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Khao sat tinh chat caa vat liéu nano ThPO4.H20
dinh huéng tng dung trong y sinh

Lé Thi Vinh'*, Vii Duy Thinh?, Ha Thi Phugng®, Hoang Thi Khuyén??3,
Nguyén Manh Hung?, Nguyén Thu Ha!, Phan Di¢u Hang*, Tran Thu Huong?3”*
! Truong Pai hoc Mé - Pja chdt, Viét Nam
2 Hoc vién Khoa hoc va Cong nghé

TOM TAT

Trong béo céo nay ching tdi thdng bao mot s6 két qua vé nghién ctu tinh chat cua vt liéu nano ThPO4.H,0
tong hop bang phuong phap héa uét. Hinh thai hoc, ciu tric, tinh chat quang cua cac vat liéu nano dugc
quan sét trén kinh hién vi dién tir phat truong, phan tich nhiéu xa tia X va phd huynh quang. Vat liéu nano
TbPO4.H,0 phat quang tét trong viing mau xanh & budc séng 540 nm. Vat liéu ¢6 dang thanh véi chiéu dai
khoang 500 -+ 800 nm, d6 rong khoang 10 + 30 nm; dang khéi chir nhat vai chiéu dai khoang 80 + 150 nm,
chiéu rong khoang 30 + 80 nm va dang con nhong véi chiéu dai khoang 30 -+ 80 nm:; chiéu rong khoang 20
+ 50 nm. Cac két qua khao sat cho thay vat liéu nano TbPO,.H,0 c6 trién vong l1am tic nhan danh dau té
bao tng dung trong y sinh.

Tir khoa: TbPO,. H20; thanh nano; vat liéu nano; hat nano; danh dau huynh quang.

1. Pit véan dé

Hién nay trén thé gioi, két qua sir dung vét liéu nano trong linh vuc y sinh thu dugc nhiéu thanh cong c6
tinh d6t pha ca vé chan doan va chira tri (Choi, 2007). Dic biét, huéng nghién ciu va ang dung vat liéu
nano phat quang da dat dugc mot s thanh tyu ndi bat nhu: thu nhan hinh anh cac té bao gy ung thu (Zhao,
2004), phét hién céc virus, DNA (Hadiman, 2003; Abraham, 2008), ché tao tem danh d4u, tinh ché phan tir
sinh hoc va té bao (Tan, 2000; Kuang, 2014).

O Viét Nam, cong nghé nano da c6 nhitng budc chuyén quan trong, tao ra sic hit méi ddi vai cac nha
khoa hoc véi nhitng tng dung trong cudc séng nhu: danh diu bao mat, chiéu sang va dic biét trong y sinh
(Anh, 2011; Liém, 2012; Minh, 2012; Phuc, 2013-2016; Thu, 2013-2016). Trén co s¢ d6, mot s6 nha khoa
hoc & Viét Nam ciing da tap trung nghién ctiru hé vat liéu phét quang chira nguyén té Eu, Th, Yb, Er va da
c6 mot sb két qua ban dau (Lien, 2019; Huong, 2012; Vinh, 2018; Huong, 2012). Vit liéu nano chira ion
dét hiém Tb (111) c6 d6 6n dinh cao, d& ché tao va d& chire nang hoa bé mat, phat quang viing mau xanh, c6
kha ning phat quang ngay trong moi truong nudc, ¢o trién vong 16n trong viéc dua vao té bao sinh hoc,
ng dung lam tac nhan danh dau huynh quang y sinh (Yana, 2015; Yue, 2013; Gavrichev, 2016).

