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SUMMARY

INFLUENCE OF THE Er** CONCENTRATION ON THE PROPERTIES OF
NANO-UPCONVERSION MATERIALS NaYF,: Er¥/Yb*

The report presents another approach to study the influence of the Er** concentration on the properties of
nano-upconversion materials NaYF,:Er**/Yb®* co-doped. Based on the results, we propose the optimal
synthesis procedure to realize the nano-upconversion material for biomedical applications. The fabrication
experiments, hydrothermal method has been applied. The traditional charactierization methods such as X-
ray diffraction analysis, field emission scanning electron microscopy imaging, photoluminescence
spectroscopy has been employed to provide the structure of the synthesized materials, morphology, and
luminescent properties. Via the study of the optical properties, we find influence of Er®" doping
concentration (mole percentages of Er** ions/ total moles of rare earth elements) are various from 1% to 3%
during synthesizing process. The results indicate that the synthesized materials have spherical shapes with
diameters ranging from 100 nm to 200 nm, a B-NaYF, (hexagonal) phase structure and emitting red
radiation under an excitation at 980 nm. The luminescent characteristics of the material show potential for
the rapid identification of specific types of pathogens.

Keywords: NaYF,: Er**/Yb®*; hydrothermal method; upconversion.

1. Pat van dé céc ing dung noi troi cua ching tao ra
nhiéu thach thic cho ca khoa hoc co ban

Trén thé gisi, vat liéu phat d S el A
© glol, vat Tleu phat quang dang va phat trien cong ngh¢ trong cac linh vuc

ngdy cang duoc tap trung dau tu 16n do
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nhu laser, dién tu, quang tu, cong nghé
nano, hién thi,... nham tng dung trong y
sinh. [1-6]. Hon nira, két qua tong hop vat
licu phat quang tir dat hiém bang nhiéu
phuong phap di dat dwoc hiéu suat phat
quang cao, thdm chi 1én dén trén 50%.
Mot trong sé cac phuong phap dién hinh
13 phuong phap moc mam dé ché tao vat
liéu hat tron cta Tecbi; phuong phap 16i —
V6 dé ché tao vat liéu silica pha dat hiém
Eu. Mot sb loai vat liéu tong hop tir cac
phuong phap nay da dat hiéu suat huynh
quang tang vot, tham chi 1én téi 70%. Vi
du, vat liu YVO, pha tap Er**, khi kich
thich bang nguon tir ngoai gan, di phat
quang rat manh tai ving do trén 600nm;
vat ligu oxit zircon pha tap dong thoi Ecbi
va Ytechi cho hiéu suét phat quang chuyén
d6i nguoc kha manh. Do d6, vat liéu chaa
dat hiém dang nano dugc coi 1a rat co trién
vong trong linh vuc y sinh [7-13].

Ngoai ra, vat liéu phat quang co hiéu tng
chuyén doi nguoc 1a mot trong sb céc vat
liu chira dat hiém dang dwoc quan tam
nghién cau. Loai vat liéu nay c6 wu diém
la str dung ngudn kich thich hong ngoai
(chang han nhu ngubn laser 980 nm),
khong gay bién d6i té bao, than thién voi
co thé nguoi va cd thé xuyén dugc vai
mm vao md nguoi, giup tadc dong sdu hon
vao khu vuc ton thuong. Vi vay, cac vat
liéu nay duoc quan tdm nhiéu trong y hoc,
dac biét la trong cac ung dung cham soc
suc khoe [14-21].

Mot trong nhitng tng dung chinh cua loai
vat liéu nay ma cac nha khoa hoc dang
huong téi la st dung trong xét nghiém
mam bénh, danh du va nhan dang té bao
ung thu. Va&i huéng nghién cau nay, vat
lisu phat quang chura cac ion Er** va Yb**
¢6 hiéu tng chuyén d6i nguoc 1a mot trong
nhimg d6i tuong dugc vu tién Iya chon.

