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TOM TAT

Bot nano NaYF.4 pha tap Eu’* duoc ché tao
bang phwong phdp thity nhiét & nhiét dg 180 °C
trong 24 gio, sau do dwoc nung ¢ 500 °C trong
khéng khi. Két qua phan tich XRD cho thdy vt
liéu NaYF4 ché tao dwoc cé céu tric pha f va su
hién dién ciia ion Eu’* khéng lam thay déi cau triic
cia hat nano. Khi dwoc kich thich bang dnh sdng
tirngogai co buoc song 395 nm, vat liéu phdt quang

Tir khoa: vat liéu phdt quang, NaYF 4, muc in bao mdt

MO PAU

Ngay nay, vat liéu nano da thu hat dugc sy
quan tim chu ¥ ctia rit nhiéu nha khoa hoc cé trong
va ngoai nudc, va mot trong nhiing tinh chit quan
trong trd thanh ddi twong nghién ctru hip din d6
1a tinh chét quang hoc. Vét liéu nano phat quang
¢6 mg dung thue tién trong cac k¥ thudt truyén
thong, hién thi hinh anh, chidu sang, danh diu
huynh quang, cdng nghé in bao mat va nghién ctru
tng dung vao y sinh hoc [1-3]. Trong nhiing ng
dung d6, myuc in phat quang st dung nguyén vat
lidu nén fluorite pha tap ion dit hiém dang duoc
quan tdm nghién ctru do tinh bao mat cao. Hi¢u
sudt phat quang, mau phat xa cua vat liéu phu
thudc vao su lya chon mang nén, néng do chét kich
hoat, n@)ng do chét tang nhay cling nhu diéu kién
va phuong phap tdng hop vt liéu [1,2]. Europium
(Eu) dic trung béi qua trinh chuyén mirc Do— 7Fo.

manh & 3 viing phé & bude séng 592nm, 615nm va
689-695nm  twong tmg véi cdc dich chuyén
’D,—F1,°D,—'F»,°D,—'F; dic trung cia Eu’*.
Trong nghién ciru nay, hat nano dwoc sir dung aé
ché tao muyc in theo cong thirc myc in thong dung,
cho thdy tinh bdo mdt tot, chi phdt quang dnh sdng
mau dé cam khi dwoc chiéu xa dudi bude song 254

nm.

scho phat xa d6 ddng thoi hiéu sudt phat quang cao
dudi kich thich tir ngoai UV. Vat li¢u nano NaYF4
pha tap ion Eu** cho phat quang manh tai ving
mau do véi cuc dai 615 nm, trong d6, NaYF4dong
vai tro 12 mang nén, Eu®* déng vai trd 13 ion phat
quang (dugc goi la ion kich hoat), phat xa manh
nhat ¢ budc song 615 nm va hai ving phat xa
twong d6i yéu hon & 584 va 697 nm. Cac phuong
phap khac nhau di dwoc sir dung dé tdng hop vat
liéu nano phat quang nhu phuong phap thiy nhiét,
ddng két tna, tdng hop trong dung méi polyol [4-
6]. Trong do, phuong phap thily nhiét c6 nhitng loi
thé vuot trdi nhu: nhiét do tong hop twong ddi thap
(dudi 250 °C), kich thuéc, ciu truc va hinh thai
hoc ciia san phém phu thude vao cac diéu kién thuy
nhiét va d& dang dugc didu chinh, do tinh khiét cua
san phim cao do sy tai két tinh xay ra trong dung
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dich thay nhiét. VAt liéu NaYF, thé hién tinh chat
12 mot nén pha tap ion dat hiém t6t khi cdu trac
tinh thé twong mg voi pha B [7,8]. Trong cong
trinh nghién ctu nay, phuong phap thuy nhiét
dugc chon dé téng hop hatnano NaYF4:Eu’*, déng
thoi khao sat céu truc, tinh chit quang va budc dau
ung dung vao ché tao muc in bdo mat.

VAT LIEU VA PHUONG PHAP

Bot nano NaYF, dugc téng hop béng phuong
phap thay nhiét theo quy trinh gdm 2 giai doan:
giai doan 1 1a ché tao bot tién chat (muéi stearate
d4t hiém), giai doan 2 13 qué trinh hoan thién phan
ung trong binh thily nhiét (autoclave) dé tao ra bot
nano.

