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Tang cudng kha ning phat quang cta vt liéu YVO4:Eu*
ung dung trong y sinh
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TOM TAT

Trong béo céo nay, chiung tdi trinh bay mét s6 két qua vé khao st tinh chat quang cua vt liéu nano
YVO4:Eu** duoc téng hop bing phuong phép thuy nhiét, tim diéu kién thich hop dé ting cuong do phat
quang cua vat liéu thong qua sy thay dbi cua tién chdt NH,VO;, Na3VO,.Vat liéu sau khi tdng hop duogc
dac trung bang mot so phuong phap vat 1y hién dai nhu: phuong phap nhiéu xa tia X (XRD), phu’o’ng phéap
chup anh hién vi dién tir quét (SEM), phuong phap pho huynh quang... Vat liéu nano YVO4:Eu®" ¢c6 dang
hat véi dudng kinh khoang 10 + 20 nm, phat quang tot trong viing d6 tmg vdi cac chuyén doi dic trung cta
ion Eu3*:3Dy — 7F; (J = 1 + 4) twong (g v6i cac vach phat xa & budce song 594, 618, 652 va 702 nm, vach
phéat xa manh nhat ¢ 618 nm. Két qua mau vat liéu YVO4:Eu** dugc tong hop tir mubi NaVO, nay c6 trién
vong lam tac nhan danh déu té bao g dung trong y sinh.

Tir khéa: YVO4:Eu; vét liéu nano; phuong phap thuy nhiét, phat quang; danh diu huynh quang.

1. bat van dé

‘Trong linh vuc khoa hoc va cong ngh¢ nano thoi gian gan day, cac vat liéu nano phat quang chua dat
hiém trong d6 c6 YVO4:Eu?* 1a d6i twong duoc tap trung nghién ciru va phét trién véi nhidu ing dung trong
quang dién tr va y sinh hoc (E.K. Ilya, 2021; D. Giaume, 2008).

Vit lidu nano phat quang chira cac ion dt hiém YVOLEW" c6 d6 6n dinh cao, phat quang manh ving
mau do, dé ché tao, d& chirc nang hoa bé mit va phan tan trong mdi trudng nude thudn lgi cho cac qua trinh
y sinh hoc (D.Sevic, 2019; A. Fernandez-Osorio, 2022). Trén co s& d6, mot 6 nhém céac nha khoa hoc &
Viét Nam ciing d4 tap trung nghién ctru hé vat lidu phat quang YVO4:Eu®" va da dat duge mot sb két qua
ban d4u (T.T. Huong, 2016). Vit lidu nano YVO4:Eu** cho thiy trién vong 16n nhim theo dai va phat hién
cac dbi tugng hoat dong sinh hoc nhu virus, té bao va cac phén tir sinh hoc (M. Luo, 2013; C. Bouzigues,
2011).

Tuy nhién, viéc khao sat hmh thai hoc, tang hiéu qua phat quang cua vt liéu nano YVOq: Eu®* cin duoc
khai thac nhidu. Vi vy, viéc trién khai cic nghién ctru tdng hop vat liéu YVO4Eu* ¢6 thé diéu khlen duogc
& kich thudc nano va cai thién kha nang phat quang ciia vat liéu nhim tmg dung trong y sinh 1a rit can thiét.
Trong bai bao nay, ching t6i thong bao mot s két qua vé nghién ciru tong hop vat li¢u nano YVO4:Eu®*
str dung céc tién chit khac nhau nhdm tim diéu kién tang cudng tinh chat quang ciia vat liéu. Nghién ciru
v& cu triic, hinh thai hoc cua vat liéu nano s& duoc trinh bay va thao luan chi tiét. Cac két qua budc dau
cho thay vit ligu nano YVO4:Eu®* phat quang manh dang hat c6 thé g dung lam tac nhan danh ddu huynh
quang y sinh.

2. Co sé'ly thuyet va phuong phap nghién ciru
2.1. Héa chit va Pphuwong phap chudn bj méu

Héa chat: Dé tong hop cac vat liéu nano nay, cac hoéa chit tinh khiét da dwoc st dung bao gom:
Eu(NO3);.5H,0,  Y(NO3)3.6H,O  (Sigma-Aldrich  99,8%), NH4VO; (Sigma-Aldrich  90%),
Na3zVO4(Sigma- Aldrlch) NaOH (Merck), C:HsOH (Merck, 96%) va nudc khir ion.

