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perovskite-structured material coating was annealed at 800°C. The
The hydrothermal material forms flake-like structures with a fairly uniform size, with a
SITiO; flake thickness of about 2-5 nm and a flake size of about 3-6 um. Surface
Cell adhesion properties were investigated by contact angle measurement. The

SrTiOs:Er**/Yb® material exhibited significantly higher wettability

compared to Ti. A confocal laser scanning microscope (CLSM)

Titanium confirmed good adhesion of kidney cells to the test samples after 48
hours of culture. The results indicate that the SrTiO5:Er¥*/Yb®" thin films
possess promising biomedical properties, making them suitable for
biomedical implants.
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1. Gigi thiéu

Trong nhitng nam gan day, nghién ctru trong linh vyc vat liéu y sinh cho cac tng dung chinh
hinh da duoc tap trung dé phat trién cac phuong phap méi gitip vat liéu cay ghép tich hop tot hon
va hi¢u qua hon vao co thé. SrTiO; 1a vat liéu da chirc nang, vat li¢u nay c6 cac dac tinh to 1én nhu
quang hoc, hing sé dién méi cao, sit dién, 6n dinh hoa hoc, it ton that dién moéi, chi phi thap va
than thién v6i méi truong. Xem xét cac tng dung da dang va rong 16n ciia nd, mot sé tinh chat cua
SrTiO; da dugc nghién ciru lién quan dén cac ung dung trong cac linh vic khac nhau nhu quang
dién tur [1], [2], quang xuc tac [3], [4], va y sinh [5]. Strontium Titanate (SrTiOs) la loai perovskite
gan day duoc gici thiéu nhu mot vat liu hiru ich cho cac tng dung y sinh [6]. SrTiO; 1a mot chat
nén tét cho su tang truong apatite vi do dan dién va phan cuc ctia nd. Ngoai ra, SrTiO3 con dugc
phat trién 1am vat liéu cdy ghép trong hdn hop vai hydroxyapatite cho cac tng dung y sinh [7], [8].

Kim loai dat hiém Er**, Yb* da duoc st dung dé pha tap vao vat liéu nén SrTiO;. Kim loai dét
hiém Er®, Yb* co tinh chéit quang ndi troi trong nhiéu vat liéu quang hoc tuy nhién trong bai bao
nay ching toi chi nghién ciru tinh chat y sinh cua vat liéu. P6i vai tng dung cdy ghép y sinh vat
liéu co6 do xdp cao giup lam ting kha ning thim w6t cua vat liéu. Vat lidu trén co sé SrTiO; da
dugc chirg minh 12 mét vat liéu co tinh twong thich sinh hoc tiém ning [9]. SrTiO; ciing di duoc
ghi nhan c¢6 kha nang hinh thanh khoang xuong trong méi truong gia dich thé (SBF) [10], [11].

Muc dich ctia nghién ctru nay 1a t6ng hop thanh céng SrTiOs:Er" /Yb* Ién Ti bang phuong
phéap thay nhiét. Khao sat cdu triic va tinh chat cia mang. Tinh tuong thich sinh hoc cua vat liéu
SITiOz:Er* 1Yb® dugc ther nghiém qua nghién ciru twong tic ciia mau véi té bao than chuot
(BHK) trong méi truong nudi cy.

2. Thuc nghiém
2.1. Phwong phdp thuc nghiém

Vit liéu mang SrTiO5:Er* /Yb® duoc tong hop bang phuong phap thiy nhiét véi cac tién
chét gém: vat liéu mang TiO, phu trén nén Ti, NaOH, Sr(OH),, ErCls.6H,0, YbCl; va H,0.
Mang TiO, phu trén nén Ti dugc ché tao bang phuong phap andt hoa nhu duogc cong bd & cong
trinh trudc ctia nhém [12]. Trong nghién ciru nay, chiing t6i ¢d dinh ham lwong Er®* va thay doi
ham luong ion Yb* dé diéu chinh hinh thai cua vat liéu. Quy trinh ché tao dugc mo ta chi tiét nhu
sau: Pau tién hoa tan NaOH vao 10 ml nudc cit duoc dung trong cde thily tinh 50 ml, khudy déu
bang khudy tir cho tan hét dugc coc dung dich 1. Sau d6, cho 7,4 mg Sr(OH), vao 40 ml nudc cat
khuay déu bang may khudy tir cho dén khi tan hét dugc cde dung dich 2. Tiép theo, tron 2 cde dung
dich da lam xong ¢ trén vao v4i nhau va khudy tiép trong vong 5 phut thu dugc hdn hop A. Dé pha
tap Er¥/Yb* vao tién hanh pha dung dich ErCl;.6H,0 va YbCl; vai ti le 1 mg=0,5 ml H,O, sau d6
khudy déu cho tan hét roi nho tir tir dung dich nay vao hén hop A, tiép tuc khudy trong vong lh.
Trong nghién ctru ndy ching t6i thay d6i ndng d6 Yb* tir 0,5% dén 2%. Sau 1h khudy, cho dung
dich vao binh teflon c¢6 dé sin tim TiO, phu 1én Ti. Thiy nhi¢t hdn hop trong 10 nung & nhiét do
200 °C trong vong 24h. Cubi cung khi thuy nhiét xong, liy tam SrTiOz:Er** /Yb® ra khoi binh
teflon, dem rura lai bang nudc cat va rung siéu 4m trong 1 phut dé loai bo hoa chat con du thira trén
tam. Tiép dén nung tdm SrTiOs:Er¥ /Yb* nay trong 2h & 800 °C.

