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ANH HUONG CUA TRI-SODIUM CITRATE DIHYDRATE PEN HINH THAI
HQC, TINH CHAT QUANG CUA VAT LIEU NANO PHAT QUANG ThPO4.Hz0
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TOM TAT

Vit liéu nano phat quang chira ion dat hiém véi d6 on dinh cao, dé ché tao, d& chirc ning hoa bé
mat va than thién moi truong rat hitu ich cho @ng dung trong y sinh. Trong bai bao nay, ching toi
trinh bay mot s két qua khao sat anh hudng cua tri-sodium citrate dihydrate dén hinh thai hoc,
tinh chat quang ctia vat liéu nano phat quang ThPO4.H,0O dugc tong hop bang phuong phap héa
w6t. Kich thudc, hinh thai hoc va tinh chat quang cua chiing duoc quan sat trén kinh hién vi dién tir
phat trudng, phd tan xa nang lugng EDX, hé do nhidu xa tia X va phé huynh quang. Vit liéu nano
TbPO4.H20 c6 dang thanh véi d6 dai tir 500 + 800 nm va d6 rong tir 50 + 80 nm. Su ¢6 mat cua tri-
sodium citrate dihydrate (0,1M) da lam thay déi hinh thai hoc cua vat liéu tir dang thanh sang dang
khéi chix nhat (chiéu dai ngan hon tir 100 + 200 nm, chiéu rong tir 10 + 30 nm) va cai thién kha
nang phat quang cua chung. Vit liéu nano TbPO4.H20 phat xa &nh sang xanh tai budc song 488;
540; 585 va 618 nm tmg v&i cac chuyén doi ddc trung 5Ds-"Fj (J = 6, 5, 4, 3) clia ion Tb3. Két qua
cho thay vat liéu nano ThPO,4.H,0 c6 kha ning (ing dung trong danh diu huynh quang y sinh.

T khoa: Khoa hoc vit liéu, vt liéu nano; phat quang; TbPO4.H20; dang thanh.
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ABSTRACT
Luminescent materials doped with rare earth ions which have advantages of high stability, non-
complex fabrication, easy surface functionalization, friendly to environment have been very
promising materials in biomedical applications. In this report, we present a number of results
achieved of the effect of tri-sodium citrate dihydrate agents on morphology and optical properties of
TbPO4.H,O nanophosphors. These nanophosphors were successfully synthesised using wet
chemistry techniques. Morphological, structure and optical properties of ThPO4.H,O nanophosphors
were investigated by field emission scanning electron microscopy, energy-dispersive X-ray, X-ray
diffraction and photoluminescence spectroscopy. The mean size of TbhPO..H,O nanorods is about 50
+ 80 nm in diameter and 500 + 800 nm in length. The presence of tri-sodium citrate dihydrate (0.1M)
have changed the morphology of the nanophosphors from a rods to a rectangular form (with a length
of about 100 + 200 nm and a width of about 10 + 30 nm) and improve the luminescent ability of the
nanophosphors. The green emission spectrum of TbPO4.H.O nanophosphors is composed of four
well-resolved peaks at 488 nm, 540 nm, 585 nm and 618 nm, which correspond to the 5D4-"F; (J = 6,
5, 4, 3) transitions of Tb%" ions. These results show high potential application of TbPO4.H,O
nanophosphors for the development of fluorescent labelling in biomedicine.
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1. Gi6i thi¢u

