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SUMMARY
STUDY ON THE OPTICAL PROPERTIES OF
EUROPIUM (111) ION DOPED Gd,O; NANO MATERIAL

The Gd,03:Eu®" nanoparticles were synthesized by a chemical method with urea as a reactant to control the
ratio of different Eu* activation centers: 2, 4, 6, 8, 10, and 12 mol% to find the optimal concentration for
the best fluorescence. The characteristics and luminescent properties of the Gd,0O3:Eu®* material were
analyzed through FESEM, XRD, and fluorescence measurements. The obtained material had a diameter of
140-220nm, and the fluorescence emitted red light with the characteristic shifts from °Dg to 'F;(J= 0-6), the
shift from °D, to ‘F, was the strongest emission peak corresponding to the wavelength of 611nm. The
analysis of area fraction based on the fluorescence spectrum of the material showed that the luminescence
intensity of Gd,03:8%Eu*" was 36 times higher than that of Gd,03:2%Eu". The CIE color coordinates
showed that Gd,03:8%Eu** was most suitable for lighting and fluorescence applications with coordinates x
=0,6473;y =0,3378.

Keywords: Gd,05:Eu®* nanoparticles, CIE color, chemical method, characteristic Eu®*.

1. PAT VAN PE dl'IQC Xac di.nh bang sy phan bd ‘cu(‘)‘n’g do
gitra cac dai phat quang c6 ngudn goc tir

Ngay nay cdc nghién ctru vé phot pho do trang thai °Do & mitc cao hon va két thuc ¢

méi dang du:qc quan tam [1-3]. Vat li¢u mtrc trang thai 'Fy & mirc thip (J =0-6) [1,
Sesquioxide dat hiém 1a mot trong nhitng 3]. Qua trinh chuyén déi °Dy — 'F» qua

loai nén phdt pho dién hinh cho cac tim
kich hoat phat ra quang pho d6. Trong sb
cac tam kich hoat nhu vay, Europi hoa tri
ba thuong duoc st dung nhiéu nhat. Mau
do6 cua lan quang v6i chét hoat hoa Eu®*

nhay cam thuong chiém wu thé trong cac
chat 1an quang vi cuong do dao dong 16n
clia n6 gy ra boi truong tinh thé thuan loi
dé ngan ngira t6n that khong bic xa. Su
phan bb cudng do cua cac chuyén tiép gitra
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cac thanh phan riéng 1é cta cac quy dao d
sau khi chung da bi chia do tic dong cua
truong tinh thé trong dai phat quang nay
thay d6i tir mang nén nay sang mang nén
khac va thuong thi cuong do phat xa lon
nhat nim trong khoang tir 610 dén 620 nm.

Trong s cac Sesquioxide dat hiém, mang
nén GdyO3 hdp din do tinh chit quang
hoc, d6 bén héa hoc tét, do 6n dinh nhiét
va ning luong phonon thap [4]. Hon nita,
gadolini 12 mot nguyén t6 dat hiém co dic
tinh thuan tir va c6 thé duoc sir dung trong
chup cong hudéng tor (MRI), chyp anh
huynh quang, chup X-quang cit 16p vi
tinh (CT) va liéu phap bat Neutron chita
bénh ung thu [1, 3, 4]. Diéu nay giup co
thé phat trién cac hop chat dua trén Gd,O3
nhu vat liu cé kha nang da chirc nang véi
ca tinh chat phat quang va tir tinh. Mt
khéc, cac vat liéu phat quang thuong
dugc pha tap thém cac ion dat hiém dé
tang cuong kha nang phat xa, khi pha tap
Eu®* vao mang nén Gd,Os; lam ting
cuong kha nang phat quang. Nguyén
nhan cia hién twong nay 1a do sy truyén
nang lugng duoc tao ra bai qua trinh hoi
phuc chéo gilra cac muc nang luong
giéng nhau cua ion Eu®. Vat liéu nano
chia ion dat hiém c6 thoi gian song
huynh quang rat dai (1én dén hang chuyc
ms), do dich chuyén Stock Ién, do rong
phd hep, than thién véi co thé ngudi va
moi truong (khi duge boc boi cac 16p vo
phul hop) rat thich hop cho cac tng dung
trong sinh y hoc [5-11]. Noi bat Ia
phuong phap danh ddu huynh quang va
cac phuong phap diéu tri quang nhiét,
quang dong hoc dwa vao vat lieu dat
hiém. Bién dang mang trong Gd,O3 pha
tap Eu 1a khong dang ké do ban kinh
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nguyén tir gitta Gd*" va Eu** gin nhu
gidng hét nhau 0,094 va 0,095nm. Cac
ion Eu®" thay thé cac ion Gd** trong
Gd,03:Eu** va chiém céac vi tri mang C2
va S6 trong pha 1ap phuong va ba vi tri
khong tuwong duong (A, B va C) trong
giai doan don nghiéng, tuong tmng [3].
lon Eu®* bi kich thich béi muc ning
luong 4f" trong hau hét cac nghién ctu
trude day, hiém khi cia CTB (chuyén
doi dién tich) [3].

