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TOM TAT

Cdc nano tinh thé (NC) ZnO dong pha tap cdc ion Ce** va Tb** da duwoc tong hop thanh cong
bang phwong phdp Sol-Gel. Su" hién dién va ham lu’(mg ciia cde nguyén té ¢ trong mau dwoc
khdo sat théng qua phé tan sac ning lwong (EDX). Cdu tric, kich thudc tinh thé va sw pha tap
thanh céng cdc ion dat hiém (RE) vao mang nén ZnO dwgc nghién ciru va chitng minh bang gidan
d6 nhiéu xa tia X (XRD). Tinh chat quang ciia cac NC ZnO dong pha tap cdc ion Ce®" va Tb**
dwge nghién ciru thong qua phé kich thich (PLE) va quang hupnh quang(PL). Qud trinh truyén
ning lwong tir cac ion Ce®* t6i cdc ion Th®* da dwoce nghién civu va gidi thich chi tiét. Cac NC
ZnO pha tap cac ion Ce®* va Tb* hodn toan khong doc hai va co thé dwoc diéu khién cdc dac
trung quang hoc nho thay doi nong d ion Th* . Két qua nghién ciru ndy mé ra nhiéu kha ning
ung dung cua vdt liéu trong cdc linh vuc chiéu sang va danh ddu sinh hoc.

Tir khoa: ZnO; lon Ce** va Tb*"; Pha tap; Tinh chit quang; Truyén nang luong.
1. MO PAU

Trong vai thap ky gan déy, cic nano tinh thé (NC) ban din dugc quan tim va nghién ctru
nhidu do céc tinh chat quang hoc doc ddo cua chiing ma cac ban dan khdi cung loai khong co
duoc nhu thay d6i budce song phat xa khi thay doi kich thudc hat, hiéu suat phat xa cao va thoi
gian séng huynh quang dai. Cac NC ban dan c6 nhiéu tng dung trong cac linh vuc chiéu sang,
danh déu sinh hoc, quang dién tir va pin mit trdi [1-3]. Cac NC ban dan da thu hit duoc sy quan
tam nghién clru nhiéu cua cac nha khoa hoc chu yéu la cac hop chét ban dan ho A,Bg nhu CdSe,
CdS, CdTe, ZnS, ZnSe, ZnTe, ZnO [4-7]. Cac hop chét chira Cd thuong kha doc voi con nguoi
va moi trudng nén khong thich hop cho cac tng dung sinh hoc. Trong ciac NC ban din ké trén,
ZnO 1a mot hop chit ban dan thu hat duoc nhiéu sy quan tim nghién ciru do céc tiém ning Gmg
dung trong cac thiét bi quang dién tir, pin mat trdi, va cac ing dung y sinh [8-10]. ZnO la chét
ban din ving cdm thing véi do rong ving cim khoang 3,4 eV va ban kinh Bohr exciton nhé c&
2,5 nm. ZnO khéng ddc hai, than thién voi moi trudong va on dinh vé mat hoa hoc hon céc hop
chat khac trong nhom ban din ho A,Bs [9]. Do ning luong ving cdm 16n nén ZnO rat thich hop
1a vat liéu nén dé pha tap cac ion kim loai chuyén tiép (KLCT) hoac cac ion dat hiém (RE) dé
tang cuong thém tinh chat dién, tir va quang cua vat liéu.