Trong nhiing niam gan day, két qua s dung
vat li€u nano phat quang trong sinh hoc va y
hoc da dat nhitng thanh tyu cé tinh dét pha
thu hat dugc sy quan tam cta cac nha khoa
hoc trén thé giéi va trong nuéc [1]-[6]. Vi
nhitng uu diém ndi bat nhu do 6n dinh cao;
phéat quang manh; d& ché tao; d& chuc nang
hoa va than thién v&i moi truong, Cac vat liéu
nano phat quang thuong duge st dung nhiéu
trong danh dau huynh quang, lam cam bién
trong xét nghiém va chan doan [7]-[12]. Trén
co s& d6, mot sé nhom cac nha khoa hoc &
Viét Nam ciing da tap trung nghién ctru hé vat
liéu phat quang chira cac nguyén to Eu, Tb,
Yb, Er va da dat dugc mot sé két qua ban dau
[13]-[17]. Pac biét, vat liéu nano chia ion
Th** dét hiém c6 do 6n dinh cao, dé ché tao va
dé chirc ning hoa, phat quang ving mau xanh.
Vi vay, chlng cd trién vong lén trong viéc
dua vao té bao sinh hoc, tng dung 1am tac nhan
danh dau huynh quang y sinh [18]-[20]. Tuy
nhién, viéc khao sat hinh thai hoc, tang hi¢u
qua phat quang cua vat liéu nano chia ion
Tb®* con chua duoc d& cép nhiéu. Vi viy, viéc
trién khai cac nghién ciru tong hop vat liéu
nano chaa ion Tb* c6 thé diéu khién duoc &
kich thuéc nano va cai thién kha ning phat
quang cia vat lidu nham tng dung trong y
sinh 14 rat can thiét. Trong bai bao nay, ching
t6i thong bdo mot sb két qua ban diu vé
nghién ctu tong hop vat liéu nano
TbPOsH,O st dung tri-sodium citrate
dihydrate bang phwong phap hoa uét. Hinh
thai hoc, cau trdc va tinh chat quang cua vat liéu
duoc x4c dinh bang kinh hién vi dién tir phat
truong, phan tich nhiu xa tia X, phd tan xa
nang lugng (EDX) va phd huynh quang. Cac
két qua cho thay, tri-sodium citrate dihydrate
c6 kha ning thay ddi hinh thai hoc va ting
cuong cuong do phat quang cua vat liéu. Vat
liu téng hop dugc phét quang manh trong
ving mau xanh tng véi cac chuyén doi dic
trung °Ds-'Fj (J = 6, 5, 4, 3) ctia ion Tb** ¢cb
thé ung dung lam tac nhan danh diu huynh
quang nhan dang trong y sinh.

2. Thuc nghiém

2.1. Héa chit

Céc hoa chat duoc st dung trong qua trinh tong
hop vat liéu: Tb(NOsz)s.H2O (Aldrich, 99,9%),
NH4sH.POs (Merck, 99%), NH.OH (25%),
NaOH (Merck), C¢HsNazO7.2H,0 (tri-sodium
citrate dihydrate) (Merck, 99%) va C,HsOH
(Merck, 96%).

2.2. Phwong phdp chudn bi miu

Vit ligu nano ThPO4.H,0 duoc ché tao bang
phuong phap héa uét. Quy trinh tong hop
duoc mo ta nhu sau: Cho vao binh cau 50 ml
dung dich Tb(NOs)3 0,025 M; 50 ml dung dich
NHsH,PO4 0,025 M; CeHsNazO7.2H,O vai
ndng d6 mol thay ddi tir 0,025M dén 0,1M va
khudy trong 6 gid. Hon hop san phim sau khi
da diéu chinh pH (pH= 5 + 6) bang dung dich
NH4OH tiép tuc dugc thiy nhiét trong 24 gioy
& 200°C. San pham thu dwoc li tim, rira sach
bang nudc khir ion va sdy & 60°C trong 24 gid.
Kich thudc, hinh thai hoc, ciu trdc cua vat liéu
duoc quan sat trén kinh hién vi dién to phat
truong (FESEM, Hitachi), hé do nhiéu xa tia X
(Siemens D5000 véi A = 1,5406 A). Pho
huynh quang dugc do trén hé IHR 550
HORIBA véi budc song kich thich 355 nm.

3. Két qua va thao luin

HO
0

Hinh 1. Cau triic phdn tirtri-sodium citrate dihydrate

Tri-sodium citrate dihydrate c6 cong thic:
CsHsNaz07.2H,0 (Hinh 1). Pay 1a mubi natri
clia axit citric két hop voi hai phan tir nudc.
Chung t6n tai & dang tinh thé, tan nhiéu trong
nude (92 g/100 g H20) va kha bén véi nhiét
(khoang 300°C méi bat diu bi phan hiy). Hon
nira, citrat con c6 thé dong vai trd nhu tac
nhan kiém, tac nhan dém, tic nhan tach hodc
¢6 thé 1am chat nhii hoa nén mudi nay thuong
dugc dung nhiéu trong cac nghién ctru vé sinh
hoc. Vi vay, chung t6i da sir dung tri-sodium
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citrate dihydrate dé tong hop vat liéu co thé
diéu khién hinh thai hoc va ting cuong tinh
chit quang ciia vat liéu.

