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Published:  08/10/2024 ssential for the body. Here, we report the fabrication of ZnTiOz:Er**/Yb*

thin films via the hydrothermal method at 200°C for optical and biomedical

application. The morphology and structure of the material were investigated

KEYWORDS and analyzed using XRD, SEM, and Raman spectroscopy. Under 980 nm

ZnTiO3:Er3+’Yb3+ laser excitation, the ZnTiO3:Er3+ IYBb* film exhibited upconversion
luminescence from Er®* ion transitions, with emission peaks observed at 410,
480, 525, 545, and 660 nm. The upconversion luminescence was enhanced by
Kidney cell varying the doping concentration of Yb* ions. The optical intensity of the
Upconversion luminescence material demonstrated that its optical properties varied with the Yb*" doping
concentration. For the purpose of studying biomedical properties,
ZnTiOz:Er**/Yb® films were subjected to baby hamster kidney (BHK) cell
culture. After 48h, BHK cells exhibited good growth, indicating high
biocompatibility of the material. The obtained results suggest that the
material has potential applications in the optical and biomedical field.
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Ngay nhan bai:  03/8/2024 Vit li¢u img dung trong y sinh c6 yéu cau cao vé tinh chat va do tuong thich

sinh hoc cua no. Pé cai thién tinh twong thich sinh hoc, mot yéu cu can thiét

Ngay hoan thi¢n: 07/10/2024 3¢ phat trién 1 vat liéu y sinh phdi c6 thanh phan khong doc hai va can thiét
Ngay diing: 08/10/2024 cho co thé. 3;frong%nghlen clru nay, ching t6i bao cdo vé viéc ché tao mang

ZnTiO3: Er”’/ Yb™ bang phuong phap thily nhiét ¢ nhiét d¢ 200°C cho céac

| . tmg dung quang va y sinh. Hinh thai va céu tric ciia vat liéu da dugc nghién
TU KHOA clru va phan tich bang phuong phap XRD, SEM va Ramam. Dudi budc song
ZnTiOg:Er*Yb* kich thich laser 980 nm, mang ZnTiOs: Er3+7/ Yb** hién thi phat xa chuyén déi
ngugc tir ion Er’* chuyén tiép, voi cac phd phat xa mau xanh va do & 410,

Pl}uong phap thiy nhiét 480, 525, 545 va 660 nm. Sy phat xa chuyén d6i nguoc dugc ting cuong bing
Te bao than céch thay doi khdi lugng pha tap ion Yb*. Cuong do quang hoc ctia vat ligu
Quang chuyén déi nguoc cho thiy tinh chét quang thay d6i theo ndng do pha tap Yb*'. V&i muc dich
Erbi nghlen ctru tinh chat y sinh, mang ZnTiOj: Er/ Yb* da dugc thir nghiém

nudi cdy te'bao than chudt (BHK). Sau thoi gian 48h nudi cay té bao BHK
phat trién t6t, cho thay vat liéu c6 tinh tuong thich sinh hoc cao. Véi cac két
qua thu dugc cho thay vat li€u co6 tiém nang ing dung quang va y sinh.
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1. Gioi thigu

Trong nhirng nim gin ddy, nhu cau cao trong linh vic khoa hoc y sinh di thu hat s quan
tam cua nhiéu nha khoa hoc. Cong dong khoa hoc dang tién hanh nhiéu cong trinh nghién cuu
chuyén sau dé diéu chinh cac yéu cau vé kim loai, hop kim vé do bén, d6 6n dinh co hoc va céac
didc tinh sinh hoc. Céc tinh chat vé& bé mat, hoa hoc bé mit, ning lugng bé mat va kha ning
tham wot bé mat dong vai tro quan trong trong cac ung dung y sinh [1]. Do dé, cac nha khoa
hoc da va dang tap trung nghién ciu vé cac vat liéu hinh thanh 16p mang trén dé titan nhu
TiO,, CaTi03, va ZnTiOs.

ZnTiO; 1a vat liéu da chirc ning, vat liéu nay co cac dic tinh ndi troi nhu quang hoc, hang s6
dién moi cao, sat dién, 6n dinh hoa hoc, ton that dién moéi it, chi phi thap va than thién véi moi
treong. Khi vat liéu giam t6i kich thude nano cac tinh chéat doc dao cua vat liéu nhu dién tir [2],
quang hoc, quang xuc tac [3], hoa hoc [4] va khang khuan [5] c6 thé s& khac véi vat ligu kich
thugc lon. Kém Titanate (ZnTiOs) 1a loai perovskite gan day duoc gidi thiéu nhu mot vat liéu hitu
ich cho cac ung dung y sinh [6]. Zn 1a nguyén t6 vi luong thlet yéu trong co thé sdng va 1a nguyén
t6 can thiét cho cac qua trinh chuyen hoa co ban cua co thé sbng nhu thanh mach mau, tao Xuong
va stra chira mo. Ngoai ra, Zn*" tao vi moi truong Chong viém. Ngoai ra, Zn con dugc phat trién
lam vat li¢u Cay ghép trong hdn hop véi hydroxyapatite cho cac tng dung y sinh [7].

