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TOM TAT

Vat liéu nano phdat quang GdVO, dwoc tong hop bang phan img
né. Vat liéu sau khi tong hop dwege nghién ciru cdu tric, hinh thai bang
cdac phuong phap XRD, SEM, EDX. Tinh chat quang cua vat liéu duoc
khdo st bang phwong phdp phé huynh quang va phép do thoi gian
song huynh quang. Dudi dnh sing kich thich cé buéc song 254 nm,
phé huynh quang thé hién cdc chuyén doi ddc trung ciia ion Fu’®
Dy—"F, (J = 1,2,3,4), trong d6 phat xa dé img véi chuyén doi
’Dy—"F, 6 615 nm chiém wu thé. Thoi gian song hupnh quang ciia vit
liéu dwoc xdc dinh la 1,34 ms. Bude dau da cé tin hiéu thanh cong khi
thit nghiém muc in bao mdt voi thanh phdn gém GdVO,:5%Eu, PVA
va ethanol. Muc bao mdt phat quang do duoi anh sang kich thich co
budc song 254 nm.

1. GIOI THIEU

Trong nhimg thap nién gan day, vat liéu
nano da va dang trg thanh dbi twong nghién
ctru hip dan do chung cé nhiing tinh chét vo
cung dac bi¢t. Bén canh do, cong ngh¢ nano
dang dong gdp phan 16n vao su thay dbi bo
mat cua khoa hoc cong nghé hién nay boi cac
g dung rat rong rai tir vét lidu, xay dung,
san pham tiéu dung dén y té, dién tir va rat
nhiéu tng dung khac nita,...Trong sb do, vat
liu nano phat quang dang rat dugc chii trong
boi chung c6 rt nhidu ing dung quan trong
trong nghién ctru hoéa hoc (Hong Gu, 2019),
ndng nghiép (Thu, 2016), y sinh (Lien, 2020;
Tran, 2016)),... Cac nghién cuu trudc day
cling chung minh dugc mang chd vanadate
(VO43') c6 d6 bén hoa hoc cao, co tan sb dao
dong phonon thap, d6 1a mét trong nhiing 1y
do mang dén hiéu suit phat quang cao cta vat
lidu. Ngoai ra, ion Gd*™ ¢6 cu hinh 4f 16p v6
electron ban bdo hoa nén ning luong chuyén

mirc, kém chuyén dién tich va ning luong
chuyén doi f - f cta ion Gd*” cao hon mirc
ning lugng tuong mg cua cac nguyén to dat
hiém khéc, chinh vi vdy ion Gd*' khong giy
hiéu ung dap tat huynh quang cho cac ion dat
hiém khac (Minh, 2020). Tir nhimg dic diém
trén cho thdy vat lidu c6 nén GdVO, 1a dbi
tuong thu vi dé Gng dung tinh chit quang hoc.
Ngoai ra, viéc pha tap céc ion dat hiém, diéu
chinh ndng d6 ion pha tap dé c6 duoc tinh
chat quang nhu mong mudn (hiéu sudt phat
quang va mau phat xa). Cac nghién ctru trude
day cho thay ion Eu’" cho phat xa mau do rat
manh trong vung kha kién (Minh, 2020).

Cho dén nay, c6 rit nhiéu phuong phap
ché tao vat liéu nano nhu: phan ung pha ran,
déng két tua, thuy nhiét, phan ung nd
(Tuodng, 2007) ... Trong nghién ctru nay, vat
liéu duoc téng hop bang phuong phap phan
g nd vi day 1a phuong phap don gian nham
thu dwoc vat liéu co6 kich c¢& nanomet.
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Phuong phép nay dua trén phan Ung oxi hoa
- khtr gitra tac nhan khtr 13 cac chat hitu co ¢d
chtra nhém amino va tac nhan oxi héa 1a gbc
nitrate. Mudi nitrate ctia kim loai c6 trong
thanh phan vat liéu va chit khir dugc tron
1an trong dung dich. Sy c6 mit ciia nhom
amino khong nhirng lam tang kha nang hoa
tan cac ion kim loai nho kha nang tao phuc
ciia nhom ndy ma con cung cap nhién liéu
cho phan tng nd. Su tao phirc cling gbp
phan 1am giam tSc do hinh thanh vat liéu
nhd d6 han ché duge su phat trién kich
thude hat. Két qua la vat liéu thu dugc co
kich thuéc nanomet.