500nm

' 500nm

(d)

Hinh 2. Anh FESEM ciia mau nano phét quang
TbPO4.H,0 (a) va TbPO4.H;0 vdi tri-sodium
citrate dihydrate 0,025M (b); 0,05M (c); 0,1M (d)
u o 200°C, 24 gio.

Hinh thai hoc cua cac mau nano phat quang
TbPO4.H20 (a) va ThPO4.H20 véi tri-sodium

citrate dihydrate ¢ néng d6 0,025M (b);
0,05M (c) va 0,AM (d) dugc u & 200°C trong
24 gid duoc trinh bay trén hinh 2. Anh
FESEM cta mau ThPO.,.H.O trong hinh 2a
khi khéng co tri-sodium citrate dihydrate, vat
lidu dwoc hinh thanh c6 dang thanh véi chiéu
dai khoang 500 + 800 nm va do rong khoang
50 + 80 nm. Khi ¢6 mit cua tri-sodium citrate
dihydrate voi nong do mol thay doi tir 0,05M
Ién 0,1M, vat li¢u thu dugc c6 dang thanh
ngan hon va chuyén dan sang dang khdi chir
nhat véi chiéu dai khoang 50 + 80 nm va
chiéu rong khoang 10 + 30 nm nhu trong hinh
2 (b, ¢, d). Piéu nay chiing to chat dém tri-
sodium citrate dihydrate c6 thé diéu chinh
duoc hinh thai hoc cia vat liéu TbPO4.H,0.
Dé x4c dinh thanh phin cic nguyén t6 trong
vt lidu tong hop dugc, chiing toi tién hanh do
phd EDX. Thanh phin cia mau nano
TbPO.4.H,0 véi tri-sodium citrate dihydrate
0,1M duoc thé hién trén hinh 3. Két qua cho
thdy trong thanh phan cua cic miu di tong
hop dugc c6 mat cac nguyén td Tb; P; O va
khong thay 1an tap chit la.

1 2 3 4
wll Scale 114 cbs Cursor: 14 365 keV (0 cts)

Hinh 3. Két qua phdn tich EDX ciia méau nano
TbhPQO4.H20 véi tri-sodium citrate dihydrate 0,1M

Két qua phan tich thanh phin nguyén té cua
mau ciing dugc trinh bay trong bang 1.

Bang 1. Két qua phdn tich EDX ciia mau
TbPO4.H20 vai tri-sodium citrate dihydrate 0,1M
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Nguyén t6  Khdilwong %  Nguyén tir %
o} 40,52 77,86
P 13,31 13,21
Tb 46,17 8,93
Téng sb 100,00 100,00
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Gian d6 nhifu xa tia X ctia mau nano phat
guang TbPO..H,0 khéng c6 tri-sodium citrate
dihydrate (duong 1) va cé tri-sodium citrate
dihydrate véi nong d6 0,025M (duong 2);
0,05M (duong 3); 0,1M (duong 4) G ¢ 200°C,
24 gi¢d dugc minh hoa trén hinh 4.

1000

800

600

400 &

Cuong do (dvtd)

200 -

= 2-Theta (do) A ®
Hinh 4. Gidn dé nhiéu xa tia X ciia mau nano phat
quang TbPO4.H20 (duong 1), ThPO4.H,0 cb tri-

sodium citrate dihydrate 0,025M (duong 2); 0,05M

(duwong 3)va 0,1M (duong 4) ¢ 200 °C, 24 gio

—2)

D - Fg — @ ToP0,
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T T
550 600 650
Bude song (nm)

T
450 500

Hinh 5. Phé hupnh quang ciia mdau nano phdt
quang TbPO4.H20 (1) va TbPO4.H20 vdi tri-
sodium citrate dihydrate 0,025M (2); 0,05M (3);
0,1M (4) v 6 200 °C, 24 gio