Trong bao co nay, ching toi théng bao maot sé két qua vé nghién ciu tinh chat cua vat liéu nano
TbPO4.H0 tong hop bing phuong phap hoa wét. Hinh thai hoc, tinh chat dic trung cua cac vat liéu nano
dugc xac dinh bang anh FESEM, gian d6 nhiéu xa tia X va pho huynh quang. Céc két qua khao sat cho
thdy vat liéu TbPO4.H,O c6 kich thuéc nano, hinh dang c6 thé diéu khién dugc bang cach thay dbi didu
kién téng hop, phat quang tt trong viing mau xanh & budc song 540 nm. Cac dac tinh nay cho thay vat liéu
nano TbPO4.H,0 ¢ trién vong lam tac nhan danh dau té bao ang dung trong y sinh.

2.Coso'ly thuyet va phwong phap nghién ciu
2.1. Hoba chit va phwong phdp chuén bi mdu

Hoa chat: Tbh(NO3)3.H20 (Aldrich, 99.9%), NHsH2PO4 (Merck, 99%), NH,OH (25%), NaOH (Merck),
CesHsNaz07.2H,0 (tri-sodium citrate dihydrate) va C.HsOH (Merck, 96%).

Cac phép do miu

Kich thudc, hinh thai hoc, cu tric cua vat liéu cua vat liéu dwoc quan sat trén kinh hién vi dién tur phat
truong (FESEM, Hitachi - field emission scanning electron microscopy), hé do nhiéu xa tia X (Siemens
D5000 véi A = 1.5406 A). Phd huynh quang cua vat liéu dugc do trén hé do huynh quang IHR 550 HORIBA
véi budce song kich thich 355 nm.

*Tac gia lién h¢
Email: levinhmdc@gmail.com; tthuongims@gmail.com
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2.2. Qué trinh thuc nghiém

Vit liéu nano TbPO4-H20 dugc ché tao bang phwong phap hoa wét. Quy trinh téng hop duge mé ta: nho
tir tir dung dich Th(NOs)s 0,025M vao dung dich NHsH,PO4 0,025 M (theo ti 1/1 hodc 1/15 vé thé tich)
dung trong binh ciu 250 ml va thyuc hién khudy tir trong 15 phut. Tiép theo, cho dung dich CsHsNaz07.2H,0
(TSCD) vio binh cau khudy tir trong 1 gio va diéu chinh pH = 4. Hon hop sau khi khudy tir tiép trong 5 gio
dugc chuyén vao binh teflon dung trong Autoclave va u nhiét & 200 °C trong 24 gid. San pham thu dugc
sau khi li tdm, rira sach bang nudc khir ion duoc sdy ¢ 60 °C trong 6 gid.

3. Két qua va thao luan
3.1. Hinh thai hgc cia vt ligu

IMS-NKL 5.0kV 5.6mm x80.0k SE(M) 500nm

(b) TbPO4.H,0 (1/15)

W 4 5mm x100k SE(M) 500nm

(a) TOPO4.HZ0 (/1)

B

IMS-NKL 5.0kV 4.5mm x80.0k SE(M) 500nm IMS-NKL 5.0kV 5.4mm x100k SE(M)
(c) TbPO4.H20 (1/1)-TSCD (d) TbPO4.H20 (1/15)-TSCD
Hinh 1. Anh FESEM cua ThPO4-H-0 4 nhiét ¢ 200 < trong 24 gio

Céc miu TbPO4-H,0 dugc u trong 24 gio ¢ didu kién 200°C va pH = 4. Vi ti 1é Th¥/PO,* bang 1/1 va
1/15, mau duoc ky hiéu lan luot 12 ThPO4.H20 (1/1) va TbPO4.H,0 (1/15). Ciing cac ti 1& trén, vai sy c6
mat cia CeHsNaz07.2H,0, mau dugc ki hiéu 1a TbPO4.H,0 (1/1) - TSCD va TbPO4.H,0 (1/15) - TSCD.
Hinh thai hoc ctia cAc mau duoc quan sat trén kinh hién vi dién tur phat truedng va trinh bay trén Hinh 1. Vi
mau ThPO4.H,0 (1/1) (Hinh 1a), vat liéu c6 dang thanh véi chiéu dai khoang 500 + 800 nm va do rong
khoang 20 =+ 50 nm. Tuy nhién, ¢ ti 1&¢ 1/15 (Hinh 1b), d6 rong caa mau TbPO,.H,O (1/15) lai giam dan,
con khoang 10 + 30 nm. Véi sy ¢ mat ciia TSCD va ti 1é Th¥/PO,* bang 1/1, Hinh 1c, mau TbPO,.H,0
(1/1)-TSCD c6 dang khéi chir nhat, chiéu dai khoang 80 + 150 nm va chiéu rong khoang 30 + 80 nm. Ciing
Vé6i su ¢ mit cia TSCD nhung & ti 1¢ 1/15 (Hinh 1d), hinh thai hoc cia mau ThPO4.H,0 (1/15)-TSCD lai
chuyén sang dang con nhong vai chiéu dai khoang 30 + 80 nm va chiéu rong khoang 20 + 50 nm.