Giai doan 1: Dung dich 1 gém 0,2987 g mudi
nitrate yttrium Y(NO3)3.6H,O; 0,8534g stearic
acid C7H3sCOOH va 15 mL ethanol dugc hoa tan
trong binh cu 1 ¢ bang may khudy tir gia nhiét &
50 °C trong 30 phiit, sau 6 dung dich 1 dugc ning
nhiét 1én 78 °C. Dung dich 2 chira 0,119 ¢ NaOH
ran dugc hoa tan trong 2 mL ethanol, ding dng
nhé giot nhé tir tir dung dich 2 vao binh cau chira
dung dich 1, hdn hop dugc khudy tir trong 50 phit,
sau d6 quay li tAm véi tbe do 3500 vong/phut trong
15 phut thu duoc tia mau tring. Rura tha 3 1an véi
ethanol, sau d6 siy & 100 °C trong 12 gio, thu dwoc
mubi yttrium stearate (YS) (b6t tién cht).

Giai doan 2: Dung dich 1 gdm 7,8 mL nudc
cAt 2 1an; 11,7 mL ethanol; 3,9 mL oleic acid dugc
khqu tur trong 15 phuit dé tao hdn hop df”)ng nhét.
Sau d6, rot dung dich 1 vao hdn hop chira 0,75 g
bot tién chat va 0,1644 g mudi NaF. Hon hop duoc
khudy tir trong 30 phut, sau d6 siéu 4m 15 phut,
thu dwoc mot dung dich huyén phu dang keo. Rot
dung dich vao binh Teflon, gia nhiét & 180 °C
trong 24h, dé dung dich ha nhiét vé nhiét do
phong. Dung dich sau thuy nhiét c6 mau vang
canh gian. Tién hanh quay li tm, 14y két toa, rira
két tia 3 14n v6i hdn hop ethanol va chloroform (ti

18 6:1), sau d6 rira v6i ethanol 3 1an. Cudi cing sdy
tia thu dugc & 100 °C trong 12 h, thu dugc bot
nano NaYFa.

Quy trinh tdéng hop bot nano NaYF, pha tap
Eu’* (NaYF4:Eu®") gidng véi quy trinh téng hop
bot nano NaYF,, trong do tap chét Eu dugc dua
vao giai doan 1 bdng cich cho mudi
Eu(NOs);.5H,0 va mubi Y(NO3);.6H,O ciing
tham gia phan tmg dé tao mudi tién chit 1a mudi
stearate dat hiém. Khéi luong mubi Eu(NO:3);
duoc tinh dyua vao s6 mol theo ti 1¢ pha tap ctia ion
Eu’*. Trong cong trinh nay, ching t6i tién hanh
pha tap Eu®" vao NaYF, véi cac ndng d6 1an luot
la5 % va 10 % mol.

Tinh chét ciu tric cta vat liéu duoc khao sat
bing phuong phap nhidu xa tia X (XRD) duoc
thyc hién trén thiét bi BRUKER XRD-D8
ADVANCE, birc. Phé tan xa Raman duoc ghi
nhan bang phd ké micro Raman LABRAM 300
(Horiba JOBIN YVON) dé kiém tra céu tric va
cac tap chét hitu co trong vat li¢u. Hinh thai hoc
cua vat liéu duoc khao sat béng kinh hién vi dién
tir truyén qua (TEM) str dung hé do Jeol JEM-
1400, Japan. Tinh chét quang vat liéu dugc khao
sat béng phé phat quang (PL) va phé kich thich
phat quang (PLE) trén h¢ do Horiba Nanolog véi
anh sang kich thich tir dén Xenon ung véi budce
song 395 nm.