Kim loai dét hiém Er*" va Yb*" da dugc sir dung dé pha tap vao vét ligu nén ZnTiO;. lon Er™*
va Yb* c6 tinh chat quang Chuyen d6i ngugc (UC) ndi troi trong nhiéu vat liéu quang [8], [9]. Vat
liéu c6 tinh chat quang UC rat phu hop cho wng dung y sinh véi loi thé c6 ngudn kich thich & ving
hong ngoai dugc cho 1 an toan véi co thé con nguoi [10].

ZnTiOs:Er¥/Yb* ciing da duoc ching minh 13 mot vat lidu ¢ tinh tuong thich sinh hoc tiém
nang. No da duoc dé xuat dé thuc day sy phat trién ciia cc tinh thé nhu xuong (apatite) trong dich
thé mo phong [11], [12]. Tinh twong thich sinh hoc duoc thé hién rd qua do bam dinh cua té bao
trén bé mit mau trong mdi truong nudi cay in vitro.

Muc dich cua nghién ctru nay 1a tong hop thanh cong ZnTiOg: Er¥*/Yb* bang phuong phap
thity nhiét. Nghién ctru 1am sang to cac tinh chat quang chuyén doi nguoc ciia vat liéu khi dong
pha tap voi ion Er**/Yb®. Tinh twong thich sinh hoc cua VAt ligu ZnTiOgEr™ IYb* dugc thir
nghiém qua nghién ctru tuong tac cua Mau Vi té bao than chudt (BHK) trong méi truong nudi ciy
48h. Tur tinh chat quang noi trdi va tinh twong thich sinh hoc cho thy vat liéu c6 tiém ning ung
dung trong d4nh dau y sinh cta vat liéu cay ghép trén co so titan.

2. Thuc nghiém
2.1. Quy trinh thwc nghié¢m

Vit liéu mang ZnTiOg:! Er¥*/Yb* duoc téng hop bang phuong phéap thiy nhiét véi cac tién
chét gom vat liéu mang TiO, phu tren nén titan (T1) NaOH, ZnC,;HgO.. 2HZO ErCl;.6H,0,
YbCl; va H,O. Mang TiO, phu trén nén Ti duoc ché tao bang phuong phap anot héa nhu dugc
cong bd & cong trinh trudc ciia nhom [13]. Trong nghién ctru nay, ching toi c¢d dinh ham luong
Er® va thay d6i ham lugng ion Yb*" dé diéu chinh hinh thai va tinh chit quang cta vat lidu. Quy
trinh ché tao dwgc mo ta chi tiét nhu sau: Dau tién hoa tan NaOH vao 10 ml nuée cit duge dung
trong coc thity tinh 50 ml, khudy déu bang khudy tir cho tan hét dugc cdc dung dich 1. Sau do,
cho ZnC4Hg04.2H,0 vao 40 ml nude cat khudy déu bang may khudy tir cho dén khi tan hét dugc
cbe dung dich 2. Tiép theo, tron 2 ce dung dich di 1am xong & trén vao v6i nhau va khudy tiép
trong vong 5 phut thu duoc dung dich hdn hgp. Hai ion dat hiém Er** va Yb** duoc st dung hoa
tan trong H,O véi ti 1¢ 1 mg = 0,5 ml H,0, sau d6 khudy déu cho tan hét rdi nho dung dich nay
vao dung dich hdn hop, tiép tuc khudy trong vong 1h. Trong nghién ciru ndy chung toi thay doi
khéi lwong Yb** tir 60 dén 80 mg. Sau khi thu duoc dung dich sau 1h khudy, cho dung dich vao
binh teflon c6 bo sin tim TiO, phii 1én Ti. Thiy nhiét hon hop trong 10 nung & nhiét do 200 °C
trong vong 24h. Cubi cing khi thiy nhiét xong, liy tdm ZnTiOz:Er**/Yb* ra khoi binh teflon,
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dem rira lai bang nudc cit va rung siéu 4m trong 1 phut dé loai bo hoa chat con du thira trén tAm.
Tiép dén nung tam ZnTiOz:Er*"/Yb* nay trong 2h & 800 °C.

