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TOM TAT

Trong nghién ctru nay, Gd;03:Eu?* duoc tong hop bang phuong phap hoa hoc nhiéu bude véi cac
ty 1¢ ndng d6 mol [Eu®*]/[Gd*] khac nhau 3, 4, 5, 6 va 7%. Cac san pham sau khi tong hop dugc
nung & cac nhiét d6 khac nhau 650, 850 va 900 °C. Pic trung ciia cac mau sau khi téng hop va
nung duoc khao sat boi nhiéu xa tia X (XRD), kinh hién vi dién tir quét phat xa truong (FESEM),
pho tia X tan xa nang luong (EDX) va ky thudt phén tich nhiét vi sai (DTA). Tinh chat quang hoc
ciia cac mau tong hop dugc khao sat bang phuong phép quang phé phéat quang & nhiét d6 phong.
Két qua cho thay Gd203:Eu®* thu duge c6 dang cau dong nhét cao véi kich thude tir 340 - 440 nm.
Cac méu ché tao phat quang mau do va dinh phat xa manh nhit & budc séong 611 nm tuong tng
v6i chuyén doi Do—"F, cua ion Eu3*. Gd,03:6%Eu®* duge u ¢ 850 °C thé hién sy phat quang
manh, day 12 mot vat lidu co trién vong trong viéc danh ddu va nhan dang cho cac tng dung y sinh.
Tir khéa: Hupnh quang; Qud cau nano; Gd203; Gd,03:EUd*; téng hop héa hoc nhiéu buée
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ABSTRACT

In this work, Gd,O3:Eu®* was synthesized by a multi-step chemical method with different molar
concentration ratios [Eu®*]/[Gd®*] of 3, 4, 5, 6 and 7%. The synthesized products were annealed at
different temperatures of 650, 850 and 900 °C. The as-synthesized and annealed samples were
characterized by X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM),
energy-dispersive X-ray spectroscopy (EDX), and differential thermal analysis (DTA) techniques.
The optical properties of the synthesized samples were investigated by photoluminescence
spectroscopy at room temperature. The results indicate that the synthesized Gd,Oz:Eu®* have
highly spherical uniform morphology with the size range of 340 - 440 nm. The samples produced
red luminescence and the strongest emission peak at 611 nm corresponding to 5Do—F; transition of
Eu®* ions. The synthesized Gd,03:6%Eu®" annealing at 850 °C exhibited strong luminescence, this
is a promising materials in labeling and identification for biomedical applications.
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1. Gi6i thiéu

Vit liéu nano phat quang da tr¢ thanh cong cu
quan trong khong thé thay thé trong y sinh
hoc voi hang loat cic ung dung trong chan
dodn va chira tri bénh [1]-[3]. Cac vat liéu
phat quang nano nhu vat liéu nano chdm
lugng tir ban dan [4], vat liéu nano cachon
[5], [6] va vat liéu nano phat quang chira dat
hiém [7], [8] dugc xem nhu nhom vat liéu day
trién vong dé tmg dung trong y sinh. Vit li¢u
nano phat quang chira dat hiém 1a mot trong
nhiing dbi tugng duoc nhiéu nhém quan tam
nghién ciru nho nhimg wu diém ndi troi nhu
hiéu suit phat quang cao, thoi gian sdng
huynh quang dai [9], [10]. Trong do, vat li¢u
huynh quang dat hiém chira ion kich hoat
Eu®* pha tap trén mang nén 1a Gd,0s ¢ tinh
chat quang kha ndi troi nho kha ning phat
quang ¢ vung anh sang do dac trung véi vach
pho hep va sic nét. Voi cac phuong phap ché
tao vat liéu Gd,Os pha tap Eu®* khac nhau,
hinh dang san phiam tao thanh ciing khac
nhau, nhu phuong phap hoéa udt thu duoc vat
liéu dang ong nano [11], phuong phép tong
hop hoa hoc sir dung polyol cho cac san phdm
dang phién [12]. Tuy nhién, trong tng dung y
sinh cta vat liéu nano, dbi tuong duoc quan
tm nhidu nhat 14 vat liéu dang ciu véi do
ddng nhit cao, mang lai cac vu diém trong
boc vo, gén két sinh hoc, chuc nang hoa...
Trong bai b4o nay, chung t6i dé téng hop vat
lidu Gd203 pha tap Eu®* dang cau bing
phuong phap hoa hoc nhiéu budc véi chat tao
khudén mém uré va két hop véi qua trinh xu ly
nhiét phu hop. Céc tinh chit phat quang cua
qua cau nano di duoc khao sat chi tiét nham
dinh hudng tdéi nhiing ng dung trong danh
déu y sinh.