Véi nhitng tién b vuot bac vé tong hop

vat lidu bang phuong phap hoa di phat
hién mot sd vat liéu nano dat hiém co
hiéu suét phat quang rét cao, 1én dén trén
80% [1]. Ba cu tric duoc tim thiy trong
Sesquioxide Gd;O; bao gdm 14 pha luc
giac (P3ml), pha 1ap phuong (Ia3) va pha
don nghiéng (C2/m). Cac nghién clru toan
dién nhat vé su phat quang duoc thyc hién
d6i voi Eu®* & khéi (cubic) c-Gd,05 [1,3].
Trong nghién ctu nay chiing t6i sé€ nghién
ctru tinh chit quang ciia vét lidu GdyOs:
Eu® thudc pha tinh thé khdi dé ing dung
trong chiéu sang, chup anh y sinh.

2. THU'C NGHIEM
2.1. Nguyén li¢u

Hoa chat sir dung trong tong hop vat liéu
GdzO3ZEU3Jr la Gd(N03)3.6H20 cua
(Sigma-Aldrich), 99,9% tinh  khiét,
Eu(NO3)3.6H,O  (Sigma-Aldrich) tinh
khiét 99,9%, Uré (CO(NH.),) (Sigma-
Aldrich), nudc khir ion.

2.2. Quy trinh tong hop

Cho hdén hop dung dich gom
Eu(NO3)3.5H,0 0,05 M va
Gd(NO3)3.6H,0 0,05M vao cdc thay tinh
dung tich 100 mL (dung dich 1), khudy



déu, (thay ddi ty 16 EU*"/Gd** 1a 2, 4, 6, 8,
10, 12% & cac phan Gng khac nhau). O
mét binh cau 500 mL khéc, cho dung dich
Uré 0,5 M vao binh sau d6 nhé giot hon
hop dung dich 1 & trén vao. Khudy déu
hon hop dung dich trong 2 h. Nang nhiét
do dung dich 1én 85°C va duy tri trong
thoi gian 70 phat. San pham thu duoc 1a
két tia mau tring cua
Gd(OH)CO3.H,0:Eu*" duoc ly tdm 2 1dn
bang nudc khir ion, 2 14n bing ethanol va
sdy kho ¢ 70°C trong vong 24 gio. San
pham nay duoc tiép tuc xir Iy & nhiét do
cao (700°C) trong thoi gian 5 gio.

Trong nghién ctru nay, hinh thai hoc, dac
tinh cta cac hat tong hop dugc phan tich
bang phuong phiap FESEM, X-ray
(XRD), huynh quang.

3. KET QUA VA THAO LUAN

3.1. Hinh thai hgc cia cic hat nano
GdzO3ZEU3+

Khi pha tap Eu®* voi cac ty 16 mol khac
nhau cua Eu**/Gd* 1a 2, 4, 6, 8, 10 va
12% thu dugc san pham la cac qua cau
ddng déu. V&i ndng d6 Eu®* pha tap thip
la 2 % qua ciu nano thu dugc co duong
kinh 140 - 160 nm. Khi ndng d6 Eu** pha
tap 4 % thu duogc qua cau nano duong
kinh 1a 150 - 190 nm. V/6i ndng do Eu®*
pha tap 6 % san pham tao thanh I cac qua
cau nano c6 duong kinh 185-195 nm. San
pham thu dugc khi Eu® pha tap 8 % la
Ccac qua cu nano c6 dudng kinh 180-190
nm. Khi pha tap 10 % vat liéu thu dugc
qua cau c6 duong kinh 180-200 nm va véi
ty 1& ndng d6 Eu** pha tap cao 1én dén
12% van thu duocC qua cau véi dudng
kinh 175-220 nm. Dudng khi khi thay doi
ty I¢ pha tap ciing lam anh huong dén
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hinh kich thudc cua vat liéu va cod xu
hudéng tang kich thudc thi ty 1€ pha tap
Eu** tang.

