3.5H,O (Sigma, 99,9%); Er(NOs);.5H,O (Sigma, 99,9%); Tm(NOs3)3.5H,O
(Sigma, 99,9%); NaF (Merck, 99%); NaOH (Merck, 99%); C;HsOH (Sigma, 99,9%); CoH4(OH), (Merck,
99,9%); nude khr ion.

* Tac gia lién hé
Email: lethivinh@humg.edu.vn
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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). Cau tric ctia vat li¢u duoc x4c dinh bang phuong phap do nhidu
xa tia X trén hé nhiéu xa ké D5000 Siemens v6i A= 1,5406 A. Phd hong ngoai duoc 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 thwc nghiém

Vit liéu nano NaYFs: (Er¥*, Tm*")/Yb*" duoc tong hop theo phuwong phap thiy nhiét. Quy trinh tong
hop vét liéu dugc mo ta nhu sau: Cho vao binh phan tng céc dung dich: NaOH, C;HsOH, C;H4(OH),,
Y(NO3)3; Yb(NO3)s; Er(NO3)s; Tm(NO3)s va nude. Khuay déu hdn hop dung dich nay trong 15 phut roi
nho tir tir dung dich NaF vao va khudy tiép trong 6 gid & 150 °C. Hon hop thu dugc chuyén vao binh teflon
dung trong Autoclave va tién hanh @ nhiét & 200 °C trong 8 gio. San pham thu dugc duoc li tim, rira sach bang
nude khtr ion r0i dem siy & 60 °C trong 24 gio.

3. Két qua va thio luin

3.1. Céu triic tinh thé va hinh thdi hoc

—— NaYF,: (Er”,Tm™)/ Yb*
Cubic
Il Hexagonal

Cuong do (d.v.t.d.)

. eVt

I ! I T I T
30 40 50 60 70 80

2-Theta (do)

Hinh 1. Gidn do nhiéu xa tia X ciia mau NaYF,: Yb*'/ (Er**, Tm*") it nhiét 6 200 °C trong 8 gic

Dé xac dinh cau triic ciia vat licu NaYFs: Yb**/(Er*, Tm?*) tong hop dugc, ching t6i da tién hanh
phan tich gian d6 nhidu xa tia X théng qua phuong phap do nhiéu xa tia X (Hinh 1). Tir gian d6 nhidu xa
tia X cho thdy vi tri ctia cac vach nhiéu xa chinh c6 cdu tric pha cubic o -NaYF, (phtt hop véi thé chuin
JCPDS s6 77-2042) va mdt s6 vach co cdu triic pha hexagonal B -NaYF4 (phtt hop véi cac két qua trén thé
chuén JCPDS sb 28-1192). Theo thé chuan cho thiy, mau NaYF: Yb*/(Er*, Tm3+) la hdn hgp clia pha
cubic a -NaYF, va pha hexagonal § -NaYF4. Ngoai ra, nhén thiy cic dinh nhiéu xa sic nét va cao trong
gian dd XRD c6 thé suy luan ring cac mau duoc két tinh t6t.
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Po truyén qua (%)

L L LA B S e ——
4000 3500 3000 2500 2000 1500 1000 500

S6 séng (cm™ )
Hinh 2. Phé hong ngoai ciia mau NaYFy: YB3/ (Er**, Tm3*) 4 nhiét & 200 °C trong 8 gio

Phé hdng ngoai cua vat liéu phat quang chuyén nguoc NaYFa: Yb3*/ (Er¥, Tm**) dugc trinh bay trén
Hinh 2. Két qua phan tich phd hong ngoai thu dugc cho thay, trén mau vét liéu NaYFs: Yb3*/ (Er’*, Tm®")
xuét hién dinh hép thu tai 3490 cm’! (dic trung cho dao dong hoa tri lién két O-H cua hoi nude hép thy)
va dinh hip thu tai 2920 cm™! (déc trung cho dao dong hoa tri lién két -C-H). Cac dinh hip thy nim trong
khoang 1100 em! - 1600 cm™ 1a dao dong blen dang cua lién két -C-H, -C=0. Mt khac, cac nguyén tur
dat hiém Er, Tm, Yb lién két véi vat liéu nen NaYF4 thé hién qua cac dao dong & céc tan sb thap tuong
{mg véi cac sb song trong khoang 400 cm! - 800 cm'!