KET QUA VA THAO LUAN
Céu triic vat liéu NaYFy

Dé danh gia vai trd ciia axit oleic 1én cdu tric
vt lidu, ddng thoi dua ra didu kién téng hop tbi
uu, bot nano NaYF4 dugce khao sat theo ti 1€ giita
mubi yttrium stearate (YS) va oleic acid (OA). Cac
ndng do khao sat bao gdm cac ti 1& s6 mol twong
tmg (nys:noa) = 1:2, 1:5, 1:8, 1:16. Mau dugc sdy
& nhiét d6 100 °C trong khéng khi. Két qua khao
sat dugc danh gia qua gian d6 nhidu xa XRD (Hinh
1) va anh TEM (Hinh 2).
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Hinh 1. Gian dd XRD cua cac miu NaYF4 véi cac ti 16

YS:OA khac nhau

Két qua XRD cho thdy cic miu vdi ti 18
YS:OA tuong ung la 1:2, 1:5, 1:8, ngoai su Xuét
hién cta cac dinh tai vi tri goc 20 =29,99°; 30,82°;
34,80°; 39,68°; 43,50°; 46,58°; 51,98°; 53,19°;
53,64 va 55,14° tuong Ung v6i cdc mit mang
(110), (101), (200), (111), (201), (210), (002),
(300), (211) va (112) cua pha p- hexagonal NaYF4
thi trong gian d6 XRD con xuit hién thém cac dinh
dac trung cho pha o cta NaYF; & vi tri 20 =
28,27°; 32,69°; 46,9°; 55,66°; 58,29° ng vi cac
mat mang (111), (200), (220) va (311). Khi tang ti
16 YS:OA 1én 1:16 thi cac dinh dic trung ciia cdu
triic pha o hoan toan bién mit va mau gan nhu tinh
khiét khong c6 13n nhitng tap chét khéc.

Anh huéng cia ham lugng oleic acid 1én hinh
dang ciia mau ciing dugc thé hién trong anh TEM.
Khi ting ti 16 OA thi vat liéu khong con bi két dinh
dang thanh nita c6 thé giai thich 1a do oleic acid
dong vai tro 1a chét hoat dong bé mat, do d6 ting
ham luong OA s& lam cac hat tach roi nhau dé
dang hon hay noi cach khac céc hat co kich thudc

R *_‘ -

Hinh 2. Anh TEM ciia miu NaYF véi cac ti 18
YS:0A

A)Tilgl1:2 B)Tilgl:5 C)Tilg1:8 D)Til¢1:16

nho hon [13]. Do @6 ti 1¢ YS:0A = 1:16 duogc lya
chon dé tong hop bot NaYF, pha tap Eu. Két qua
phan tich gian dd XRD cho thiy kich thuéc tinh
thé trung binh khoang 38nm. Tir két qua anh TEM,
phén mém Visilog dugc st dung dé tinh toan sy
phén b kich thude hat va cho théy kich thuéce hat
trung binh khoang 45nm.

Céu tric vat liéu NaYF4:Eu

Pé loai bo cac ligand hitu co va ting cudng
phat quang ciia Eu**, cac miu dugc nung & 500°C
Vi cac thoi gian 0 khic nhau. Anh huéng cia
nhiét d6 nung 1én ciu truc va tinh chit quang cua
NaYFs:Eu dugc nghién ctru bing phd Raman,
XRD va phd phat quang. Cac miu duge nung &
500 °C véi ti 1€ tap ion Eu** dugce chon 1a 5 % va
10 % mol. O day nhiét d6 500 °C duogc chon boi
vi & cac nhiét d6 nung cao hon mau thay ddi mau
sic chuyén sang mau xam. Cac lién Kkét dic trung
va cAu trac cua vat lidu mot 1an nita duge kiém tra
lai khi pha tap ion Eu.
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Hinh 3. Phd Raman ctia mdu NaYF4:5%mol Eu3* &
nhiét d6 100°C va 500°C