2. Phuong phap nghién ciru

Trén co so cac thi nghiém da dugc tién hanh
ctia nhém nghién ctru [13], vat liéu Gd203 pha
tap Eu® v6i cac ty 1& nong do mol cua
[Eu**)/[Gd**] khao sat 1a 3, 4, 5, 6 va 7%
dugc ché tao bang phuong phap tong hop hoa
hoc nhiéu budc véi sy tham gia cua uré. Sy

thay dbi trong nghién ciru nay 1a cac ty 18
ndng d6 cua Eu®* dugc khao sat mot cach hé
thong va sy thay doi kich thudc qua cau khi
tang thoi gian phan ung ciing dugc xem xét.
Trong qué trinh tong hop vat liéu, uré déng
vai tro 1a khuén mém giup hinh thanh qua
ciu. Cac hoa chat duoc sir dung 1a nhitng hoa
chat c6 do tinh khiét cao: Gadolinium (111)
nitrate exahydrate (Gd(NOs)s.6H.0) 99.9%

(Sigma-Aldrich),  Europium  (Ill) nitrate
pentahydrate (Eu(NO3)s.5H20) 99.9%
(Sigma-Aldrich), Uré (Merck), etanol

(Merck), nude khi ion,....

Cic dung dich dugc pha v&i nong do
Eu(NO3)3.5H.0 0,05M, Gd(NO3)s.6H.0
0,05M, uré 0,5M. Céc budc tién hanh thuc
nghiém nhu sau:

Budc 1: Nho giot hdn hop dung dich gom
3,15 ml Eu(NOs)3.5H.0 0,05M va 60 ml
Gd(N0O3)3.6H20 0,05M vao binh ciu dung
tich 500 ml chira dung dich uré 0,5M. Khudy
déu hén hop dung dich trong 2 tiéng.

Budce 2: Nang nhiét @6 dung dich 1én 85 °C va
duy tri trong thoi gian 80 phit. San pham thu
dugc 1a két tha mau tring cua
Gd(OH)COs3.H,0:Eu®, san phdm nay duogc
rira va ly tim 2 lan bang nudc khtr ion, 2 1an
bang ethanol va siy kho & 70 °C trong vong
24 gio.

Vit lidu nén Gd20; ciing duoc tong hop véi cac
budc tuong ti nhu trén voi cac chit tham gia
phén tmg la Gd(NO3)3.6H.0 0,05M va uré 0,5M.

Budc 3: San pham thu dugc ¢ budc 2 tiép tuc
dugc nung theo quy trinh & nhiét do cao
650 °C, 850 °C va 900 °C trong thoi gian 2h.
San pham nhan dugc sau qua trinh nung 1a
Gd203ZEU3+.

Hinh thai hoc, cAu trtc, thanh phﬁn va cac dac
trung quang hoc cua véat liéu ché tao duoc
khao sat bang cac phép do FESEM, EDX
(Hitachi S4800), X-ray (Equinox 5000), phan
tich nhiét (Labsys evo TG- DTA 1600) va
huynh quang (Jobin-Yvon iHR550) tai Vién
Khoa hoc vét liéu, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.
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3. Két qua va ban luin
3.1. Két qui do FESEM