L} bl vl
IMS-NKL 5.0k 5 4mm x50.0k SE{M) 1.00um

Hinh 3. Anh FESEM ciia mau NaYFy: Yb3'/ (E¥*, Tm*") it nhiét ¢ 200 °C trong 8 gic
Hinh thai hoc ctia cac mau dugc trinh bay trén Hinh 3. Qua anh FESEM cho théy, vt liéu NaYF4:

Yb*'/(Er*', Tm*) tong hop duge c6 dang hat cdu v6i duong kinh khoang 100 nm + 300 nm. Cac hat kha
dong déu va khong bi két dinh.

1465



3.2. Tinh chit phit quang

[ = NaYF;: Yb"/ (Er", Tm"
650

20000

15000 -

10000

Cuong do (d.v.t.d.)

5000

oL 1 - 1 : 1
500 600 700

Buéce song (nm)

Hinh 4. Phé hupnh quang ciia mau NaYFy: YB3/ (Er*, Tm**) i nhiét & 200 °C trong 8 gio.

Diéu kién dé vat liéu tmg dung duoc trong y sinh 1a ching phai c6 cu tric 6n dinh, kich thudc nano va
phét quang tot. Két hop cac nghién ctru vé cu tric, hinh thai hoc, chung t6i tién hanh khao sat tinh chét
phat quang cua vat liéu nano NaYFy: Yb¥/ (Er*, Trn3+) bang cach do phd huynh quang (Hinh 4). Két qua
cho thay vt liéu phat quang chuyén d6i ngugc trong ving do tmg vdi cac dinh phat xa nim trong viing co
bude séng tir 300 dén 800 nm. Tai budce song 450 nm, 480 nm Gng v6i chuyén doi 'D; — 3Fa, 'Gs — *Hg
cua ion Tm®; tai cac bude séng 520 nm, 540 nm va 650 nm Gng véi cac chuyén doi *Hiiz — “lisn, *Ssn
— 15 va *Fop — 5 twong ng ctia ion Er** khi kich thich tai buéc séong 980 nm.

4. Két luan

D3 tong hop thanh cong vat lidu nano phat quang NaYFs: Yb**/(Er¥*, Tm3*) bang phuong phap thuy
nhiét. Vit liéu téng hop dugc c6 dang hat cau véi duong kinh khoang 100 + 300 nm, c6 c4u trac hdn hop
pha cubic o va pha hexagonal p. Vit liéu phat huynh quang tot & anh sang d6 tng véi cac chuyén doi dic
trung 1D2 — 3F4, 1G4 — 3H() cua ion Tm3+; 2H1|/2 — 4115/2 s 4S3/2 — 4115/2 va 4Fg/z — 4115/2 tuong 1'Ing cua
ion Er** khi kich thich tai buéc song 980 nm. Két qua cho thay vat liéu nano NaYFs: Yb**/(Er**, Tm?")
thich hop dung dé tao cong cu phat hién, danh du té bao ung thu tmg dung trong y sinh.

Loi cam on
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ABSTRACT

Survey on the properties of upconversion luminescent materials
containing Er*" and Tm?*

Ha Thi Phuong!, Le Thi Vinh?, Phan Dieu Hang', Nguyen Thu Thuy', Dao Thi Ngoan',
Tu Anh Phong!, Nguyen Thi Nguyet', Hoang Xuan Cuong', Nguyen Thi Le?, Hoang Thi Thu Trang?,
Chu Nong Quan Huan?, Tran Thu Huong*"

'Hanoi Medical University
’Faculty of Basic Science, Hanoi University of Mining and Geology
’Na Bao High School
‘Institute of Materials Science, Vietnam Academy of Science and Technology

In this report, we present several results on the synthesis of NaYF4: Er¥*/Tm?" nanomaterials using the
hydrothermal method. We find suitable conditions to control the particle size of the material. The
morphology, structure, and optical properties of the nanomaterials were observed using field emission
electron microscopy, infrared spectroscopy, X-ray diffraction analysis, and fluorescence spectroscopy.
The NaYFs: Yb*'/ (Er**, Tm?") material has a particle shape with a diameter of about 100 to 300 nm,
emits strong fluorescence in the red region. The survey results show that NaYFs: Yb3/(Er’*, Tm?")
nanomaterials have potential as agents for detecting cancer cells in biomedical applications.

Keywords: "NaYFa: Yb¥*/(Er**, Tm3*)"; "nanomaterials"; "hydrothermal method"; "fluorescence"

1467