Phé tan xa Raman (Hinh 3) duogc sir dung dé
phan tich cac lién két ddc trung trong mau, mau
bot nano pha tap 5 % mol Eu** nung & 100 °C
khong thé hién cac lién két dic trung trén phd
Raman, diéu nay co thé duoc giai thich 1a do hién
tuong huynh quang ciia cic chat hitu co con trong
mAu bao phu cac dinh tan xa. Phé Raman ctia mau
nung & 500 °C thé hién 2 ving dinh phé 13 rang,
cach biét nhau. Ving c6 sb song tir 200cm™ dén
500cm’ gdm céac dinh phd 292, 388 va 418cm!
day 1a ving déc trung cho cac dao dong cua NaYF4
pha B [9]. Vung thtr 2 ¢6 s song 1én hon 1000cm
I'1a cac dao dong dic trung cho hop chét hitu co.
Dinh tai s6 s6ng 1299cm! dic trung cho dao dong
hoéa tri cta lién két C-H (-CH,- ctia diy ankane),
dinh kép c6 s6 song 1419cm™ va 1455¢cm™ 1a dao
d6ng bién dang dic trung cho lién két C-H (R-
CHy), dinh c6 sb song 1682cm! 1a dinh dic trung
cho dao dong hoa tri khong bio hoa cua lién két
C=C (trans), day 1a nhing lién két dic trung cia
oleic acid [10].

So sanh gian d5 XRD cta miu khong pha tap
va pha tap 5% mol Eu** ¢ Hinh 4 cho thiy su hién
dién ciia cac ion Eu** khong lam thay di cau tric
ctia tinh thé NaYF, pha B. Hon nira, vi tri cac dinh
nhidu xa van gitt nguyén khong ddi va khong c6
su xuét hién cta dinh méi ching té cac ion dét
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Hinh 4. Gian d6 nhiéu xa XRD ciia miu NaYF4 khong
pha tap va pha tap 5%mol Eu**

hiém Eu* dé vao thay thé ion Y** trong mang tinh
thé ciia NaYF,.

Qua trinh nung mau & 500 °C véi cic thoi gian
nung khac nhau ciing khong 1am thay doi céu triic
B ctia NaYF,. Tuy nhién, khi tang thoi gian nung
1én 6 gior thi NaYF, chuyén hoan toan sang pha o
(Hinh 5).

Phé quang phat quang ciia vét liéu NaYFs:Eu

Phd kich thich phat quang (PLE) trén Hinh 6
ctia mau NaYF4:5 % mol Eu'dugc do & budce song
phat xa 615nm c6 su xuét hién cua cac dinh hép
thu hep dic trung cho sy dich chuyén ciia dién tir
tlr trang thai co ban "Fy 1én céc trang thai kich thich
ctia ion Eu* [11]. Ngoai ra, bo hip thy manh &
budc séng 254 nm 1a do dich chuyén truyén dién
tich [12]. Phé PL ciia mau NaYF,:Eu** pha tap véi
céc néng d6 5 % va 10 % mol cho thiy su xut
hién ba ving phd & bude séng: 592, 615 va ving
689-695 nm, tuong ng v6i cac dich chuyén: Dy
— F1, °Do— "F2 va ’Dy — "F3 ddc trung ctia Eu®*
(Hinh 7). Sy canh tranh vé cuong d¢ cua hai dinh
tai budc song 592 nm va 615 nm cho phat quang
mau dé cam. Phd phat quang cho thiy cuong do
phat quang tang khi ting ndng d¢ pha tap ion dat
hiém. Tuy nhién, dé xac dinh dwoc ngudng ndng
d6 pha tap Eu gy ra dap tit phat quang thi can c6
thém dir liéu ¢ cac n@)ng do tap cao hon.
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Hinh 5. Gidn d6 XRD cta miu NaYF4:5% Eu nung & 500°C véi cic thoi gian nung miu khac nhau
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Hinh 6. Phé PLE ciia miu NaYF4:5% mol Eu3*

Thir nghiém ché tao muc in

Pé thir nghiém ché tao myc in phat quang, dau
tién mau NaYF4:Eu** (5 % mol Eu**) dugc nung &
500°C trong 5 gid. Dung dich gom nudc khir ion
va poly (vinyl alcohol) (PVA- [CH,CH(OH)].)
duogc khudy tir v6i toe d6 500 vong/phut trong 15
phit & 40°C. Sau d6 diethylene glycol (DEG-
(HOCH>CH>),0); glycerol (C3;Hs(OH)3) va urea
((NH,),CO) duoc cho vao khudy trong 10 phut dé
tao dung dich ddng nhit. Diethylene glycol va
glycerol s& tao do nhét va sirc cing bé mat cia
muec, urea 13 tac nhan giap on dinh dé nhét cho
toan by dung dich, tranh hién tugng tao gel cla
méu khi dé ¢ nhiét 46 phong trong thoi gian dai.
Bot NaYF4: 5 % mol Eu?* véi ti 18 16 %wt. duoc
cho vao dung dich va khudy tir trong 50 phut dé
tao hén hop dung dich huyén pht mau tring sita.
Dung dich myc in dugc siéu am gia nhiét trong 30

sD°-7F2 Ay, = 395 nm

Cudng dj phét quang (d.v.t.d)