Gd20314%EU3+

Gd,03:8%EU*

Gd,05:10%Eu®* Gd,04:12%Eu**
Hinh 1. FESEM ciia vt liéu Gd,0g: Eu** 1y I¢
Eu¥/Gd® 14 2; 4; 6; 8; 10; 12%.

3.2. Khao sat phé XRD ciia cac hat
nano Gd,Oz:Eu®"

Phan tich XRD duogc thyc hién trén may do
nhiéu xa tia X Equinox 5000 dang bot voi
birc xa Cu Ko & A = 1,5406A.

Tat ca cac dinh c6 thé quan sat dugc ¢
goc 20: 28,70, 33,10; 47,60; 56,40; va
59,10 twong tng va&i cadc mat phan xa
(211), (222), (400), (332), (431), (422), va
(662) dac trung cho pha cau trdc tinh thé
khdi (cucic) phd hop véi thé chudn
(JCPDS s6 110604). Cac ndng do pha tap
Eu®* khac nhau khong lam thay déi ciu
trac tinh thé cua vat liéu.
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Hinh 2. Pho nhiéu xa tia X ciia vit liéu Gd,0s:
Eu®* 1y 1¢ EU**/Gd* 1a 2 (GAEuU2); 4 (GAEuU4);
6(GdEu6); 8(GdEu8); 10(GdEu10); 12%
(GdEu12)

3.3. Phin tich phd kich thich huynh
quang ciia cac hat nano Gd,03:Eu®*
Pho kich thich huynh quang (PLE) dugc
do trén may Fluorolof FL3-2-2 Horiba
(M) vai bude song phat xa 612nm.

Gd,0,Eu®
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Hinh 3. Phé kich thich hupnh quang ciia vit liéu
Gd,03: 8%EU*
Hinh 3 cho théy cac dai cuong do manh
nhit trong phd kich thich nim trong
khoang tir 200 dén 300 nm véi dinh cuc
dai nam o khoang 250nm, 270nm. Dai
nay bit ngudn tir chuyén doi dién tir
truyén dién tich gitra Eu®*- 0% (LMCT).
Trong pham vi 320-600 nm, phd PLE
chira cac dinh phét xa hep do chuyén tiép
cu hinh 4f - 4f cia Eu®*. Pham vi 300~
320 nm cho thay cic vach & budc song
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305 nm va 310 nm bdt ngudn tir cac
chuyén tiép noi ciu hinh 4f — 4f cia Gd**.
Céc dai kich thich tai cac budc song 394,
467 va 534 nm c6 nguodn gdc tir cac tm
Eu®* twong Gng véi cac chuyén doi dién
tur f-f gitra cAc murc nang luong thudc ciu
hinh 4f° cua Eu®*. Dinh hip thu tai budc
s6ng 394 nm ng voi chuyén doi 'Fo —
%Ls. Trén co so phé kich thich cuia vat liéu
chung t6i tién hanh do phd huynh quang
cua vat liu tai budc song kich thich
270nm.

3.4. Két qua khao sat phé huynh quang
ciia cac hat nano Gd,03:Eu®

Phé huynh quang dugc do trén may
Fluorolof FL3-2-2 Horiba (My), thuc hién
kich thich tai budc séng 270nm.

