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KHAO SAT TiNH CHAT VAT LIEU NANO Th(TTA)s
PINH HUONG UNG DUNG PANH DAU HUYNH QUANG Y SINH
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TOM TAT

Trong cac vt liéu huynh quang tng dung trong chan doan hinh anh va déanh déu huynh quang y
sinh thi nhém céc vat liéu nano phirc chat dat hiém hién dang dugc quan tim nghién ctru manh.
Diéu nay xuat phat chi yéu do cic dic tinh quang tét ciia vat lieu. Cac nano phic chat huynh
quang dat hiém c6 phd hap thu rong, kha nang phat xa manh, thoi gian song dai. Trong nghién ciru
nay, chdng tdi trinh bay mot s6 két qua nghién ctru vé tong hop vat liéu nano phirc chét huynh
quang Th(TTA); - TTA: 3-thenoyltrifluoroacetonate. Cac vat liéu nano thu duge phat xa tbt trong
vung mau xanh ¢ bude song 543nm. Chung co kich thudce hat thay dbi tir vai chuc dén vai trim nm
tuy thudc vao phuong phap tong hop. Cac dic trung tinh chét cua vat liéu ciing dugce trinh bay chi
tiét.

Twr khéa: Nano, phirc chat, huynh quang, Th(TTA)s, dat hiém.
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ABSTRACT

Among fluorescent materials used in imaging diagnostics and biomedical fluorescent labels, rare
earth nanomaterials are currently studied strongly. This comes mainly from their good optical
properties. Rare earth fluorescence nanoparticles have a wide absorption spectrum, strong
emission and long lifetime. In this study, we present some research results on synthesis of
fluorescent complex nanomaterials of Th(TTA); -TA: 3-thenoyltrifluoroacetonate. The obtained
nanomaterials have a strongly blue emission with a maximum wavelength of 543nm. They have
particle sizes varying from a few tens to several hundred nm that depend on the synthetic method.
The characteristic properties of materials are also presented in detail.
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1. Gi6i thiéu

Céc vat liéu huynh quang dang dugc nghién
ctu va tmg dung trong nhidu linh vuc bao
gom chiéu sang, vién théng, anh huynh quang
y sinh va xét nghiém huynh quang mién
dich... [1-3]. Trong sb cac vét liéu huynh
quang ung dung trong quang tG va y sinh,
nhom vat liéu huynh quang dat hiém Lantanit
(Ln(H1)) thu hat duge sy quan tam nghién
ctru 16n, do cac dic tinh huynh quang tot ctia
ching. Pang chu ¥ 13 cac hat, thanh, 6ng nano
cAu tao hoa hoc tir cac oxit dat hiém [4-6], vat
liu chuyén dbi nguoc [7], va gan day la cac
phirc chat huynh quang [8,9]. M6t s6 loai mau
vat lidu phat xa huynh quang bao gdm: méiu
nano trang thai ran, dung dich, phin tan trong
cac cao phan tir va trong vat li€u lai.

Céac vat lieu dat hiém Ln(II) phat xa ca &
vung nhin thy VIS (Ién t&i 750nm) va ving
hong ngoai gan NIR. Trong d6, nhom vt liu
huynh quang Tb(III) phéat xa mau xanh dang
dugc phat trién nhiéu cho cac tng dung
huynh quang y sinh. Gan day, mot sb nghién
clru da chi ra huynh quang cta cac ion dét
hiém Ln(III) ¢ thé duoc ting cudng khi duoc
lien két phdi tri véi cac phdi tir hiru co thich
hop [10].