Ngay nay, cong nghé in bao mat ngay
cang dugc chi trong. Cong nghé in bao mat
thuong ap dung cho: cac san pham lién quan
dén bao mat trong kinh doanh nhu hop dong,
gidy bao hanh. Mot s6 mang tinh bao mét cao
hon nhu céac loai tién gidy, visa xudt nhap
canh, cac san pham lién quan dén viéc nhan
dang nhu: gidy khai sinh, gidy phép lai xe, cin
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cude cong dan, ho chiéu (Anh, 2011) ... Nam
2015, tac gia Nguyén Vil va cong su (2015)
d3 tong hop thanh cong vat liéu GdVO4:Eu’"
bang phuong phép thay nhiét. Két qua nghién
curu cho théy, vat li€u cho phat xa anh sang do
trong vung 594-700 nm dudi budc song kich
thich 330 nm, rat thich hop la vat liéu cho
viéc in bao mat.

Trong bai viét nay, vat li€u GdVO4Eu*”
duogc tong hop bang phuong phap phan tng
nd. Vat liéu sau khi téng hop duoc nghién ciu
ciu trGc hinh thai va tinh chat quang hoc
nham dinh huéng tmg dung in bao mét.

2. THUC NGHIEM

Hoa chat: Gd,O5 (Aldrich, 99,9%), Eu,0s
(Aldrich, 99,99%), urea (99%, Merck), HNO;
65% (Merck), NH,VO; (Merck).

Quy trinh téng hop vat liéu GdVO4:Eu®"
duoc mo6 ta ¢ Hinh 1.

[ NH:VO: J_{ H:0 ]
JBL.

~
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[ Gel vang ]
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Hinh 1. Quy trinh téng hop vt liéu GdVO4:Eu’*

Nguén: Minh, (2020).
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Trudc tién, dung dich hdn hop mudi
nitrate kim loai ¢6 thanh phan phu hop dugc
cho vao cbc thiy tinh va ¢6 can. Sau lan ¢
can thir 3, hon hop mudi nitrate cta cac kim
loai dugc hoa tan thanh dung dich bang 2 mL
nuoc. Dung dich mudi nay dugc cho thém
0,3 gam urea, dun trong 30 phut & 70°C, c6
khudy tir va ¢6 ndp ddy, thu dugc dung dich
1 khong mau.

0] mot cbc khac hoa tan NH4VO; vao
nude, gia nhiét & 70°C, khudy tir 30 phit thu
duoc dung dich 2 c6 mau vang.

Sau d6 dung dich 2 dugc nho tir tir vao
dung dich 1 thdy xuat hién vin duc mau
vang. Hon hop nay duoc dun tiép trong 30
phut, & 70°C, ¢6 nip day. Miu tién chit cua
vat liéu duoc séy & 80°C trong 12 gid, sau do
dem nung so b & 500°C trong 30 phat. Vat
lidu sau nung so by dem nghién nho roi tiép
tuc dugc nung & 900°C.

Muc in bao mat dugc ché tao co thanh
phﬁn hat nano GdVO,: 5%Eu’ ", chat lién két
PVA (polivinyl ancohol) va dung moi ethanol.
Trudc ti€n, hoa tan PVA vao dung moi
ethanol, sau d6 gia nhiét dung dich dén 70°C.
Duy tri nhiét d¢ nay va khudy tir lién tuc trong
30 phat dé dam bao PVA tan hoan toan. Sau
d6, ¢ dung dich ngudi dan vé nhiét do phong.
Thém bot phat quang GdVO4 5%Eu’” vao
dung dich PVA da chuén bi, sau do tiép tuc
khudy tir trong 30 phut dé tao hon hop déu.
Pem hon hop nay danh siéu 4m trong 15 pht
dé pha v cac két tu, giup phan tan cac hat phat
quang dong déu trong dung dich va dam bao
tinh ddng nhat ctia muyc in.

Vit liéu sau khi tong hop duoc nghién ciru
c4u tric bang phuong phap nhiéu xa tia X trén
thiét bi D8 - Advance - Bruker tai Vién Hoa
hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam, goc quét 20 tir 20° dén 70°. Hinh
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thai cua vat li€u dugc nghién ciu bﬁng
phuong phap hién vi dién ta quét (SEM) trén
thiét bj Hitachi S- 4800 tai Vién V& sinh Dich
t& Trung wong. Tinh chit quang cua vat liu
dugc nghién ctru bang phuong phap phd
huynh quang trén thiét bi Fluorolog- 3 tai
phong Hoéa phan tich, Vién Hoéa hoc, Vién
Khoa hoc va Cong nghé Viét Nam.