Hinh 4 thé hién phd phat quang ciia cac
hat nano Gd,O3:Eu*" duoc thu & budc
song kich thich 270nm bi chi phdi boi
chuyén tiép 4f-4f cta cac ion Eu®* trong
pham vi 570-750nm. Trong pha tinh thé
cubic Gd203:Eu3+, cAu trac cac dai phat
quang bit ngudn tir trang thai Dy va két
thiic & 'F; (J= 0-6), dic biét 1a cac dai phat
xa manh nhat cua Dy — 'F,véi dinh phat
xa khoang 611 nm, 1a do C3 ddi xtig tim
va mdi truong anion C, khong dbi ximg
tam cua Eu®* [1,3].
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Hinh 4. Phé huynh quang ciia vt liéu Gd,05:
Eu® #y 16 EU**/Gd®" 14 2; 4; 6; 8; 10; 12%.
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Cac dai quan sat dugc trong pham vi
570-580, 580-605, 605-645, 645-675 va
675-725 nm tuong Gng voi cac chuyén
doi tir °Do bi kich thich mirc ion Eu®*
xuéng muc trang thai co ban F, J=0-
4). Vung budc soéng 570-580 nm tuong
g qué trinh chuyén doi Dy — 'Fo. Pbi
vo1 mot vi tri khong tuong duong cua ion
Eu®* trong cdu trac tinh thé, qua trinh
chuyén ddi nay chira mot dinh duy nhét
v6i cuong do thudng 1a thip nhét trong
sb dai cua SDO,

Tich phan dién tich trung binh cua céc
dinh phat quang ta duoc Sgyr2=2,27;
Sedews=51,35; Scdeuwe=73,29; Scieus=82,7;
SGdEu10:55;63; SGdEu12:59146 nhu Vﬁy ta
thdy v6i miu néng do pha tap 8% la tot
nhat, va ty l¢ tich phan dién tich cua
Scdeus! Scdewz 14 36 1an, cho thiy khi ty 18
pha tap Eu®* tang 1én thi cudong d6 huynh
quang ciing ting 1én va dén khi ty 1& mol
Eu¥/Gd** 12 10 % cudng do huynh quang
bat ddu giam xudng do hiéu ung dap tit
ndng do. Véi ty 16 mol Eu**/Gd** 1a 8 %
cho cuong d6 huynh quang manh nhét.

3.5. Phan tich tga d¢ CIE cua cac hat
nano Gd,03:Eu®*

Toa d6 mau CIE thu dugc tir phd huynh
quang cta cac hat nano Gd,Os Eu**
dugc danh déu trén sic do CIE 1931. Su
thay d6i mau sic ciia anh sang phat ra tir
cac mau duoc xac nhan boi toa do mau
duogc tinh todn tuwong tng.

Hinh 5 cho thdy gi4 tri ctia toa d6 mau
(x, y) tim duoc 1a (x=0,3962; y=0,2747)
d6i voi Gd,05: 2%EU®: x = 0,6281; y =
0,3409 ddi v6i Gdy,03: 4%EU®; x =
0,5960; y = 0,3262 d6i voi Gd,Os:
6%EU®": x = 0,6473; y = 0,3378 dbi véi
Gd,05: 8%EU*"; x=0,6277; y=0,3337 dbi
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véi  Gd,0s:  10%EU®;  x=0,6402;
y=0,3336 d6i v6i Gd,03: 12%EU**. Gia
tri CIE cua cac miu Gd,Oz: Eu®* tdng
hop duoc roi vao ving mau d6. Theo Uy
ban tiéu chuin truyén hinh qubc gia
(NTSC), gia tri ly tudng cua toa do mau
do6 1a (0,67; 0,33) [1]. Diéu nay chimg t6
hat nano Gngg:Eu3+ thich hop cho céc
thiét bi phat quang va ty 1é pha tap 8% la
phu hop nhét.

TEYN

Gd,03: 4%EU
X = 0,6281;
y = 0,3409

Gd,03: 2%EU*"
x=0,3962;
y=0,2747

Gd,03: 8%EU"
X =0,6473;
y =0,3378

Gd,03: 6%EU"
x = 0,5960:
y = 0,3262

Gd,03: 10%EU®  Gd,0s: 12%EU®
x=0,6277; x=0,6402;
y=0,3337 y=0,3336

Hinh 5: Toa @6 mau ciia Gd,05: EU®* 1y 16

Eu**/Gd* 14 2; 4; 6; 8; 10; 12%.