2.2. Phwong phdp phdn tich

Dé xéc dinh do tinh khiét ciia mang vat lidu sau khi ché tao duoc kiém tra bang phép do XRD
(D8-Advance, Bruker), micro-Raman (Renishaw). Hinh thai cAu trac cua vat lidu cing dugc phén
tich bang hé may hién vi dién tir quét (SEM, JSM-6700F,  JEOL). Tinh ua nudc cua mau duge do
bang goc thdm wét. Tinh chat y sinh, tinh bam dinh té bao dwoc nghién ctru bang cach thir
nghiém mau trong moi truong nudi céy in vitro str dung té bao than chudt (BHK) & thoi gian nudi
cdy la 48h. Mau sau thoi gian nuéi cdy duoc c¢b dinh st dung 4% faraformaldehyde. Huynh
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quang nhan va thanh té bao ctia mau dugc nhuom DAPT va phalloidin. Mau sau khi nhuém duge
dat 1én lam kinh va quan sat dudi kinh hién vi laser quét hdi tu dong ti€u (FV3000RS, Olumpus).
3. Két qua va thio luin
3.1. Céu triic tinh thé ciia vit ligu

Hinh 1 trinh bay gidn do nhiéu xa XRD cua SrTiO:Er’" /Yb®" tong hop béng phuong phap
thuy nhiét voi cac nong do pha tap Yb* khac nhau. Quan sat cac dinh nhleu xa cua cac mau cho
thdy vat liéu phu hop v6i thé chuan SrTiO; 1a JCPDS s 01-074-1296 c6 céu trac mang tinh thé
truc thoi thugc nhom khong gian Pbnm ¢6 cac goc a = f =y = 90°C. Cac dinh nhiéu xa ¢ vi tri
20 =22,8°% 32,4° 40,1°% 46,5°; 58,07° dugc quan sat sdc nét, tuong tmg voi cac mat Miller (002),

(110), (111) (200), (211). Ngoai ra, c6 xue}t hién céac dinh nhidu xa cta TiO,, diéu nay 1a do viéc
da sir dung vat liéu mang TiO, trén dé Ti dé ché tao mang StTiOg:Er** /Yb*.

* SrTio, °TiO, Er*/2%Yb3*

Er¥/ 1%Yb**

Er3*/ 0.5%Yb3*
IO W Y W

| JCPDS 01-074-1296

Cuong dg (dvty)

1 . ] I el L,
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Géc 20(°)
Hinh 1. Phé XRD cia mang SrTiOs:Er®* IYb*" 6 cic nong do pha tap Yb** khdc nhau
tuong ung la 0,5; 1; 2%