Trong nuéc, mot sd Vién nghién ciu da
khaoi dong hudng nghién ciu vat liéu nano
trong linh vuc chan doan, chira tri va ting
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cudong suc khoe. Vi du, vat liéu chim
lwong tir duoc ap dung dé danh dau huynh
quang; trong liéu phap dét tr, vat liéu
nano tir dugc sir dung dé chira bénh; vat
lieu phat quang chira dat hiém duoc sir
dung dé phat trién ky thuat danh dau trong
cac linh vuc cdng nghé quang tt khac
nhau va hién dang huéng dén cac ung
dung cho y sinh... [22-24]. Dac biét véi
vat liéu nano phat huynh quang, mot sé
nhom nghién ciru ciing da trién khai ung
dung vat liéu phat quang chira ion dét
hiém c6 hiéu ung chuyén d6i nguoc trén
cac nén khac nhau va da thu dugc mot sb
thanh twu...[25, 26]. Dé nang cao kha
nang phat quang cua vat liéu, nhom
nghién ctiu tién hanh khao sat anh husng
cua ndng do pha tap Er®* dén cac tinh chét
cua vat lisu NaYF,: Er¥/Yb®, tir d6 tim
diéu kién thich hop dé tong hop duoc vat
lieu c6 thé sir dung 1am coéng cu xét
nghiém céc mam bénh.

2. Phuong phap nghién ciru, thue nghiém
2.1. Hoa chat

Cac chat sir dung cho tong hop vat liéu
nano NaYFs Er®*/ Yb* gom: [Y:0s,
Yb,03, Er,03, (99,99%, Sigma-Aldrich)];
NaF (99,5%, Sigma-Aldrich), HNO3 (70
%, Sigma-Aldrich); Ethylene glycol
(99,95%, Sigma-Aldrich); Ethanol
(99,8%, Sigma-Aldrich), NaOH (99 %,
Merck), nude khir ion.

2.2. Téng hop méu

Vit lieu NaYF,: Er**/ Yb* tdng hop bing
phuong phap thay nhiét. Qué trinh tong
hop dugc tién hanh nhu sau: Trudéc hét,
cac oxit Y203, Yb,03, Er,03 duoc chuyén
d6i thanh dang mudi nitrat va sau d6 pha
tron hdn hop dung dich dit hiém chia
dong thoi cac ion Y3*; Yb** va Er**, rdi
khuay déu thu duoc dung dich 1. (Ty 18 %
s6 mol ion Er** / téng s6 mol dét hiém
trong dung dich 1 duogc tang dan theo ty 1&
1%; 2%; 3%). Mat khéc, pha tron NaOH,
ethanol va ethylene glycol vao binh phan



ng, khudy tir, thu dwoc dung dich 2. Tiép
theo, dung dich 1 dugc nho tur tir vao
dung dich 2 va khudy tir thém 2 gio duoc
dung dich 3. Mudi NaF duoc thém vao
dung dich 3 va khuay tiép trong 2,5 gio.
Cho hdn hop téng hop duoc duge dat vao
binh autoclave va u nhiét & 200°C, 24 gio
thu duogc vat lieu NaYF,: Er¥/ Yb*. Cudi
cung, vat lieu NaYFs;: Erf'/ Yb* tao
thanh duoc rira va ly tdm nhiéu lan bang
nuéc, thu phan chat rin va siy & 60°C
trong 24 gio.

2.3. Phwong phap nghién cuu

Tinh chat quang cua vat liéu sau khi téng
hop dugc xac dinh trén hé do huynh
guang phan giai cao - IHR 550. Hinh thai
hoc va cau truc tinh thé cua vat liéu lan luot
dugc khao sét bang kinh hién vi dién tir
phat truong (FESEM, Hitachi) va thiét bi
phan tich gian dd nhiéu xa tia X (XRD,
Siemens D5000) véi budc song A = 1,54 A,