Cac phép do miu: Céu tric cua vat lidu dugc xac dinh trén hé do nhiéu xa tia X (Siemens D5000 véi A
=1.5406 A, goc nhiéu xa trong khoang 15°< 20 < 75°). Hinh thai hoc clia vat liéu dugc quan sat trén kinh
hién vi dién tir phat truong (FESEM, Hitachi — field emission scanning electron microscop). Phd huynh
quang cua vat liéu dugc do trén hé do huynh quang IHR 550 HORIBA thudc Vién Khoa hoc vat liéu, Vién

* Tdc gia lién hé
Email: lethivinh@hung.edu.vn, tthuongims@gmail.com
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Han 1am Khoa hoc va Cong nghé Viét nam.

2.2. Téng hop vt ligu

Vit liéu nano YVO4:Eu" dugc ché tao bing phwong phap thuy nhiét. Quy trinh tdng hop dwoc mé ta:
Hoa tan mdt lwong Y(NO3)3.6H20 va Eu(NOs)3.5H,0 vdi ti 186 YVO4:Eu*" 14 3% vé s6 mol vao trong 60
ml H,O, thuc hién khuéy tir trong 90 phut dugc dung dich 1. Hoa tan lugng hoa chét da tinh toan NH4VOs
hodc NazVOy vao 40 ml H,O khudy tir trong 30 phat thu duge dung dich 2. Nhé tir tir dung dich 1 vao dung
dich 2 thu duoc két tua tra"mg duc. Dung dich thu dugc dem khqu tir trong 90 phut, pH cuia dung dich dugc
diéu chinh trong khoang pH = 6 (chat diéu chinh pH c6 thé dung dung dich NH; hoiic NaOH 10%), tiép tuc
dem khudy tir trong 2 gid va dugc chuyén vao Autoclave véi nhiét d6 t & 200 °C trong 24 gid. San phim
thu dwoc dem ly tim va sdy thu duoc bot YVO4:Eu”.

3. Két qua va thao luan
3.1. Céu triic ciia vit liéu

Céc mau YVO,:Eu" duogc tdng hop & méi trudng pH = 6 bang phuwong phép thay nhiét i & 200 °C, trong
24 gid voi su thay d6i gbe mudi VO khac nhau. Mau YVO4:Eu** tong hop tir mubi NHsVO; dugc ky
hiéu 1a Y VEN24h. Mau YVO4:Eu** tong hop tir mudi Na;VO; dugc ky hidu 1a YVENa24h. Tir nhiing phan
tich v& cdu triic va tinh chét cta vat liéu thu dugc, s& lya chon tién chit géc mudi VO3> thich hop dé téng
hop vat liéu YVO4:Eu®" theo muc dich ung dung cho y sinh.
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Hinh 1. Gidn d6 nhiéu xq tia X ciia mau YVEN24h va YVENa24h
Hinh 1 1a gian d6 nhiéu xa tia X ctia cac mau YVEN24h va YVENa24h. Két qua cho thdy trén gian d6
XRD ciia ca hai mau déu xuét hién cac dinh nhidu xa tai vi tri goc 20 tai 18°, 25°, 34°, 36°, 41°, 46°, 50°,
58°,63°, 66°, 71°, 75°. Ddi chiéu véi thé chuin JCPDS 17-0341 cua tinh thé YVO, trong thu vién ICDD,
ta thiy vi tri cac dinh nhidu xa phi hop véi thé chuan va twong tng véi cac ho mit phing mang (hkl): (101),
(200), (112), (202), (301); (103); (312) (420), (332), (204), (224), (512). Theo thé chuan, tinh thé YVO4
¢6 cdu triic don pha, kiéu mang tir giac (Tetragonal), nhém khong gian 14,/ amd v6i cac hing s6 mang a =
b=7119A, c=6290 A va V =318,79 A3. Ngoai cic dinh nhiéu xa ctia pha ciu tric YVO, khong quan

sat théy c4c dinh la & gian dd XRD cua ca hai méu.

3.2 Hmh thdi hoc ciia vat heu

Hlnh 2 Anh FESEM ciia cdc mau (a) YVEN24h va (b) YVENaZ4h
Hinh thai hoc clia cdc miu dugc quan sat trén kinh hién vi dién tir phat truong. Hinh 2 trinh bay dnh
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FESEM ciia cac miu (a) YVEN24h va (b) YVENa24h. Qua anh FESEM cho thiy hai mdu YVEN24h va
YVENa24h c6 dang hat kha ddng déu voi dudng kinh khoang 10 - 20 nm. Tur két qua thu dwoc cho thiy
vt lidu nano tong hgp YVENa24h c6 su céi thién vé su phan tan, qua trinh két dam hat giam dang ké, diéu
nay cho théy vai trod ctia mudi NazVO,. S¢ di nhu vay co thé 132 do mudi Na3VO, tan tot trong nudc, chu
trac tir dién va pH cao VO4> ton tai HVO4Z, pH thép t6n tai poly vanadat. Ngoai ra, mu6i Na;VO4 1a mot
chét kich hoat tai pH= 6 ton tai meta vanadat. Trong d6, mu6i NH;VOs it tan trong nudc, 1a chat trung gian
trong qua trinh tinh ché vanadat.