Qua anh FESEM cho thdy, bang phwong phap tong hop héa wot vai sy thay déi ham lwong céc nguyén
t6 va sy c6 mat cua tri-sodium citrate dihydrate TSCD, c6 thé diéu chinh dugc hinh thai hoc cua vat ligu
ThPO4-H20.

3.2. Cdu trac caa vt ligu

Hinh 2 trinh bay gian do nhiéu xa ciia TbPO4.H,0 cho thiy tat ca cAc mau nano phat quang ¢ cac diéu
kién ché tao khéc nhau déu co cac dinh nhiéu xa & tai cac goc 20: 15,4°; 20,8°; 26,1°; 30,2°; 32,4°; 38,8°;
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42,9 49,8° 53,2° 54,6°% 55,8° twong duong Vdi ciu tric hexagonal TbPO4.H,0, php hop véi thé chuan
JCPDS s6 20 - 1244. biéu nay chung to cac mau TbhPO..H,0 tong hop duge déu co cau tric hexagonal.

(1) ThPO,H,0 (1/1)

(2) THPO L0 (V1)-1SCD

(3) ThPOH,0 (1115)

(4) TbPO 1,0 (I/15)-TSCD
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2-Theta (do)
Hinh 2. Gidn dé nhiéu xa tia X cac mau nano TbPO4-H20 u nhiét ¢ 200 < trong 24 h

3.3. Tinh chdt phat quang czia vt ligu
D TUPOLILO (11
—2) I'hPl)l,Hj() (H1)1SCD

—— () TLPOILD (1115)
b A CR LGS KT S):I8CD

Cuing do (dvtd)

450 500 550 600 650
Buéce song (nm)

Hinh 3. Phé hupnh quang cua cac mau nano TbPO4-H20 u nhiét ¢ 200 T trong 24 gic

Véi muc dich tng dung trong y sinh, vat liéu phai c6 kich thudc nano, phat quang tot. Két hop cac nghién
ctru vé& hinh théi hoc, cdu tric, ching t6i tién hanh khao sét tinh chét phat quang cua cac vat liéu da dugc
tdng hop. Hinh 3 trinh bay két qua do phé phét xa huynh quang cia cac mau nano TbPO4-H,0 duoc ché
tao ¢ cac diéu kién khac nhau, u nhi¢t & 200°C trong 24 gi¢ voi bude song kich thich 355 nm. Cac mau vat
liéu tdng hop déu phat xa t6t viing 4nh sang xanh tai cac budc séng 488, 540, 585 va 618 nm lan luot tuong
{ing véi cac chuyén doi dic trung *Ds—'Fe, °Ds—'Fs, ®Ds—"F4 va *Ds—"F3 cua ion Th (I11), vach phat xa
manh nhat & 540 nm (&rng v&i chuyén doi 5Ds—7Fs). Tinh chat phat quang trong ving nhin thy nay 6 thé

lam tién dé quan trong cho viéc img dung vt liéu ThPO4-H0 dé nhén dang té bao trong danh dbu huynh
quang y sinh.