3. Két qua va thao luan

Hinh 1, Hinh 2 va Hinh 3 trinh bay phd
huynh quang caa vt liéu NaYF,: Er**/Yb®
dugc téng hop Vvéi su ting dan nong do
Er** theo ty 18 % s6 mol lan luot twong ing
la 1%; 2%; 3% kich thich tai budc song
980nm. Cac vat ligu déu dugc & nhiét &
200°C trong thoi gian 24 gio.
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Hinh 1. Phé huynh quang cua vat liéu NaYF,:
Er3+/Yb3+

Nhin trén ca 3 hinh cho thay, phd huynh
quang cua cac mau deu co hiéu ung phat
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quang chuyén d6i nguoc va c6 hinh dang
twong tu nhau,. Quan sat cac phd nhan
thdy ¢6 2 ving phat quang trong ving kha
kién d6 1a vang budc séng tir 510 + 570
nm véi dinh phat quang mau xanh
(520nm, 550nm) Gng Vvéi cac chuyén doi
*Hi1ip — *lisia; “Sarp — *lisp va ving budc
song tor 630 + 680 véi dinh phat quang
mau dé (650nm) tng vai chuyén doi *Fop
— *l1s12 (650 nm) dic trung cua ion Er*,
Dinh phét quang viing dé chiém uu thé.

S¢ di hiéu tng phét quang chuyén doi
nguoc Xay ra & cac mau la do sau khi hap
thu nang luong Kich thich tai budc song
980nm, ion Yb*" tir muc 2Fy;, s& chuyén
lén muc 2Fsp,, truyén nang lugng cho ion
Er** & mac *liyp. Tai muc nay, ion Er**
dong thoi hap thu hai loai ning luong
(cua ngudn bom va cua ion Yb**) va
chuyén 1én muc *F, rdi hdi phuc khong
phét xa va hoi phuc phat xa vé cac muc
nang luong thap hon H11/2, 83/2, Fg/z va
dich Chuyen phét xa vé mitc co ban I15/2
(Trén phé ching thé hién ¢ cac vung phd
xanh va Vun§ d6). Qua trinh truyén ning
lwong tir Yb** (& muc %Fsp) V& cho Er
(*l122) phu thudc vao ndng do Yb** va
Er**. Khi ting ndng do Er** thi ti & cuong
do vung do / xanh sé tang.
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Hinh 2. Phé hupnh quang ciia vit liéu NaYFy:
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Quan sét cac pho huynh quang tai Hinh 1,
Hinh 2 nhan thiy: Khi ting ndng do pha tap
Er** 1én 2%, cudong do phét quang chuyén



d6i nguoc cua vat lidu ting 1én (Hinh 2).
Tiép tuc tang ndng do pha tap Er** 1én 3%
(Hinh 3), cuong d6 phét quang cua vat liéu
lai giam hon so v6i mau & ndng do 2%.

Nguyén nhén giam cuong d6 huynh quang
khi tang ndng do Er** 1én 3% nay nhém
nghién ctu cho rang cd thé do xuét phat tir
hleu ung truyen nang luong gitra cac ion
Er** xay ra & ndng do cao. Mat khac, c6 thé
do cac tam phat quang Er** va cham voi
nhau va mit ning lwong. Hay néi cach khac
su giam cuong d6 huynh quang xay ra do
hiéu tng dap tat nong do [27, 28].
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Hinh 3. Phé huynh quang cua vat liéu NaYF,:
Er¥/yp*

Tir cac duong phd cho thdy, vat liéu
NaYFs Er*/Yb* & ndng do Er** 2% co
cuong do phéat quang cua la tot nhat. Cu thé,
cuong do phat quang cua vat liéu & nong do
Er** 2% tang khoang 1,5 1an so véi vat liéu
& ndng do Er** 1% va tang khoang 4,5 1an
s0 Vé6i vat lieu & ndng do Er** 3%. Tir cic
két qua thu dugc cd thé thdy, miu NaYF;:
Er¥*/Yb* vé6i nong do Er¥* 2% c6 phat xa
ving mau do 1 thich hop dé lua chon cho
cac buac thuc nghiém ng dung cho y sinh
[19].