Céc nguyén t6 dat hiém hoa tri ba 1 cac tim quang hoc c6 kha nang phait quang rat tot véi
dic trung phd phat xa hep, it chiu anh hudng clia mang nén va thoi gian séng huynh quang dai.
Céc NC ban dan ving ciAm rong 1a cac vat liéu nén phi hop dé pha tap cac ion dat hiém, khi do,
céc ion dét hiém s& dong vai trd 14 cac tdm phat xa [11]. Cac NC ban dan pha tap voi cac ion dat
hiém hoa trj ba gitip cai thién dang ké hiéu suat quang lugng tir, ting d6 bén nhiét va thoi gian
phat quang ciing nhu giam hién tuong ty ddp tit huynh quang do khong c6 su tu hap thu va
chuyén hoa niang luong [12]. Budc song va thoi gian phat xa cia cac NC pha tap cac ion RE c¢6
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thé dugc diéu chinh bang cach thay doi thanh phan va ndng do cua cac ion RE. Cac ion RE hoat
dong nhu nhimg tdm phat quang trong cac NC ban dan pha tap, do d6, cic NC pha tap cic ion
RE duogc coi 1a nhitng ung cu vién day trién vong cho cac tmg dung chiéu sang [13]. Trong s6
cac ion RE, xeri (Ce) 1a mot nguyén té co kha nhiéu trong tu nhién va thuong duoc su dung aé
ché tao vat lidu phat quang mau xanh lam trong khi Terbium (Tb) chu yéu duoc sir dung dé ché
tao vat liéu phat quang mau vang va cam. Do phd huynh quang cia Ce** chdng chap v6i cac dai
PLE cta mét sé ion RE** (vi du Sm**, Eu®, Tb*,...) nén Ce* thuong dugc sir dung nhu cac tim
tang nhay cho huynh quang cua cac ion dat hiém khac khi chiung dugc dong pha tap trong cac vat
liéu huynh quang. Céc nghién ctru da chi ra ring, trong cac vat liéu ddng pha tap cac ion Ce** va
Tb*" s& tang cudng hiéu sudt phat xa cta cac ion Tb®* do qua trinh truyén ning luong[14].

Trong bai bao nay, chiing tdi trinh bay cac két qua ché tao cac NC ban dan ZnO dong pha tap
céc ion Ce* va Tb** biang phwong phap Sol-Gel. Thanh phin, ciu tric cua cac NC duge nghién
ctru thong qua phd tan sic nang lu’ong (EDX) va gian d6 nhifu xa tia X (XRD). Cac tinh chat
quang duogc nghién clru thong qua pho hap thy, kich thich quang, quang phat quang va thoi gian
song huynh quang. Co ché truyén ning lugng tir cac ion Ce®* téi cac ion Tb>* dd dwoc nghién
clru va giai thich chi tiét.

2. THUC NGHIEM

Céc nano ZnO pha tap cac ion Ce** va Tb* dugc tong hop bing phuorng phap Sol-Gel. Trong
qua trinh nay, mudbi Zn acetat, Ce-acetat va Th-acetat dwoc st dung 1am tién chét caa Zn**, Ce**
va Tbh**. Cac loai mudi nay duoc tron dé thu duoc dung dich 0,2 mM trong 100 ml etanol & nhiét
d6 phong. Dung dich ban dau c6 mau tring duc, dang huyén phi. Ty Ié mol cua Zn-axetat trén
Ce-acetat va Th-acetat thay déi tly theo ndng d6 caa Ce** va Tb**. Sau do, hdn hop dugc chuyén
vao mét thiét bj chung cit va dun so6i trong diéu kién khudy tron manh ¢ 90 °C cho dén khi dung
dich chuyén sang trong subt (goi la Sol. A). Tiép theo, 10 mM bot LiOH.2H,0 duoc pha trong
50 ml etanol. Dung dich huyén pha nay dugc giir trong bé rung siéu &m & nhiét do phong trong
30 phut dé thu dugc dung dich dong nhit (goi 1a Sol. B). Thém ting giot dung dich Sol. B vao
dung dich Sol. A trong diéu kién khudy tron manh & 90 °C va sau do6 dit trong bé rung siéu am
dé mot gio ¢ nhiét @6 phong. Dé tach cac NC ZnO, ZnO:Ce** va Zn0:Ce* , Tb* tir dung dich,
chang t6i thuc hién quy trinh rira sau. Hexane dwoc thém vao hdn hop cho dén khi tao thanh
dung dich duc. Hexan hoa tan tat ca cac san pham phu cua qué trinh ché tao va cac NC ZnO,
Zn0:Ce*" va Zn0:Ce*  Tb** bi tach ra khoi dung dich nhu két taa. Két tua sau dé duoc thu thap
va phan tan lai trong etanol. Qua trinh rira trén dugc lap lai trong 5 l1an, cudi cung cac NC ZnO,
Zn0:Ce** va Zn0:Ce**, Th** duoc lam kho trong khong khi va dugc thu thap lai dudi dang bot.