3.4. Khd nang g dung

Vit liégu ThPO,.H,O sau tong hop dugc chirc ning hoa, lién hop héa tao thanh phic hgp nano y sinh
TbPO,.H,0@silica-NH-FA. Phirc hop nay da str dung thir nghiém a vai té bao ung thu via MCF7 trong 24 gio
theo quy trinh thir nghiém tai Phong thi nghiém cua Vién cong nghé Sinh hoc Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam. Két qua thir nghiém dugc quan sat trén kinh hién vi huynh quang Olympus Scan"R
100X. Trén Hinh 4, té bao MCF7 1u véi phirc hop nano TbPO,.H,0@silica-NH-FA ¢6 phat xa anh sang xanh
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manh. Biéu nay cho thay vat liéu nano phat quang ThPO4-H,0 c6 trién vong ting dung dé phat hién té bao
ung thu in vitro.

) (@) (b)
Hinh 4. Anh te bao ung thu vii. MCF?7 doi chimg (a) va te bao MCF7u véi phiic hop nano
TbPO4.H0@silica-NH-FA (b) quan sat dudi Kinh hién vi dién tir huynh quang Olympus Scan”R 100X

4. Két luan

Bang phuong phap hoa uét, chung t6i da tong hop thanh cong cac vat liéu nano phat quang ThPO,4-H,0
vai hinh thai hoc khac nhau. Vt liéu tong hop duoc c6 dang thanh vai chiéu dai khoang 500 + 800 nm va do
rong khoang 20 + 50 nm, dang khéi chir nhat v6i chiéu dai khoang 80 + 150 nm va chiéu rong khoang 30
+ 80 nm, dang con nhdng c6 chiéu dai khoang 30 + 80 nm va chiéu rong khoang 20 + 50 nm.

Vit liéu nano ThPO4.H,0 c6 ciu tric hexagonal, phat huynh quang tét & anh sang xanh wng vai céc
chuyén doi dic trung 5Ds—"Fs, °Ds—"Fs, 5Ds—'F4 va 5Ds—"Fs ctia ion Th(I11). Két qua thir nghiém sir
dung vat liéu phic hop nano y sinh ¢6 chira ToPO4.H20 nudi ciy véi té bao ung thu MCF7 cho &nh sang
xanh manh. Vi tinh chat nay, vat liéu nano phét quang TbPO4.H,0 tong hop duoc c6 trién vong tng dung
trong danh diu huynh quang y sinh.
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ABSTRACT

Investigation of properties of TbPO4.H20 nanomaterials
for biomedical application

Le Thi Vinh%”, Vu Duy Thinh', Ha Thi Phuong*, Hoang Thi Khuyen??3,
Nguyen Manh Hung?, Nguyen Thu Ha?, Phan Dieu Hang*, and Tran Thu Huong?®
'Hanoi University of Mining and Geology
2Institute of Materials Science, Vietnam Academy of Science and Technology
3Graduate University of Science and Technology, Vietnam Academy of Science and Technology
Hanoi Medical University

In this paper, we report the achievements on synthesis of ThPO4.H,O nano materials by wet chemistry
method. The morphological observation, crystalline phase identification and luminescent properties of all
prepared samples were carried out by the way of using Field Emission Scanning Electron Microscopy
(FESEM), X-ray diffraction (XRD) and photoluminescence spectroscopy. The ThPO4.H,O nano materials
emitted strongly in green color at 540 nm. The size of nanorods has diameters in the range of 10 + 30 nm,
lengths in the range of 500 + 800 nm; the size of rectangular block form has diameters in the range of 30 =
80 nm, lengths in the range of 80 + 150 nm and the size of capsule form has diameters in the range of 20 +
50 nm, lengths in the range of 30 + 80 nm. This results can provide the TbPO4.H,O nano materials for
developing fluorescent label and image tool in biomedicine.

Keywords: TbPO4.H,O; nanorods; nanomaterials; nanoparticles; fluorescent labe.
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