3. KET QUA VA THAO LUAN

3.1. Nghién ctru ciu triic va hinh thai
vt liéu GdVO4:5%Eu’

Hinh 2 trinh bay gian dd nhidu xa tia X
ciia mau GdVOy4: 5%FEu’” duoc nung & 900°C
trong 1 gio. Két qua cho thiy, pha tinh thé cua
mang nén GdVO, da duge ghi nhan: mau
nhén dugc 1a don pha, cAu trac tinh thé tot, tat
ca cac dinh nhidu xa déu phu hop véi thé
chudn JCPDS 17-1260, khong c6 pha tap xuat
hién trén gian do. Vat lidu GAVO, ¢6 cau tric
tinh thé tetragonal véi cac thong s mang a =
b= 7,213 A, ¢ = 6,348 A. Kich thudc trung
binh cua tinh thé tinh theo cong thirc Debye-
Scherrer nim trong khoang 30 nm. Két qua
nghién ctiru nay phu hop véi cong bd cua
Zhou Zhiqiang (2014).

Cuong di (d.v.1.d)
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Hinh 2. Gian dd nhiéu xa tia X ciia
GdVOg: 5%Eu’

Nguoén: Céng bé cuia tdc gid, (2024).
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Hinh 3. Anh SEM cia vat lidu
GdVO,:5%Eu’

Nguon: Cong bé ciia tac gid, (2024).

Dé khing dinh vé hinh thai va kich thudc
vat liéu ciing nhu anh huéng cua nhiét d6 dén
kich thudce hat vat liéu, vat liéu dugc tién hanh
chup anh hién vi dién tor quét (SEM). Anh
SEM cua vt lisu GdVO4: 5%FEu’" dugc trinh
bay & Hinh 3 cho théy: vat liéu c6 dang hat,
hinh twa cau, ¢6 kich thudc kha dong déu véi
kich thuéc trung binh nim trong khoang 30-40
nm. Két qua SEM ciing tring khop véi két qua
tinh todn tir phuong phap nhidu xa tia X. Vi
vy, c¢6 thé ndi, vat litu GdVO,:5%Eu’" da
duoc tong hop thanh céng bang phuong phap
phan tng nb.

Phé EDX coa mau vat liéu
GdVO4:5%Eu*" duge trinh bay ¢ hinh 4 dé
ching minh thanh phan hoéa hoc cia vat li¢u
va duoc thuc hién & ba vi tri khac nhau. Két
qua phan tich cho thdy, mau vat liéu gdm céc
nguyén td hoa hoc Gd, Eu, V, O va khong
xuit hién tap chat nao khac. Bang 1 thé hién
gi4 tri trung binh tai ba diém khic nhau cia
phan trim khdi lwgng, phan trim mol nguyén
tir cila timg nguyén to hoéa hoc hién dién trong
mau. Két qua cho thiy thanh phan nguyén to
ctia vt liéu phan bd tuong dbi dong déu.

v Gd

1 I | | | | |
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keV
Hinh 4. Két qua phan tich EDX ciia vt li¢u
GdVO,:5%Eu’"

Nguon: Céng bé cua tdc gid, (2024).

Bang 1. Ti 1 phin trim khéi lwong va phan trim mol nguyén tir clia cic nguyén t6 trong
mAu vat litu GAVO4:5%Eu®"

Gd Eu \% o)
Ng?oye“ Khéi Mol  Khéi Mol  Khéi Mol  Khdi Mol
lugng nguyéntdx lugng  nguyén Iugng nguyén luong nguyén
(%) (%) (%) tir (%) (%) tir (%) (%)  tr (%)
Vitil 56,79 16,99 3,18 0,98 17,69 1632 2234 65,71
Viti2 52,67 14,82 344 1,00 19.62 17,03 2427 6715
Viti3 57,19 17,06 2,94 0.91 17,31 1592 2256 66,11
]‘;)ril;]llllg 55,55 16,29 3,19 0,96 1821 1642 23,06 66,32

Nguon: Céng bé cua tac gid, (2024).
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3.2. Nghién ciru tinh chit quang ciia vat
liéu GAVO4:5%Eu’

Tinh chit quang cua vat liéu dugc nghién
ctru bang phuong phap phd huynh quang.
Thong qua phd phat xa huynh quang, céac
thong sé quang hoc dugc tinh toan nhdm dinh
huéng tng dung vé quang hoc cia vat lidu.