Pé st dung duoc trong y sinh, ngoai tinh
chat phat quang tét, cau tric on dinh, vat
ligu phai co6 kich thudc nano trong khoang
tir mot dén vai tram nm. Nhiéu nghién ciu
cho thay, ¢ kich thudc nay, chung twong tir
VGi CAC cau trlic va to chic trong té bao, cho
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phép vat liéu xam nhap vao té bao mot cch
dé dang hon, do d6 c6 thé tuong tac voi té
bao hi¢u qua hon [16].

130 140 150 160
Kich thudce hat (nm)

Hinh 4. Anh FESEM (a) va phan bé kich thuwdc hat
(b) ciia mdu nano NaYF,: Er¥*/Yb®"

120

Két hop khao sét tinh chit phat quang,
chiing t6i tién hanh khao sat hinh thai hoc
va ciu tric cua vat liéu da duoc tong hop.
Hinh 4 trinh bay két qua anh FESEM (a) va
phan b kich thudc hat (b) cia vat liéu nano
NaYFs: Er*/Yb** véi nong d6 Er¥* 2% u
nhiét tai 200°C, 24 gio. Tu anh FESEM
trén Hinh 4a cho thay vat liéu tong hop
dugc ¢6 hinh dang hat cau, duong kinh
hat nam trong khoang tir 100 nm dén 200
nm. Két hop vai nghién ctu sy phan bd
kich thudc hat trong Hinh 4b, c6 thé két
luan rang, vat liéu dang hat cau, phan b
kha ddng déu, céc hat tap trung nhiéu ¢
kich thudc trung binh véi duong kinh
khoang 130nm + 150 nm. Do d6, cac vat
liéu co kich thudc trong khoang nay hoan
toan phu hop dé tng dung trong linh vuc
y sinh.
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Hinh 5. Gidn dé XRD cia mau NaYF,: Er¥t/yp®

Hinh 5 1a két qua phan tich gian 6 XRD
cuia mau NaYFs: Er¥*/Yb®* véi ndng do
Er¥* 2% u tai 200°C, 24 gio. Két qua cho
thdy céc dinh nhidu xa dic trung xuét hién
& céac goc 26: 17,0°; 29,9°; 30,8°; 34,7°;
43,5°; 46,5°;, 53,2°; 55,3° 62,3° 71,03°
va 86,7° tuwong tng trung vai vi tri cac
dinh cua thé chuan JCPDS (28-1192) cua
pha tinh thé B -NaYF, (pha luc gi4c) trén
thu vién ICDD. Ngoai ra, & gian d6 XRD
ciia mau khéng thay xuat hién cac dinh la
ciia cac tap chat khac. Do dé, vat liéu
NaYF,: Er/Yb®* két tinh tinh thé c6 ciu
tric don pha B -NaYF, (pha luc giéc).

4. Két luan

Trong bai b4o nay, ching t6i da tong hop
thanh cong vat lieu NaYF,: Er**/Yb*
thdng qua phuong phap thuay nhiét. ba
khao sat anh huong cua ndng do Er’* dén
tinh chat phat quang cua vat liéu. Cac vat
ligu nano NaYF,: Er*/Yb® déu co hiéu
ung chuyen doi nguoc phat quang vung
do. Két qua cho thay da chon duoc mau
NaYF,: Er*/Yb* voi ndng do Er®* thich
hop nhat 122% s6 mol. Ching cé hinh
dang hat cau voi duong kinh tir 200 nm
dén 200 nm, vat liéu két tinh tinh thé c6
cau tric don pha p -NaYF, (pha luc gic).
Céc két qua nghién ciu bude dau cho thay
hé vat lieu NaYFa: Er**/ Yb** ¢6 trién vong
sir dung lam cbng cu xac dinh nhanh céac
mam bénh, tao tién dé cho ung dung trong
y sinh.
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