4. KET LUAN

Trong nghién ciru nay vat liéu Gd,Os:
Eu** duoc téng hop bing phuong phap
héa hoc nhiéu bude, thu duoc hinh théi
vat lieu dang hat véi kich thudc tur 140-
220nm va phat ra anh sang mau do voi
dich chuyén dic trung tir °Do dén 'F; (J=
0-6), v6i dinh phat xa manh nhét tai budc
song 611nm. Dya vao phd huynh quang ta
thly cuong d0  phat
Gd,03:8%EU**gip 36 1an so v6i cuong dd
phat xa cia Gd,03:2%Eu®, qua phan tich
toa dd mau CIE cho thdy Gd,O3:8%Eu’*
phi hop nhit cho cac img dung chiéu sang
va phéat quang voi toa do x = 0,6473; y =
0,3378. Do viy co thé ding ndng do nay
lam diéu kién toi wu dé ung dung trong
tuong lai.

Xa cua

Loi cam on: Cong trinh nay dugc thuc
hién dudi sy hd tro tai chinh tir nguén dé
tai DPTPL.CN-26/23

TAI LIEU THAM KHAO

[1] Anton I. Kostyukov, Valeriy N.
Snytnikov, Vladimir N. Snytnikov,
Marianna |. Rakhmanova, Nadezhda Y.
Kostyukova, Arcady V. Ishchenko,
Svetlana V. Cherepanova, Alexander S.
Krylov, Aleksandr S. Aleksandrovsky,
(2021).  Synthesis,  structure  and
photoluminescent properties of Eu:Gd,O;
nanophosphor synthesized by cw CO,
laser vaporization. Journal of
Luminescence, 235, 118050.

R. Priya, M. Michalska-Domanska, S.
Kumar, O.P. Pandey, (2021).
Morphological and optical studies of
Gd,O3:Eu nanostructures synthesized via
sacrificial  template  directed  co-
precipitation route. Optics & Laser
Technology, 143, 107357.

[2]

55

[3] C. Liu and J. Liu, (2006). Judd-Ofelt
Intensity ~ Parameters and  Spectral
Properties of Gd203:Eu3+ Nanocrystals.
J. Phys. Chem. B, 110, 20277-20281.

A.B. Garg, A. Mufoz, S. Anzellini, J.
Sanchez-Martin, R. Turnbull, D. Diaz-
Anichtchenko, C. Popescu, D.
Errandonea, (2024). Role of GdO
addition in the structural stability of cubic
Gd,O3 at high pressures: Determination
of the equation of states of GdO and
Gd,05. Materialia, 34, 102064.

D. Dosev, M. Nichkova, M.Liu, B. Guo,
G.Y. Liu, Y. Xia, B. D. Hammock, |. M.
Kennedy, (2005). Application of
luminescent Eu:Gd,Oz; nanoparticles to
the visualization of protein micropatterns.
J. Biomed. Optic., 10 (6), 1-7.

A. I. Kostyukov, T. V. Markelova, A.A.
Nashivochnikov, V. N. Snytnikov, E. A.
Suprun, and V. N. Snytnikov, (2024).
Laser synthesis of oxide nanoparticles
with  controlled gas condensation.
Environmental Engineering &
Technology e Journal,

L. Liu and X. Chen, (2007). Energy
levels, fluorescence lifetime and Judd—
Ofelt parameters of Eu®* in Gd,O;

[4]

[5]

[6]

[7]

nanocrystals. Nanotechnology, 18,
255704 (8pp)
[8] R.Priya, O.P. Pandey, S. J. Dhoble,

(2021. Review on the synthesis, structural
and photo-physical properties of Gd,O3
phosphors  for various luminescent
applications. Optics & Laser Technology,
135, 106663.

[9] D. Dhar, M. Mohan and R. Poddar,
(2020). Assessment of Gd,03
nanoparticles as exogenous imaging

contrast agent for swept source optical
coherence tomography. Laser Phys., 30,
015601 (8pp).



[10] A. Aldalbahi,

M. Rahaman, A. A.
(2019). Mesoporous  silica
modified luminescent Gd,05:Eu
nanoparticles:  physicochemical and
luminescence properties. Journal of Sol-
Gel Science and Technology, 89, 785-
795.

Ansari,

56

[11] J. B. Gruber, U. V. Valiev, G. W.

Burdick, S. A. Rakhimov, M. Pokhrel,
D. K. Sardar, (2011). Spectra, energy
levels, and symmetry assignments for
Stark components of Eu*(4f%) in
gadolinium gallium garnet (Gd3Gas012).
Journal of Luminescence 131, 9, 1945—
1952.



	Q3.24.I7