Hinh 2. Anh SEM ciia vit lleu (a) mang TiO,, (b) 0,5% Yb3+ (c) 1% Yb3+ (d) 2% Yb**
ciia mang SrTiOz:Er**IYb>
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Dé danh gia cu thé hon vé kich thudc, cdu tric va hinh thai ctia mau SrTiOs:Er** /Yb® & cac
nong d6 pha tap Yb* khac nhau mau nghién ctru duoc tién hanh chup anh SEM. Hinh thai hoc bé
mat va kich thudc cua vat liéu TiO, va SrTiOz:Er**/Yb** duoc thé hién trong hinh 2. Hinh 2(a) cho
thdy vat liéu TiO, c6 cau trac dang ng tuong d6i dong déu véi duong kinh 16 6ng khoang 5-50
nm. Cac mang SrTiOz:Er** /Yb* ché tao duogc thé hién ¢ hinh 2(b-c). Anh SEM ciia cac mau véi
ndng d6 pha tap Yb** khac nhau tir 0,5% dén 2% cho thay hinh thai bé mat vat liéu co dang tua
nhu cac vy co kich thuéc nano xép chong 1én nhau. O ndng do pha tap 1a 0,5% Yb** cac 16p
mang bat dau hinh thanh kha day c6 nhiéu 16p xép chdng 1én nhau c6 kich thudc mang khoang vai
tram nm, hinh 2 (b). Tuy nhién khi ting ndng d6 pha tap 1én 1 — 2% Yb** hinh dang cac 16p mang
1d rang va mong hon. Kich thuéc kha dong déu, c6 chiéu day thanh vay khoang tir 2 - 5 nm va
kich thuéc vay khoang 3 -6 um.

3.2. Tinh twong thich sinh hoc ciia vit liéu

Phép do goc tham uét sir dung nudée khir ion nho trén bé mat vt liéu cho thiy goc thim u6t bé
mat cua vat liu mang SrTiOs! Er®* /Yb** & cac ndng d6 Yb* khac nhau thip hon so véi nén Ti
(Hinh 3). Diéu nay chi ra ring bé mat mang SrTiOz:Er** /Yb* ¢ tinh va nuéc vuot troi. Pang chu
¥, c6 su khac biét dang ké vé& goc thAm wot gitra nén Ti, va mang SrTiOs:Er®* IYb*. Géc thém ot
cua Ti, SITiOEr**/0,5%Yb*, SrTiOsEr*/1%Yb¥, va SrTiOzEr**/2%Yb* co gi4 tri lin luot 13
55,9% 15,5% 14,5° va 7,7°. Dic biét trong nghién ctru ndy cho thdy kha ning wa nuéc cua vat liéu
con phu thude vao ndng do ion dat hiém Yb*" déng pha tap. Trén co s& két qua nay, mau SrTiOs:
Er®* 12%Yb* duoc chon 1am mau dai dién dé thur nghiém tinh twong thich sinh hoc.

Hinh 3. Gdc tham w6t ciia (a) SrTiOs: Er**/0,5%Yb%", (b) SrTiOs: Er¥*/1%Yb®,
(c) SrTiOs: Er**/2%Yb*, va (d) Ti
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Kinh hién vi laser quét hoi tu ddng tiéu duogc sir dung dé kiém tra trang thai phat trién va phan
b cua té bao cdy trén vt lidu. Hinh 4 1a két qua nudi cdy té bao than chudt (BHK) trén miu vat
liéu trong vong 48h. Hinh 4a thé hién nhan té bao duoc quan sat thdy 1a mau xanh. Bén canh do,
mau do 1a thanh té bao dugc thé hién & hinh 4b. Sau 48h té bao trén vat lidu SrTiOs:Er** /Yb*
phat trién t6t trén nén vat liéu. Hinh 4c thé hién rd cac té bao song tt trén vat liéu, cac thanh té
bao bao xung quanh nhan té bao, khang dinh rang vét liéu khong c6 doc tinh. Két qua nghién ctru
trong tac cia té bao trén mau vat liéu SrTiOgEr** /Yb* di cho thiy rang vat liéu
SrTiOs:Er** /Yb* ¢6 tinh twong thich sinh hoc.

Hinh 4. T¢ bao nudi cdy trén pwfu SrTiOz:Er** [Yh** sau 48h
(a) nhan té bao, (b) thanh té bao (c) nhan va thanh té bao

4. Két luan

Vit liéu cia mang SrTiOz:Er* /Yb* dugc ché tao thanh cong Ién dé Ti bang phuong phap thuy
nhiét két hop véi nung ¢ nhiét do 800°C cho tng dung trong ciy ghép y sinh. Vit liéu ché tao
dugc ¢o cau tric cac mang vay kha dong déu, co chiéu day thanh vay khoang tir 2 - 5 nm va kich
thuéc vay khoang 3 -6 um. Goc tham wét caa vat lieu SrTiOzEr®* /Yb®* thap hon so véi nén Ti.
Ngoai ra khi tang ndng do pha tap Yb** 6 goc thim wét giam. Té bao than chudt (BHK) bam dinh
t6t trén mau thir nghiém sau 48h nudi cay Tir cc két qua trén cho thiy vat liéu SrTiOs:Er®* /Yb*
¢6 tinh twong thich sinh hoc cao va co tiém ning wng dung trong ciy ghép y sinh.
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