Hinh 5 1a pho kich thich huynh quang cta
vét lidu GdVO4:5%Eu. Phd kich thich gém
dai rong ¢ ving budc séng ngin (250-350
nm) va cac vach hep, sdc nét & vung budc
song dai hon (350-500 nm) (Thakur, 2015;
Hien, 2018). Phan dai rong chinh 1a ving
truyén dién tich. C6 hai dai rong nim trong
ving nay. Dai rong thir nhit nam & quanh
ving 315 nm 1a ving hap thy cia nhoém
vanadate. Dai rong tha hai ndm ¢ ving quang
280 nm chinh 13 ving truyén dién tich Eu-O,
electron chuyén tir orbital 2p cia oxyen sang
orbital 4f ciia Eu. Cac vach kich thich hep, séc
nét twong (mg voi cac chuyén doi f-f cua ion
Eu’. Cu thé nhu sau: cac vach kich thich &
364, 378, 394, 417 va 467 nm tuong ung voi
cac chuyén doi 'Fop—°D4 "Fo—"Gs, 'Fo— L,
7F0—>5 D; va 7F0—>5D2 cua ion Eu’” (Zhiqgiang,
2014; Minh, 2020; Vineet, 2014).

CTB

Cuong dé (d.v.t.d)

300 350 400 450 500
Budc song (nm)

Hinh 5. Phé kich thich huynh quang ciia
vat liéu GAVO:5%Eu’

Nguén: Cong b6 ciia tac gid, (2024).
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Dya vao két qua cia phd kich thich
huynh quang, budc song kich thich dugc lya
chon 1a 254 nm dé khao sat phd huynh
quang. Hinh 6 1a phd huynh quang cua vat
litu GdVO4:5%Eu’". Phé huynh quang gdbm
cac vach hep tuong ung véi cac chuyén doi
Dy—'F; (J = 1 — 4) cta ion Eu®". Céc dinh
tiéu biéu 1a 594 nm Ung vé&i chuyén doi *Dy
— F| ung véi phat xa mau cam; phat xa mau
d6 quanh 615 nm tUng v&i chuyén doi
5D0—>7F2; 652 nm ung voéi chuyén doi
5D0—>7F3; 702 nm Ung véi chuyén doi 5Do
—'F4 (Minh, 2020 ; Hien, 2018). V& huynh
quang cia Eu’’, chuyén doi "Dy—'F, la
chuyén doi ludng cuc tir duge phép va cudng
dd cia ndé phu thudc vao mdi truong xung
quanh cua ion Eu’*; chuyén doi *Dy—'F, 1a
chuyén doi ludng cuc dién dugc phép va
cuong do cua nd nhay vé6i ciu trac dinh xt
ctia ion Eu’"; chuyén doi *Dy—'F, 1a chuyén
doi bi cAm va dugc giai phong mot phan tuy
theo dbi xtng cua tinh thé, chuyén doi nay
chi nhan dugc khi ion Eu®’ duoc dit vao vi
tri dbi xtmg thap (Hien, 2018).

= GdV0,:5%Eu
£
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Hinh 6. Ph6 huynh quang ciia vét liéu
GdVO4:5%Eu’

Nguén: Cong b6 ciia tac gid, (2024).
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Hinh 7. Thoi gian séng huynh ?uang cua
vat liéu GAVO4:5%Eu’"

Nguon: Cong bé ciia tac giag, (2024).