Céc vat liéu huynh quang rmg dung trong y
sinh bén canh tinh chat huynh quang tbt, con
phai c6 kha niang phan tan tdt trong moi
truong nuéc, bén va dé chic nang hoa, lién
hop vai c&c phén tir sinh hoc. Qua nghién ctru
cua ching t6i thi cac nano huynh quang phuc
chét dat hiém céu triic 16i/v6 silica dem lai loi
ich cua su két hop tinh chat huynh quang t6t
ctia vat liéu huynh quang phtrc chat dat hiém
va mot vo silica cai thién d6 phan tan trong
moi truong nudc va lién hgp sinh hoc [11,12].
Trong nghién ciru nay, ching téi trinh bay
mdt s6 két qua nghién ctru vé tong hop vat
liéu nano phirc chit huynh quang Th(ll1) lién
két phdi tri voi phdi to hitu co TTA
(Tb(TTA)3). Vat li¢u nay dugc chirc nang hoa
bé mat boi hé vat lieu cao phan tu

polyvinylpyrrolidone ~ (PVP)  /tetraethyl
orthosilicate (TEOS) va 3-(triethoxysilyl)-
prqpylamine (TSPA) chita nhom amin -NH,
nham dinh hudng cho cac tmg dung y sinh.

2. Thwe nghiém

2.1. Héa chit

Cac hoa chét tinh khiét TbCls.6H,0, tri-n-

octylphosphineoxide (TOPO), 3-
thenoyltrifluoroacetonate  (TTA), sodium
dodecyl sulfate (SDS), N, N-
Dimethylformamide  (DMF), tetraethyl

orthosilicate (TEOS) va 3-(triethoxysilyl)-

propylamine  (TSPA), amoni  hydroxit
(NH,;0H), natri hydroxit (NaOH),
polyvinylpyrrolidone (PVP) cia Sigma

Aldrich, axit clohydric (HCI) va etanol cua
Merck da dugc st dung trong nghién ctu
tong hop vat liéu.

2.2. Phwong phdp chudn bi mdu

2.2.1. Vdt liégu nano SiO, pha phic chat
huynh quang SiO,/ TSPAITb(TTA);

Hinh 1. Cdu triic héa hoc cua phirc chdt huynh

quang dat hiem Tb(TTA)3
Hinh 1 minh hoa cu trac hoéa hoc cia phuc
chat huynh quang Tb(IIl) lién két phdi tri voi
phdi tir hitu co 3-thenoyltrifluoroacetonate
(TTA) (Tb(TTA)s). Phic chat dit hiém
Tb(TTA); dugc didu ché theo so d6 phan tng
nhu sau :

TbCl; + 3TTA — [Tb(TTA)s]*, 3CI

Vit liéu nano SiO, dugc tong hop theo
phuong phap sol-gel tir tién chit ban dau gom
TEOS, etanol va NH,OH. Cac phan ung
khudy duogc thuc hién ¢ nhiét dd phong. Nho
ttr tir 10 ml TEOS 5 mM vao mét binh cau 2
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¢d chta dung dich etanol lodng, khudy déu
trong 15 phut. Sau d6, cho thém NH,OH 25%
dén pH = 10 vao hdn hop trén va khudy trong
10 gid. Qua qua trinh thiy phén, ngung tu cac
nano SiO, duoc hinh thanh. Cac nano SiO,
dugc ly tam, rira 1am sach va dugc phén tan
lai trong dung mdi etanol. C&c nano SiO, nay
sau d6 dugc tién hanh boc VO V6i
TEOS/TSPA. Pha dung dich TEOS/TSPA
theo ty 1¢ (1/3) trong dung moi ethanol, thém
NH,OH 25% dén pH = 8.5. Thém dung dich
Iml TEOS/TSPA va 2,5ml H,O vao binh
chira 25 ml dich nano SiO,, khudy trong 15
phut. Sau do, nho giot tir tir dung dich phurc
chat Th(TTA); vao binh phan tng trén va duy
tri khudy trong 6 gio, ta thu duoc dung dich
keo nano SiO, pha phtic chit huynh quang
(SiOy/ TSPA/TH(TTA)3). Lam sach cac nano
nay bang cach ly tdm va rira nhiéu lan bang
nude cat.