3. KET QUA VA THAO LUAN
3.1. Nghién ciru thanh phan

Pé xac dinh cac ion ion Ce®*" va Th* ¢6 pha tap dwoc vao mang nén ZnO hay khong, chung
t6i sir dung phép do EDX dé xac dinh thanh phan ciia cac nguyén té c6 trong mau. Dé tranh tinh
trang cac ion Ce** va Tb** bam trén bé mat cac NC, chung t6i tién hanh ly tdm lam sach cac NC
trong isopropanol 3 lan. Hinh 1 1a phé EDX cua cac NC ZnO pha tap 1% Ce** va 5% Tb**. Sy
hién dién ctia cac nguyén td Zn, O, Ce, Tb trong mau duoc thé hién rd voi cac dinh dic trung tai
cac nang luong twong tmg ciia ching. Ngoai ra, su ¢6 mit cia nguyén td C 1a két qua tén du cua
ligand va dung méi trong qua trinh ché tao. Giai tich ham luong ctia cic nguyén t6 co trong mau,
thu dugc cac gia tri 41.2, 54.3, 3.8 va 0.7% tuong ing voi cac nguyén td Zn, O, Tb va Ce. Két
qué giai tich thanh phan cic nguyén t6 cho thay ty 1¢ thuc té cac ion Ce*" va Th*" thuc té pha tap
vao duoc mang tinh thé chi 14 0.7 va 3.8%, thap hon ty 1& thuc té twong tmg 1a 1 va 5%.
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Hinh 1. Phé EDX ciia céc NC ZnO va ZnO:Ce1%Th5%.

3.2. Nghién ciru céu triic

Dé nghién ciru ciu trac ciia cac NC ciing nhu khéng dinh chic 9hén su thay thé cta cac ion
C§3+ va Th* vao vi tri cua céc ion Zn®* trong mang nen, ching t6i tien hanh do XRD clia cac NC,
két qua _dugc quan sét’trén hinh 2. K&t qua quan sat trén hinh 2 cho thay cac NC ZnO va
Zn0:Ce* , Th*" déu co ciu tric tinh thé kiéu luc giac (Wurtzite) voi cac dinh nhidu xa dic trung tai
cac mat phang mang (100), (002), (101), (102), (110), (103), (112) va (201). Ngoai cac dinh nhiéu

xa trén, khdng quan sat thdy cac dinh nhidu xa khac, ching t6 khong xudt hién cac hop chit khac
¢6 trong mau. Kich thude ctia cac NC duge xac dinh theo cong thirc Debye-Sherrer [14]:
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Trong do, B 1a do rong & mot nura cua cudng do cuc dai (FWHM) cia dinh nhiéu xa tai vi tri

goc nhiéu xa 0, A 1a budc séng tia X (A =0,154 nm) va K 13 hang s6 dugc iy 1a 0,9. Kich thudc
cua cac NC dugc tinh toan va cho boi bang 1.
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Hinh 2. Gian @6 XRD ciia cic NC: (a) ZnO; (b) ZnO:Cel%;
() ZnO:Cel%Tb1%; (d) ZnO:Cel%Th5%.