2.2. Phwong phdp phdn tich

Dé xac 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 cta vat lidu ciing dugc phan
tich bang hé may hién vi dién tir quét (SEM, JSM-6700F, JEOL). Tinh chit quang cua vat liéu
duoc phan tich bang thiét bi NanoLog (Horiba Jobin Yvon) sir dung nguén kich thich laser 980
nm. Tinh chét y sinh, tinh bam dinh té bao dwgc nghién ciru bang cach thir nghiém maiu trong
mdi trudng nudi cdy in vitro sir dung té bao than chudt (BHK) & thoi gian nudi ciy 1a 48h. Mau
sau thoi gian nudi cdy duoc ¢ dinh sir dung 4% faraformaldehyde. Huynh quang nhan va thanh
té bao ctia mau dugc nhuém DAPI va phalloidin. Mau sau khi nhuom duogc dat 1én lam kinh va
quan sat du6i kinh hién vi laser quét hoi tu dong tiéu (FV3000RS, Olumpus).

3. Két qua va ban luan
3.1. Hinh thdi cdu triic ciia Vit ligu

Gian d6 XRD cta mang ZnTiOz:Er¥*/Yb* dugc nung & nhiét 800 °C dugc trinh bay trong
Hinh 1. Quan sat cac dinh nhidu xa ctia cac mau cho thiy vat liéu pht hop v&i thé chudn ZnTiO,
56 025-0671 c6 cau traic Rhombohedral. Vat liéu ¢6 cac dinh nhiéu xa & vi tri 20 = 23,42°, 27,37°,
33,16°, 40,91°, 49,59°, 71,07° duwgc quan sat sic nét. Ngoai ra, c¢o xudt hién cac dinh nhiéu xa cua

TiO,, diéu nay la do viéc da st dung vat li€u mang TiO, trén dé Ti @ ché tao mang
ZnTiOgEr*/Yb*,

# InTiO, ZnTiO,: 30Er™ - 60Yb™
o TiO,
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Hinh 1. XRD ciia vt liéu ZnTiO3:Er**[Yb**
Hinh thai ciu tric vét liéu da duoc tién hanh quan sat bang kinh hién vi dién tir SEM thé hién
& Hinh 2. TUr Hinh 2(a-b) cho thay, khi chwa pha tap d4t hiém bé mat mang ZnTiO; c¢6 cau tric
micronano dang 14 xép sat nhau, kich thuéc dong déu trung binh khoang 500 nm. Chung xép
chdng 1én nhau tao thanh nhimg khe, 16 tuong dbi 16m. Hinh 2(b-c) sau khi ddng pha tap
Er3+/Yb3 trén mang nén ZnTiOj; thi bit ddu xuat hién cac cau trac méi so véi ltc chua pha tap.
Céac cAu trac dang 14 tr¢ thanh cac hat két dam lai v6i nhau trén mang tao thanh cAu tric c6 dang
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x6p. Cac hat tuong d01 dong deu kich thugc khoang 100 nm. Vi cAu trac dic biét nay s& giup
vat liéu tang do xop yeu to do XOp rat can thiét trong vat liéu y sinh.

Hinh 2. SEM cua vt liéu (a- b) mang ZnTiOs, (c d) ZnT|03 30Er** /60Yb3+

) bé khang dinh them da ché tao thanh cong vat heu, ZnTiO3:Er** /YD* mau nghién ciru dugc
tién hanh do Raman nham quan sat cac dao dong lién keét cua vat li¢u.

354 550

ZnTi04:30Er*/60Yb™
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Hinh 3. Phé Raman cia mdng ZnTiO5:Er** | Yb¥* véi luong Yb** pha tap khdc nhau

Hinh 3 cho thdy ph6 Raman ctia miu ZnTiOg:Er*" /Yb®" dugc do trong ving tir 200 cm™ dén
900 cm? cho thay pho Raman cua cac mau déu co6 5 dinh tai s6 song 287, 354, 550, 688, 779 em’,
ngoai ra con co cac ché do hoat dong khac cua Raman nhung kha néng phan cuc thap cua ching
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nén trong diéu kién thuong khong thé quan sat thiy. Hinh dang va cac dinh ctia phé Raman twong
g v6i cac mdt dao dong kéo dai trong pha cua (Zn-TiOs) tai ving 287 va 354 cm™ [14]. Ngoai
ra, cac dai duoc quan sat & ~550 va 688 cm™ c6 thé 1a do ché d6 rung udn O-Ti-O. Ddi véi dinh
pho con lai & 779 cm™ tuong tmg v6i dao dong xoan TiOg [14].