2.2.2. Vat liéu nano phirc chat hupnh quang
Tb(TTA)s/PVP/TSPA

Vit lieu nano phac chat huynh quang
Th(TTA); dugc tong hop bang phuong phép
ngung tu héa hoc dau trong nuéc. Dung dich
phitc  chit ¢4 thanh phan  gdm
Tb(IIT)/TOPO/TTA véi ty 1€ mol 1a (1/3/3)
duoc pha trong dung moi etanol. Thém 500 ul
dung dich phirc chit Tb(TTA); va 500 pl

Phirc chdt hugnh guang
™{TTA)s

TEOS/TSPA

dung dich SDS 10 mM trong dung m6i DMF
vao mot 6ng nghiém phan Gmg chia 15ml
H,O-DI, khudy manh biang may khudy
Vortex mixer L46 trong vai phat. Thém 10ul
dung dich PVP vao dich nano phuc chit va
khudy & tbc do cham 2 gio. Sau d6, thém 750
pl dung dich TEOS/TSPA va 1,5 ml H,O vao
va tiép tuc khudy trong 6 gio. Ly tdm va ria
nhiéu lan bang nudc cat dé lam sach cac nano
phtrc chat huynh quang Th(TTA)s/PVP/TSPA
thu dugc. Hinh 2(a) va 2(b) lan luot minh hoa
Ciu tao cuia Vvat lieu nano huynh quang
SIO/TSPA/TH(TTA); va
Th(TTA)/PVP/TSPA.
Nghién ctru hinh thai hoc, kich thude, hinh
dang cua vét liéu dugc quan sat trén kinh hién
vi dién tir phat truong (FESEM, Hitachi - 4800).
Phé hdng ngoai duoc khao sat trén may quang
phd hong ngoai FTIR -NEXUS 670 (M$). Pho
huynh quang cta vat liéu dugc do trén hé do
huynh quang IHR 320 HORIBA JOBIN YVON
(M%), voi budc song kich thich 355 nm.
3. Két qua va thao luan
Hinh 3(a) va 3(b) lan lugt minh hoa anh
FESEM ciia mau nano phirc chat Tb(III) lién
két phdi tri véi phdi tr hiru co TTA
(Thb(TTA)s/PVP/TSPA) va (b)- nano SiO, pha
phiic chit huynh quang Tb(TTA); (SiO/
TSPA/Tb(TTA)3).

TEOS/TSPA

(b)
Hinh 2. (a) - Cdu tao ciia nano SiOyTSPA/Th(TTA); va (b) - nano  Tb(TTA)s/PVP/TSPA
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Hinh 3. (@) - Anh FESEM ciia nano Th(TTA)s/PVP/TSPA va (b) - nano

Cac hat keo nano huynh quang Th(TTA); da
dugc tong hop c6 kha ning phan tan tét trong
moi truong nude. Kich thudc hat cua cac
nano Th(TTA)s/PVP/TSPA la nho, c& khoang
80-100nm. Cac nano SiO,/ TSPA/Tb(TTA);
téng hop c6 kich thudc hat 16n hon, khoang
280-300nm. Qua trinh tao vo cao phan tir hay
silica 1a thich hop dé ting do bén va chirc ning
hoa bé mt ctia vat liéu nano nghién curu.

Tranamvianoe (A x|

Hinh 4. Phé hong ngoai FTIR ciia mdu nano
Th(TTA)s/PVP/TSPA va SiO,TSPA/TH(TTA);
Phd hép thy hong ngoai FTIR ciia hai miu
nano  Tb(TTA)s/PVP/TSPA va SiO,/
TSPA/Tb(TTA); lan lugt duge trinh bay trong
hinh 4. Két qua phén tich phd cho thdy mot
dai rong tir 3700-2800 cm™, twong tng voi
dao dong lién két O-H. Lién két N-H ciing
dugc quan sat & dai nay. Cac pic lan luot &
cac bude song 1651 ecm™ , 1439 cm™ va 1391
cm trong phé hép thu hong ngoai FTIR cia
mau nano Tb(TTA)s/PVP/TSPA tuong ting
v6i dao dong ctia nhom C=C, C-F va C-O.
Céc lién két Si-C va Si-O-Si dugc thé hién
thong qua cac dinh dao dong ¢ 1254 va 1108
cm™. Cac dao dong twong tng voi cac lién két
C=C, C-O, Si-C va Si-O-Si ciia mau nano
SiO,/TSPA/TO(TTA); ciing duoc quan sat 1an