Quan sat trén gian do cho thay, tit ca cic miu
déu co6 cac dinh nhiu xa & tai cac goc 26:
15,4; 20,8; 26,1; 30,2; 32,4; 38,8; 42,9; 49,8;
53,2; 54,6; 55,8° tuong duong voi ciu tric
hexagonal TbPO,.H,O phui hop véi thé chuan
JCPDS s6 20-1244. Két qua cho thiy, cac
mau ThPO4.H20 tdng hop dugc déu co ciu
tric hexagonal. Hon nira, v&i sy ¢cO mat cua
tri-sodium citrate dihydrate & cac ndng d6 mol
khéac nhau, ta quan sat thdy d6 rong cac vach
tang. Piéu nay ciing phu hop khi kich thudc

clia cc thanh ngan lai. Ngoai ra, tir cac dinh
nhidu xa sic nét trong gian dd nhiéu xa tia X
¢6 thé nhan thdy riang cac mau déu duoc két
tinh t6t.

Yéu cau cia vat liéu dung dé ung dung trong y
sinh 1a vat li¢u phai c6 kich thudc nano, phat
quang tot. Két hop cac nghién ctru vé& hinh
thai hoc, ciu tric ciia vat liéu chung toi tién
hanh khao sat tinh chat phat quang cta céc
vat liéu néu trén. Hinh 5 trinh bay két qua do
phd phat xa huynh quang ctia mau nano
TbPO4.H,0 (duong 1) va TbPO4.H,0 Vi tri-
sodium citrate dihydrate 0,025M (duong 2);
0,05M (duong 3); 0,1M (duong 4) u ¢ 200°C,
24 gid v6i bude song kich thich 355 nm. Két
qua cho thdy, cac dinh phat xa trén cic miu
nam trong ving c6 bude song tir 400 dén 700
nm. Ca 4 miu vt liéu téng hop déu phat xa
t6t viing anh sang xanh tai cac budc song 488,
540, 585 va 618 nm lan lugt tuong ung voi
céc chuyén doi ddc trung °Ds—7Fs, °Ds—Fs,
5D4—>7F4 va 5D4—>7F3 cua ion Tb(HI), VaCh
phat xa manh nhat & 540 nm. Hon nita, cuong
do phat quang cua vat liéu nano TbPO..H,0O
véi tri-sodium citrate dihydrate (0,1M) cao
hon cuong do phat quang cua véat li€u nano
TbPO4.H,0 ¢6 ham lugng tri-sodium citrate
dihydrate thap va vat liéu TbPO4.H,O khéng
6 tri-sodium citrate dihydrate khi kich thich
tai budc song 355 nm. Sy tang cuong d6 phat
quang c6 thé do tri-sodium citrate dihydrate la
mdt chat hoat dong bé mit, cac anion citrate
o thé hép phu chon loc trén mét sb6 mat tinh
thé nano ThPO4.H20 din dén su ting tinh di
huéng. Piéu nay ching to chat dém tri-
sodium citrate dihydrate lam tang cuong do
phat quang cua vat liéu. Tinh chit phéat quang
trong ving nhin thiy nay lam tién d& quan
trong cho viéc tng dung vat liéu TbPO4.H0O
dé nhan dang té bao, virus trong danh diu
huynh quang y sinh.

4. Két luan

Pa tong hop thanh cong cac vét liéu nano
phat quang TbPO4.H,0 (a) va ThPO4.H20 vai
tri-sodium citrate dihydrate & cac nong do
0,025M; 0,05M va 0,1M ¢ 200°C, 24 gio
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bang phuong phap héa udt. Vai trd cua chat
dém tri-sodium citrate dihydrate da lam thay
ddi hinh thai hoc cua vat liéu tir dang thanh
(chiéu dai khoang 500 + 800 nm, do rong
khoang 50 + 80 nm) sang dang khdi chir nhat
(vai chiéu dai khoang 100 + 200 nm va chiéu
rong khoang 10 + 30 nm) va cai thién kha
nang phat quang cua chudng. Vat liéu nano
TbPO..H,0 dang khéi hinh chit nhat ¢ ciu
trdc hexagonal, phat huynh quang t6t & anh
sang xanh tng voi cac chuyén doi dic trung
5D4—>7F5, 5D4—>7F5, 5D4—>7|:4 va 5D4—>7|:3 cua
ion Tb(III). Véi tinh chat nay, vat liéu nano
phat quang dang khdéi hinh chir nhat
TbPO..H,0 tong hop duoc cd kha ning tng
dung trong nhiéu linh vuc, dac biét 1a trong
danh diu huynh quang y sinh.
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