Hinh 7 1a cac dudng cong suy giam huynh
quang ddi v6i cac mau GdVO,:5%Eu tng véi
chuyén doi *Dy—F,, bude séng kich thich va
phat xa twong ung 1a 254 nm va 620 nm. Co
thé thdy ring, thoi gian phat xa cua ion Eu’"
dugc xac dinh phuong trinh (Minh, 2020):

1= A exp(-t/r) + Arexp(-t/tr)

Két qua thoi gian séng huynh quang trung
binh cua vat liéu GdVO4:5%Eu®" duoc xac
dinh 1a 1,34 ms. Ngoai ra, ty s6 phan nhanh
ciia mot chuyén doi quang hoc 13 mot yéu td
quan trong khi danh gia tiém ning tng dung
trong cac thiét bj khuéch dai quang hoc hoac
laser. Khi ty s6 phan nhanh vuot qua 50% cé
nghia 1a chuyén doi d6 chiém wu thé va c6
kha ning cao s& déng goép dang ké vao qua
trinh phat xa hoac khuéch dai anh sang. Cu
thé trong trudong hop nay, két qua phd huynh
quang (Hinh 6) cho thiy ty s6 phan nhanh
ctia phat xa do *Do—'F, dat dén 63,12%. Ty
s6 phan nhanh cao nay khing dinh rang
phat xa do¢ 1a loai phat xa chinh trong qua
trinh nay. Két qua nay cho thdy vat liu
c6 thé mang lai hiéu qua cao hon cho cac ung

dung nhu laser d6 hodc cac bo khuéch dai
quang hoc hoat ddng ¢ budc soéng tuong Gng.

Muec in bao mat chira ion dat hiém la mot
phan quan trong trong cong nghé in 4n va an
toan bao mat. San pham muyc in cua dé tai
nghién ciru bao gdm: vét liéu GdVO,:5%Eu’"
chiém ti 1& 1,5% khéi lugng. Chat lién két
dugc st dung la PVA (polivinyl ancohol)
chiém 85% vé khéi lugng. Dung méi phén tan
1a ethanol c6 phan trim khéi lugng 1a 13,5%.
Bén canh d9, k¥ thuét in lya duoc lya chon thi
nghiém vi day ky thuét in phd bién nhét trong
in 4n thwong mai vi ¢6 chit luong hinh anh
cao, dd nét 1on. Duéi day 1a hinh anh cta budc
d4u thir nghiém in bao mat (Hinh 8). Két qua
cho thdy, ¢ diéu kién thudong muc khong mau
nhung khi chiéu xa bang 4nh sang c6 budc
song 254 nm tir dén cé ban trén thi truong,
muc phat quang mau do.

Hinh 8. MAu in thir muc huynh quang
ché tao tir vat liéu GAdVO.:5%Eu’”

Nguon: Céng bé ciia tic gid, (2024).

4. KET LUAN
Vit lidu GdVO4:5%Eu’™ di duogc tong
hop thanh cong bang phuong phap phan tng
nd, st dung urea lam nhién li¢u, vat li¢u co
hinh tya cdu, kich thuéc kha dong déu nim
trong khoang 30-40 nm. Dudi budc song
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kich thich 254 nm, vét liéu cho phat quang
mau do thuan Gng véi chuyén doi *Do-'F,
(615 nm). Thoi gian séng huynh quang cia
vat liéu ciling tinh toan dugc 1a 1,34 ms. Vit
liéu duge lua chon dé ché tao muyc in bao mat
v6i thanh phan gdm: bot nano phat quang
GdVO4:5%Eu, chit lién két PVA va dung
moi phén tan ethanol. Myc in cho phat xa dé
r& nét khi duge kich thich bang anh sang cé
budc song 254 nm.
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SYNTHESIS AND PROPERTY INVESTIGATION OF THE LUMINESCENT

NANOMATERIAL GdVO04:5%Eu** FOR SECURITY FLUORESCENT INK
APPLICATIONS

ABSTRACT

The luminescent nanomaterial GdVO, was synthesized via a combustion method. The structure and
morphology of the synthesized material were studied using XRD, SEM, and EDX methods. The optical
properties of the material were recorded by fluorescence spectroscopy and fluorescence lifetime
measurement. Under excitation light with a wavelength of 254 nm, the fluorescence spectrum showed the
characteristic transitions of Eu'" ions "Dy—"F; (J = 1,2,3,4), in which the red emission corresponding to
the transition >Dy—"F, at 615 nm was dominant. The fluorescence lifetime of the material was determined
to be 1.34 ms. There was an initial successful signal when testing security ink with a composition of
GdVO . 5%Eu, PVA, and ethanol. The security ink fluoresced red under excitation light with a wavelength
of 254 nm.

Keywords: GdVO,:Eu, luminescent materials, nano materials, security fluorescent ink
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