SiO,/TSPA/Th(TTA);

lugt 6 1627 cm™, 1396 cm™ va ¢ dai hap thy
rong 1200-1000cm™. Dao dong & tan so thap
lién quan dén lién ket gitta nguyén tir Oxy voi
ion Toh(l).

ull Scule S04 cfx Cur

wor, 17508 ke (0 ctw)

Hinh 5. Keit qud phan tich thanh phin EDX ciia
mau nano SiO, TSPA/Tb(TTA);3
Pé x4c dinh thanh phan cac nguyén t ciling
nhu ham lugng cac nguyén tb tham gia vao
vat liéu tong hop dugc, chung toi tién hanh do
pho EDX.
Bang 1. Keit qud phan tich thanh phan EDX ciia
mau nano SiOy TSPA/Th(TTA);

Nguyén to  Khdilrong %  Nguyén tir %
C 28.23 36.26
N 11.19 12.33
o} 45.56 43.93
Si 12.35 6.79
S 0.20 0.10
Tb 1.4 0.13

Hinh 5 minh hoa két qua phén tich thanh phén
clia mau nano SiO/TSPAITH(TTA); qua pho
tan xa nang lugng EDX. Cac két qua cho thdy
cac mau tong hop ngoai céac nguyen t6 tham
gia phan tmg la Tb, S, Si, O, N, C mau khong
bi 14n tap chit khac. Ket qua phan tich thanh
phan nguyén té cia miu ciing duoc trinh bay
trong Bang 1.
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Hinh 6. Phé phdt xa hupnh quang ciia mau nano Tb(TTA)s/PVP/TSPA va SiO./TSPA/Th(TTA);

Hinh 6 trinh bay két qua do phd phat xa
huynh quang cua hai mau vat liéu nano SiO,
pha phirc chat huynh quang Tb(TTA); (SiO,/
TSPA/Tb(TTA),) va vat liéu nano phic chat
huynh quang Tb(TTA); boc vo chtic nang hoa
PVP/TSPA (Tb(TTA)s/PVP/TSPA), do ¢
nhiét do phong vo6i budc song kich thich 355
nm. Ca hai miu vat liéu tong hop déu phat xa
t6t anh sang xanh véi cac chuyén doi dic
tru‘ng 5D4—>7F6, 5D4—>7F5, 5D4—>7F4 va
°D,—'F5 cua ion Tb(III). Béi voi miu SiO,/
TSPA/TH(TTA); lan luot twong tmg véi cac
budc song 488, 543, 583 va 617 nm), voi
vach phat xa manh nhit & 543nm. Mau
Tb(TTA)s/PVP/TSPA lan luot tuong tng voi
cac budc song 488, 543, 549, 582 va 617 nm.
Chuyén doi °D,—'Fs trong truong hop miu
Tb(TTA)z/PVP/TSPA cé su tach vach tuong
ung vdi hai budce song 543nm va 549nm.

4. Két luan

Trong nghién ciru nay, hai mau vt liéu nano
phirc chat kim loai dat hiém Tb(III)) lién két
phéi tri v6i phdi tr hiu co  3-
thenoyltrifluoroacetonate (TTA) gdm mAu
nano silica pha phic chat huynh quang
Th(TTA); (SIO/TSPA/TH(TTA);) va miu
nano phic chat huynh quang Tb(TTA); boc
vo chue nang hoéa PVP/TSPA
(Tb(TTA)s/PVP/TSPA) di dugc tong hop
thanh cong. Cac vat liéu nano phirc chat kim
loai dat hiém Tb(TTA); tong hop co kich
thudc khac nhau, khoang 80-100nm véi miu
nano Th(TTA)s/PVP/TSPA va khoang 280-
300nm véi mau nano SiO,/ TSPA/Tb(TTA);,

Ca hai mau vat liéu tong hop déu c6 kha ning
phat huynh quang tot, pho phat xa hep, voi
cac chuyén doi dic trung °Ds—'Fe,
°Ds—'Fs, °Dy—'F4 va °Dy—'F; cua ion
Tb(Il). Céc vat liéu nano huynh quang
nghién ciru cho thay trién vong dinh hudng
cho cac ung dung nhu anh huynh quang va
danh ddu huynh quang y sinh.
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