Str dung XRD va phuong trinh du6i ddy [7], cac tham s mang a va ¢ cta céu tric luc giac
cling dugc tinh toan va trinh bay trong bang 1.
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Thé tich (V) cia 6 co s& ctia ciu tric luc gidc duoc tinh theo phwong trinh (3):
V =0,866a’c ®)
Két qua quan sat trong bang 1 cho thiy cac hang so mang a va ¢ tang khi tang ndng d6 Ce**
va Tb*. Nhu vy, rd rang sy thay doi cia cac hang 5O mang a va c 1a két qua cua qua trinh pha
tap cac ion Ce** va Th** vao mang tlnh’the ZnO. Can luu y rang, kich thude nguyén tir cua Tb va
Ce 16n hon cla Zn, vi vdy, sy thay the cua ion an2+ bang céc ion Ce*t va Th** trong mang tinh
thé ZnO s€ dan dén su dan nd gﬁa mang tinh thé. Su dich chuyén cua cac dinh nhiéu xa khi ting
ndéng d6 Ce® va Tb* 1a mot bang chung thuc nghiém rat xac dang chimg minh céc ion Ce* va
Tb** da di vao duoc mang tinh thé thay thé vi tri ciia cac ion Zn*.
Bing 1. Cdc hang s6 mang, kich thuée tinh thé va thé tich 6 co sé ciia cdc mau.
Mau a(A) | cA) cla V(A% | d(m)
Zn0 3.243 5.2 1.603 47.36 14.5
Zn0:Cel% 3.244 | 5.202 1.603 47.407 13.7
Zn0:Cel%Th1% | 3.247 | 5.204 1.602 47.513 13.1
Zn0:Cel%Th5% | 3.251 | 5.208 1.601 47.667 12.6

3.3. Nghién ciru tinh chit quang

Thong tin vé cac muc ning lugng cta nén va tap ¢ théq dugc tim qtha‘iy khi nghién ctru phd
kich thich huynh quang ctia cic NC ZnO pha tap. Hinh 3 biéu dién pho kich thich huynh quang
cua cac NC ZnO, ZnO:Cel% va ZnO:Cel1%Tb5%.
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Hinh 3. Phé PLE cia cic NC ghi tai 545nm: (a) ZnO; (b) ZnO:Cel%; (c) ZnO:Cel%Tb1%.

Vi cac NC ZnO, quan sét’théy mot dai kich rong co dinh tai budc song 310 nm, dinh kich
thich nay la dinh kich thich xuat hién do dién tr chuyén tir ving hoa tri 1én vung dan cua cac NC
ZnQ. boi véi cac NC ZnO:Cel%, ngoai dinh kich thich cua vat li€u nén tai 313 nm con quan sat
thay mét dai kich thich rong c6 dinh ¢ 386 nm, dinh nay dugc quy cho chuyén mirc 4f'5d° —
41%54* dac trung cua ion Ce* [14]. Dai kich thich rong nam trong vung tir ngoai nay cua ion Ce**
cho thay su phat xa cua cac ion Ce®" rat co loi d¢ kich thich cho qua trinh phat xa cua ion b
Pho PLE ctia cac NC ZnO:Cel1%Tb1% gom 6 dinh kich khac tai cac budc song 305, 320, 34;,
360, 380 va 486 nm ghi tai 545 nm. Céc dinh kich thich nay duoc gan cho cac qua trinh chuyén
d6i trong cau hinh 4f% cua ion Tb® tr muc co ban Fe tuong ng dén cac mirc °H,, *Le+°Gy,
D, +°Gy, °Ge, °D3 va °D, [8, 14].

Tinh chat phat quang va qué trinh truyén nang luong trong cac NC ZnO pha tap dong thoi

Ce3+ va Tb3+ phu thuéc manh vao nong do cua cac tam cho va nhén, trong bai bao bay chung toi
c¢b dinh nong d6 Ce 1a 1% va thay d6i nong do Tb tir 0.5 dén 5%. Hinh 4 biéu dién phd quang
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huynh quang (PL) cta cac NC ZnO, ZnO:Cel% va ZnO:Cel%Tb0.5-5%. Phd PL cua cac NC
ZnO quan sat thay 1 dinh phat xa manh & budc séng 388 nm, day 1a dinh phét xa do tai hop cua
dién tir & vung dan voi 16 tréng o vung hoa tri, con dugc goi la phat xa viung-vung [11, 13]. Vi tri
cua dinh nay phy thudc vao kich thudc cua cac NC ZnO trong khi d¢ rdng cuia nd thi phu thude
vao sy phan bé kich thudc ctia cac NC ZnO. Néu cac NC ZnO c6 kich thude dong déu thi dinh
phat xa nay hep con néu cac NC ZnO c6 kich thuée khong dong déu thi dinh phét xa nay rong.