Hinh 1 13 két qua do FESEM cua
Gd(OH)CO3.H,0:Eu®* véi cac ty 1¢ nong do
mol [Eu*]/[Gd*] la 0; 3; 4; 5; 6; 7% khi
duge sdy & 70 °C trong 24 gio, thang do 500
nm. Cac két qua FESEM cho thiy méu thu
dugc c6 dang hinh cau. Cac qua ciu tao thanh
¢6 kich thudc nano véi sy dong déu kha cao.
Puong kinh cia cac qua cau dao dong trong
khoang 350 nm dén 440 nm. Khi khong pha
tap Eu®* (hinh la), san phdm thu duoc la
nhiing qua ciu nano kha dong déu voi duong
kinh khoang 360 nm — 370 nm. Khi pha tap
Eu** véi cac ty 1€ mol khdc nhau cua
[Eu*V[Gd™] 1a 3; 4; 5; 6; 7% van thu dugc
san pharn 1a cac qua cau dong déu. Vcn nong
do thap nhét 1a 3%, kich thudc qua cau nam
vao khoang 340 nm — 350 nm. Vé6i ndng do
pha tap 4%, duong kinh cia qua cu nano la
370 nm — 380 nm. Khi ting nong d6 Eu®* Ién
5%, qua ciu ting kich thudc 1én 390 nm —
400 nm. San pham thu duoc khi pha tap Eu®*
6% co6 kich thuéc 420 nm — 430 nm. Tuy
nhién, khi ndng d6 pha tap 1a 7%, dudng kinh
clia qua cau giam con 350 nm — 360 nm.

Hinh 1. Anh FESEM ciia mau
Gd(OH)CO3.H20:Eu3* véi cdc ty Ié nong dé
[Eu*)/[Gd**] 1a 0% (a), 3% (b), 4% (c), 5% (d),
6% (e), 7% (f) sdy ¢ 70°C trong 24 gio.

Khi phan tich so bo cac két qua do FESEM ¢6
thé nhan thiy véi nong do Eu* pha tap 14 6 %
thu duoc cac qua cau nano dong déu nhat, ty
1€ néng dd nay s€ dugc lwa chon cho céc
nghién ciru tiép theo.

Hinh 2. Anh FESEM ciia mau Gd,03:7%Eu®*
xu Iy nhiét ¢ 650°C.

Hinh 2 1a két qua do FESEM cia mau
Gd.05:7%Eu®* sau khi xu ly & nhiét ¢o 650
°C. Cac két qua cho thdy qua cau
Gd205:7%EU® ¢6 dudng kinh giam di so voi
khi xt ly ¢ 70 °C do sy bay hoi cta cac dung
moi hiru co va sy phan huy nhém OH va CO3
dé tao thanh Gd.0s. Kich thudc cua qua cu
co lai khoang 11 - 12% va c¢6 duong kinh
trong khoang 320 — 330 nm. Bé& mit qua cau
x6p hon nhung van giit dwoc tinh toan khdi,
khéng bi nit, v& sau khi xtr Iy nhiét.

3.2. Két qua do EDX

Hinh 3 trinh bay két qua do EDX ciia mau
Gd(OH)COs.H:O: 6%EU*. Cac két qua cho

thdy su c6 mit ciia Gd, O, C va Eu trong mau
Gd(OH)CO3.H.0:6%Eu*".

Hlnh 3 Pho EDX ciua Gd(OH)CO3.H0: 6%Eu3+
3.3 Két qua do X-ray

Gian d6 nhidu xa tia X cia cic mAu
Gd,0s:Eu®* v6i cac ty 1& ndong d6 mol
[EV*)/[Gd™] 1a 3; 4; 5; 6; 7% xit 1 & 650 °C
duogc trinh bay trong hinh 4. Cac két qua tur
gian do cho thay khi thay d6i ndng do pha tap
Eu3*, cac dinh nhiéu xa cua vat liéu 1a don
pha voi ciu trdc 1ap phuong va cac dinh dic
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trung hoan toan phu hop véi thé chuan (00-
012-0797) ciia Gd,0s. Bién hinh & vi tri goc
20 la 28,7° tuong Gtng voi mat mang (222)
cho thdy cuong do nhidu xa 16n nhét tuong
ing véi vat lisu Gd,03 pha tap Eu®* véi nong
do 6%.
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Hinh 4. Nhie:L{ xa tia X cia vdt lidu GdzOe,:rEu3+