M
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Hinh 7. Phd PL ctia miu NaYFs:Eu v&i ndng d6 pha
tap 5% va 10% mol Eu**

phut dé tao huyén phi phén tan déu, d& dang cho
viéc dua vao ung dung.

V6i quy trinh ché tao trén, muc in duoc tién
hanh khao sat d¢ tham wdt, & ddy sb lidu tir hinh
anh duoc xir 1y bang phan mém Image J. Nho giot
muc trén bé mit gidy A4 va khao st trong 10 phut,
nhan thiy goc thim wét giam theo thoi gian, két
qua thé hién & Hinh 8. D6 thim wét duge do biang
goc thdm wét, 1a goc hinh thanh giita tiép tuyén
ctia giot chét long tai diém tiép xuc gitra pha khi
vGi bé mit pha 1ong. Chit 1ong thdm w6t hoan toan
khi 6 = 0°, né hoan toan khong thim wét khi 6 =
180°. Sau 10 phut, giot myuc hau nhu da thdm vao
trong gidy.

Mau sic cua muc in duogc ché tao theo quy
trinh trén trudc khi chiéu UV budc song 254nm cd
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mau tring duc nhung sau khi chiéu UV ¢6 mau d6
cam (Hinh 9). Két qua nay cho thiy tinh bao mat
cua muc in ché tao duge. Tuy nhién, dé tang tinh

804

604

Géc thim w6t (do)

4 6 8 10
Thdi gian (phit)

o
~

Hinh 8. Goc thim wét ctia dung dich myec in theo thoi
gian

KET LUAN

Bot nano NaYF,:Eu dugc ché tao theo phuong
phap thuy nhiét, sau d6 nung ¢ 500 °C trong 5 gio
& mdi trudng khong khi thé hién hoan toan ciu tric
pha B-hexagonal. Qu4 trinh pha tap Eu’* khong
anh huong dén cdu trac tinh thé cta chit nén
NaYF4. Khi ham lugng tap tang thi cuong do phat

béo mat hon nita, cn phai tiép tuc nghién ciru anh
huéng cua ndng do tap 1én cudng d6 phat quang
va ti 1€ gitta cac dung moi trong cong thirc muyc in.

@ -
EE

Hinh 9. Anh myc in A) trude khi chiéu UV va B) sau
khi chiéu bang birc xa UV 254nm

quang cua cac ion Eu®* ting. Budc diu thir nghiém
cho théy muc in st dung vt li¢u NaYF4:5 % mol
Eu®" cho phét quang 4nh sang mau d6 cam khi
dugc kich thich bang anh sang tir ngoai c6 budc
song 254 nm.

Loi cém' on: Nghién‘ cteu nay dwoc tai tro boi Pai
hoc Quoc gia TP Ho Chi Minh (DHQG-TPHCM)
trong khuon kho dé tai ma so C2017-18-07.

Synthesis of NaYF4doped with Eu*ions
by hydrothermal method for the application
in the security printing

e Cao Thi My Dung
e Nguyen Van Thon
e Tran Thi Thanh Van
University of Science, VNU-HCM

ABSTRACT

NaYFy nanocrystals doped with Eu’* ions
have been prepared by hydrothermal method at
180 °C for 24 hours, then they were treated at 500
°C in air. The result of XRD showed NaYFy
nanocrystals exitsted hexagonal p phase. The
structure of NaYF4 was not affected by the

presence of rare earth ion. Under excitation at 395
nm, the PL spectra have emission bands at 592,
615 and 689-695 nm attributed to °D,—Fi,
’D,—’F> and °D,—F3 transitions of Eu’* ion.
NaYF4:Eu NPs possess a high security properties
upon an excitation at 254 nm.
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