3.3. Tinh chit quang ciia vt ligu

Cuwong do (d.v.t.d)
o
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Hinh 3. Phé huynh quang cua mdu YVEN24h va YVENa24h

Yéu cau cua vat lidu ding dé tmg dung trong danh dau huynh quang y sinh la vat liéu phai c6 kha ning
phat quang manh va c6 kich thudc nano. Két hgp cac nghién ciru vé hinh thai hoc, c4u triic, ching t6i tién
hanh khao sat tinh chét phat quang ctia céc vat liéu néu trén. Hinh 3 trinh bay phd huynh quang ctia hai mau
YVEN24h va YVENa24h khi duoc kich thich tai 355 nm. Két qua cho thiy cac miu vt lidu dugc déu phat
quang tai ving anh sang d6 véi cac chuyén doi dic trung ciia Eu*: 5Dy — 7F, (v6in= 1, 2, 3, 4). Cac dinh
phat xa thu duoc tai 594, 618, 652, 702 nm twong tng véi cac chuyén doi Dy — "Fy, Dy — "Fa, 5Dy —
7F3, 5Dy — "F4, trong d6 dinh phat xa manh nhat 1a & budc séng 618 nm twong (ng v&i chuyén doi SDy —
7F,. MAu YVENa24h tdng hop tir mudi NaVO, phét xa huynh quang manh hon v6i miu YVEN24h.

Trén co s& phan tich gian dd XRD, khao sat hinh thai hoc va phé huynh quang cua cic vét liéu
YVO,:Eu’* téng hop tir mubi NH;VO; va NaVOy, vét lidu thu duoc déu c6 ciu trac don pha, két tinh tdt,
kich thuéc hat nh6 (d =10 + 15 nm) va dong déu. Mau YVENa24h tong hop tir mudi NaVOx it b két dam,
phat xa huynh quang manh hon v6i mau YVEN24h. Piéu nay, ching t6i cho rang do véi sy c6 mit cia
muoi NaVO, lam cho vt li¢u c6 sy cai thién sy phan tan, giam qua trinh két dam hat va tinh chat phat
quang tot hon.

4. Két luan

Pi tong hop thanh cong vat liéu nano phat quang chira dét hiém YVO4:Eu®* bang phuong phap thiy
nhiét. V4t liéu YVO4:Eu’" c6 dang hat, duong kinh khoang 10 + 20 nm. Vat liéu nano YVO4:Eu®* ¢6 cdu
truc tinh thé tir gidc, phat huynh quang t5t & 4nh sang do tng véi cac chuyén doi dic trung ciia ion Eu™:
Do — "F; (J =1 + 4) twong ung v&i cac vach phat xa & bude song 594, 618, 652 va 702 nm, vach phat xa
manh nhét & 618 nm. MAu vét liéu YVENa24h duoc tdng hop tir mudi NaVOy it bi két dam, phat xa huynh
quang manh hon v&i mau YVEN24h. San phém vat liéu nano YVENa24h ché tao duoc & trén c6 kha nang
tmg dung trong nhiéu linh vye, dic biét 1a trong qui trinh danh diu huynh quang y sinh.
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ABSTRACT
Enhance the luminescence of YVO4:Eu** nanophosphors for

bio medical application

Le Thi Vinh!"*, Ha Thi Phuong?, Hoang Thi Khuyen®, Nguyen Thanh Huong?, Pham Thi Lien’
and Tran Thu Huong®*
! Hanoi University of Mining and Geology, 18-Pho Vien, Bac Tu Liem, Hanoi
2Hanoi Medical University, 1-Ton That Tung, Hanoi
3 Institute of Materials Science, Vietnam Academy of Science and Technology,18 Hoang Quoc Viet, Hanoi

In this report, we present a number of results achieved in the field of YVO4:Eu®" nanophosphors by
hydrothermal method. The effects of NH4VO3, NasVOj4 on the size, structure and luminescence properties
of the nanocrystals were investigated by powder X-ray diffraction (XRD), field emission scanning electron
microscopy (FESEM), and photoluminescence (PL) spectra. The mean size of nanoparticals is about 10-
20 nm in diameter. The emission spectrum is composed of four well-resolved peaks at 594, 618, 652 and
702 nm, which correspond to the 3Do-"F; (J = 1,2,3,4) transitions of Eu*" ions under UV - vis excitation.
The results indicate YVO4:Eu*" nanophosphors with Na;VO; in red color will be a promising candidate for
biomedical application.

Keywords: YVO4:Eu*"; nanophosphors; hydrothermal method; luminescence; bioimaging.
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