3.2. Tinh chdt quang cia vdt ligu

Dé hiéu 5 vé tinh chit quang cua vat lidu ching to1 da tién hanh do phd phat xa chuyen doi
ngugc voi bude song kich thich & 980 nm ddi véi 2 mau c¢b dinh khéi lugng Er®* va thay ddi khdi
luong pha tap Yb**. Tir Hinh 4 cho thiy, khi thay doi khdi lwong pha tap Yb** thi cuong d6 phat
quang cua vat liéu cling thay ddi. Cu thé, khi ting khdi lwong pha tap Yb®* tir 60 1én 80 mg,
cuong do phat quang giam, hién tuong nay dugc cho 1a su dap tat huynh quang theo nong d6. Ca
2 miu déu cho phat quang o hai dai buoc song la 523-550 nm (phat xa mau xanh lyuc) tuong g
V01 cac chuyen doi H11/2 — g Va 4S5, — I15,2 Va 650 — 680 nm (phat xa mau do) tuong ung
v6i qua trinh chuyén doi Fg/z — 1355, ctia ion Er¥* va Yb* Su tang phat xa xanh luc va dé thé
hién trong hinh 1a do su truyén niang lwong hiéu qua cua Er** va Yb** trong ZnTiO;. Tinh chat
quang chuyén ddi nguoc véi bude song kich thich & 980 nm nay, c6 thé dap mg dugc muyc tiéu
g dung trong y sinh, dic biét 1a danh dau huynh quang y sinh cua vt liéu cay ghép trén co s¢
titan gitp cac bac sy nhén biét duoc vi tri chi tiét cdy ghép trong qua trinh phau thuat va kiém tra
hau phau.

ZnTi04:30Er**/60Yb**

‘Fsvz iy ‘|1yz

ZnTi03:30Er**/80Yb%*

Cwérng 46 (a.u)

500 550 600 650 700 750
Buwéc séng (nm)
Hinh 4. Phé UC ciia vit liéu ZnTiO5:Er¥*IYD* véi luong Yb* pha tap khdc nhau
3.3. Tinh chit y sinh ciia vit liéu

Dé biét rang vat liéu co do tuong thich sinh hoc, va c6 kha nang dap ng nhu cau ing dung
trong y sinh, tién hanh nuoi thir nghiém té bao than BHK trong vong 48h. Trén co s¢ két qua &
trén, mau ZnTiOs: 30Er** /60Yb* dugc chon 1am mAu dai dién dé thir nghiém tinh twong thich
sinh hoc. Sau khi nudi té bao thanh cong, té bao bam dinh 1én vat liu ZnTiOs: Er®" /Yb3+ duoc
quan sat bang kinh hién vi laser quét hoi tu dong tiéu. Hinh 5 cho thay rang té bao song va phat
trién tot trén bé mit vat liéu Ti va ZnTiOs: Er* /Yb*. Bén canh do, cling 6 thdy rang doi v6i vat
liéu ZnTiOz:Er® /Yb3+ té bao phat trién t8t hon, bam trén toan bd bé mat vat lidu. Két qua nay
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cho thay vat lidu ZnTiOs:Er** /Yb* khéng c6 doc tinh. Vit liéu ZnTiOs:Er** /YD* ¢o d6 tuwong
thich sinh cao, dap tng dugc muc tiéu ung dung trong y sinh.

s S . ®
s® ,.‘(‘b“ 4;’£ o

5o 9%V ol %,
i."&a- b AT

Hinh 5. Té bdo nuéi cdy trén mau sau 48h. (a) Ti va (b) ZnTiO5:30Er®* /60Yb™*.
4. Két luan

Vit liéu cua mang ZnTiO5Er** /Yb* dugc ché tao thanh cong 1én dé Ti biang phuong phép
thiry nhiét két hop véi nung & nhiét do 800°C cho wng dung trong y sinh. Vat liéu ché tao dwoc c6
ciu truc cac dang hat két dam kha ddng déu, cac hat c6 kich thudc khoang tir 100 nm. Phd raman
cua vt liéu ZnTiOz:Er* /Yb* ¢6 5 dinh dic trung tai s6 song 287, 354, 550, 688, 779 cm™ tuong
g Vvéi cac dao dong cua Zn-TiOs, O-Ti-O, TiOe. Bén canh do, vat lidu co tinh chat quang chuyén
ddi nguoc véi 2 hai dai phat xa 1a 523-550 nm (mau xanh) va 650-680 nm (mau do6). Té bao than
chudt (BHK) bam dinh tdt trén mau thir nghiém sau 48h nuéi cay. Tir cac két qua trén cho thay vat
liéu ZnTiOz:Er* /YD ¢6 tinh twong thich sinh hoc cao va ¢ tiém ning wng dung trong danh diu
y sinh cua vat liéu ciy ghép trén co so titan.

Lo&i cam on

Nghién curu nay duoc t;‘li tro béi B Gido duc va Pao tao trong chuong trinh dé tai khoa hoc
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