Vvéi cac 1y 1é nong dé [EUSY/[GA®* ] tir 3 dén 7%
3.4. Két qua do TGA
Két qua do TGA cia  mau
Gd(OH)CO3.H,0:6%Eu®* sau khi ché tao dugc
biéu dién & hinh 5. Gian d6 TGA cho thiy su
thay doi ctia khéi lwong khi nung mau 1én dén
nhiét do 950 °C trai qua 2 giai doan chinh:
- Giai doan 1: Trong khoang nhiét do tir 23 °C
dén 240 °C, khéi luong giam 5,661% tuong
ung voi mot dinh thu nhiét & 176,86 °C do su
bay hoi cua cac phan tir nudc.
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Hinh 5. Phé TGA ciia Gd(OH)CO3.H,0:6%Eu3*
- Giai doan 2: Trong khoang nhiét d¢ tur 240
°C dén 880 °C, khdi lugng giam 19,456% véi
mot dinh téa nhiét ¢ 592,13 °C va mdt dinh
thu nhiét ¢ 648,58 °C do sy phan huy cua cac
nhom hydroxyl va cacbonat.
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Trén 880 °C khong thay su thay dbi 16n vé
khéi lwong. Cac diém nhiét do trén co thé
xem la nhiét 6 chuyén pha cua vat liéu, tir d6
ta lua chon cac ché do xir Iy nhiét cta vat licu
& 650 °C, 850 °C, 900 °C va khao st tinh chat
quang cua vat liéu tai cac nhiét do xu 1y nay.
3.5. Két qua do huynh quang

Cac phép do kich thich huynh quang (PLE) va
huynh quang (PL) dugc thuc hién véi cac
miau Gd,0z:Eu®* voi cac ty 1& ndéng do
[Eu*)/[Gd**] khac nhau va mau
Gd,03:6%EU* dugc xir Iy & cac nhiét do 650,
850 va 900 °C.

3.5.1. Phé kich thich hupnh quang

—PLE: 2, =611 nm
——PL:%_ =266 nm
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Hinh 6. Phé kich thich huynh quang va huynh

quang ctia vét liéu Gd,03:6%Eu*
Hinh 6 1a két qua do phd PLE va PL cua vat
liéu Gd,03:6%EU*" duge xtr Iy ¢ 650 °C quan
sat & bude séng phat xa 611 nm. Phd PLE cho
thay hap thu manh tai budc song 266 nm la
do chuyén doi dién tir truyén dién tich (CTB)
gitta Eu®- O% [14], dinh hip thu yéu 272 va
275 nm tuong tng v6i dich chuyén 8S7;, — o1,
(3 = 11/2, 9/2, 7/2), dinh hip thu 305 va 310
nm twong tmg véi dich chuyén 87, — Py (J =
3/2, 5/2, 7/2) 1a cac dinh hip thu dic trung
cua Gd®* [15]. Cac dai kich thich tai cac budc
song 394 nm c6 ngudn gbe tir cac tim Eu3*
tuong ing voi cac chuyén doi dién tir f-f giita
cac muc nang lugng thudc cAu hinh 4f6 cua
Eu* [15]. Tir két qua do phd PLE cua vét
liéu, tién hanh do phé PL cua vat liéu
Gd,03:Eu®* véi bude song kich thich tuong
mg v6i ving hip thu dic trung cia Gd®* va
Eu®* 12 266 nm va 405 nm.
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3.5.2. Ph6 huynh quang ciia Gd,03:Eu®*

Gd, 0, Eu7%
——Gd, 0, Eu6%
= Gd, 0, Eus%
——Gd, 0, Eud%
——Gd,0,:Eu3%
—Gd,0,

| hexe= 266 nm

Cuing dj (dvtd)

Budc song (nm)

Hinh 7. Phé huynh quang cua vt li¢u
Gd,03:EU* véi cdc nong dé pha tap khac nhau
kich thich ¢ budc séng 266 nm
Hinh 7 trinh bay phd PL cua vét liéu
Gd,0z:Eu**  véi ty 16 ndng  do
[Eu**)/[Gd**] 1a 3, 4, 5, 6, va 7% kich thich &
budc song 266 nm. Cac két qua cho thiy phd
huynh quang thu dugc ¢ vung anh sang mau
d6 voi cac chuyén doi dic trung cia Eu* 14
Do — 'Fnvoin=0, 1, 2, 3. Cac dinh phat xa &
budc song 588, 592, 611 va 629 nm tuong
g v6i cac chuyén doi °Do — "Fo; Do — Fi;

5D0 — 7F2; 5D0 — 7F3 (hinh 5)

Gd, 0, Eu7%
——Gd,0,'Eu6%
= Gd, 0, Eus%
——Gd, 0, Eud%
——Gd,0,:Eu3%
—Gd,0,

L Aoxe= 405 nm
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Hinh 8. Phé huynh quang cia vat liéu
Gdy03:EUP* véi cac nong dé pha tap khac nhau
kich thich ¢ budc song 405 nm
Trong d6, dinh c6 cudng do manh nhit ¢
budc song 611 nm. Két qua thu dugc cho
thdy, khi kich thich & budc séng 266 nm,
vung hip thu dic trung cia Gd*, cuong do
phat quang ting kha tuyén tinh véi viéc ting
ndng do Eu®* pha tap vao nén Gd203 va mau

phat quang t6t nhat 1a mau Gd,O3:6%Eu3*,
Bén canh d6, cic mau Gd,Oz; pha Eu®* phat
quang manh c6 thé do dong gop ctia qua trinh
truyén ning luong tir Gd** sang Eu’*.

Trong hinh 8, dudi kich thich ctia budc song
405 nm, van thu dugc cic dinh phit quang
manh & ving anh sang mau do tuong tng voi
cac chuyén doi Dy — "Fo; °Do — Fi; Dy —
'Fy; Do — 'F3 cua Eu®'. Khi pha tap Eu®*,
kich thich 405 nm, ving hép thu dic trung
cua Eu®, cudng do phat quang cua vat liu
tang ty 1¢ thuan voi ndng do Eu®* pha tap vao
nén Gdz0s.

3.5.3. Phé huynh quang cia GdOs:6%Eu®*
xu Iy ¢ nhiét dé 650, 850 va 900 °C
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Hinh 9. Ph6 huynh quang Gd,03:6%EU3* xit Iy &
cac nhiét do 650, 850 va 900 °C kich thich o cac
buoc song 266 nm (a) va 405 nm (b)

Hinh 9 biéu dién phd huynh quang cua
Gd,03:6%EU* dugc xir Iy & cac nhiét do 650,
850 va 900 °C vai cac bude song kich thich
266 nm (a) va 405 nm (b). Két qua cho thay
cac dinh phat quang cuc dai thu dugc & cac
budc song 588, 592, 611va 629 nm. Cudng
d6 phat quang thay dbi theo nhiét do xir 1y vat
ligu. Cy thé, khi mau duoc kich thich & ca hai
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budc song 266 nm va 405 nm thi cuong do
dinh phat xa manh nhat déi v6i mau dugc
nung ¢ 850 °C do ¢ nhiét do nay, cAu trac pha
cua vat ligu da 6n dinh.

Tir céc két qua trén cho thay vat liéu c6 kha
ning phat quang tot khi xir 1y ¢ nhiét do
cao, thich hgp cho cac ung dung trong danh
diu, nhén dang y sinh dya trén hinh anh
huynh quang.

4. Két luan

Pi ché tao thanh cong qua cdu nano
Gd(OH)CO3.H.0 va Gd(OH)COs;.H,O:Eu®*
c6 d6 dong déu cao, duong kinh trong khoang
340 nm — 440 nm khi dugc sdy & 70°C. Ciu
tric cua vat liéu Gd.Os:Eu* khi t ¢ 650°C la
don pha véi céu trac 1ap phuong (cubic). Céc
két qua huynh quang cho thiy ving phat xa
dac trung cua vat liéu Gd,Os:Eu®* 1a & ving
anh sang do voi dinh phat quang manh nhét ¢
611 nm. Khi kich thich ¢ budc song 266 nm
va 405 nm, cuong do phat quang tot nhat dbi
véi mau Gd,03:6%Eu*nung & 850 °C.

Lo&i cam on

Nghién ctru nay dugc tai trg boi Quy Phat
trién Khoa hoc va Cong nghé Qudc gia
(NAFOSTED) trong dé tai ma sb 103.03-
2017.53. Cac tac gid chan thanh cam on
Phong thi nghiém Quang hoa Dién tir, Phong
thi nghiém Trong diém Qudc gia vé Vat licu
va Linh kién Dién ti, Vién Khoa hoc vit liéu;
Phong thi nghiém LAN, Truong Pai hoc Duy
Tén da tao diéu kién trong vi¢c thuc hién cac
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