545 nm

423 nm
488 nm

(f) 587 nm 620 nm

Cuong do (dvty)

350 400 450 500 550 600 650 700
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Hinh 4. Phé PL ciia cic NC: (a) ZnO; (b) ZnO:Cel%; (c) ZnO:Cel%Th0.5%;
(d) ZnO:Cel%Th1%; (e) ZnO:Cel%Th3%; (f) ZnO:Cel %Tb5% kich thich o 305 nm.

Vi cac NC ZnO:Cel%, phd PL ngoai dinh phét xa viing- ving con xuét hién thém mot dinh
phat xa & budc song khoang 423 nm, dinh phat xa nay 1a do chuyén mirc 4f—5d dic trung ciia
ion Ce3+[14]. Dinh tai 423 nm thuc chét 1a téng hop cua hai chuyén muc phat xa 5d; - 2F,,, va 5d;
- ?Fy), twong tmg voi hai budc song 461 va 402 nm, hinh 5. D6i voi cac NC ZnO ddng pha tap
Ce®* va Th*, ngoai dinh phat xa cta ion Ce®* tai 423 nm, pho phat xa con bao gdm bon dinh
nhon & khoang budc song 488, 545, 587 va 620 nm. Bén dinh phat xa nay 1a do dién tir chuyén
tir mirc °D, den cac muc F (j=6, 5, 4, 3) trong tng cua ion Tb** [14]. Cac dmh phat xa do cac
chuyen muc D3 — 7F (j =1-6) va 5D4 — 7F (j = 0-2) déc trung cua ion Tb* khéng duoc quan
sat thiy. Sy vang mit cua cac qua trinh chuyen 601 nay co thé co thé dén tir hai nguyen nhan:
ning lwong phonon cao trong ZnO va mirc *D; nam rat gan hoac trong ving dan, diéu nay dan
dén sy ty ion hoa hat tai vao ving dan.

3.4. Qua trinh truyén niing lwong

Qué trinh truyén nang lugng tir ion Ce** dén ion Tb* 13 hoan toan co thé xay ra do phd phat
xa ctia ion Ce® bao tram phd kich thich ciia ion Tb*. Khi ion Ce*" dwoc kich thich bai budc
song 325 nm, dién ti cﬁa n6 bi kich thich va chuyén lén muc ning lugng cao hon. Mot phan
nang luong ma ion Ce®* hép thu duoc s€ dugc phat ra voi dai phat xa rong, c6 dinh ¢ budc song
423 nm va mot phan truyen sang muc nang luong °D; ctia cac ion Tb® gin nhit. Sau do, dlen tur
& mirc °Ds s& hdi phuc vé mirc thap hon °Dy va cubi ciing n6 chuyén vé cac muc ning luong F @

=3,4,5,6). So dd clia qué trinh truyén ning luong nay c6 thé quan sat trén hinh 5.

Két qua quan sat trén hinh 4 cho thy khi ting ndng d6 Tb*, trong khi cudong do cac dinh phat
xa cta Tb®* tang thi cudong do cac dinh phat xa cua Ce® lai giam. Két qua tht vi nay chi co thé
dugc giai thich boi qua trinh truyén nang luong tir Ce® toi Tb*'. Hiéu suit ciia qua trinh truyén
ning lugng tir Ce®* sang Tb** ¢6 thé dwoc tinh toan sir dung phuong trinh [11]:

I
Ner =1-— 3

I
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Trong d6, I va I, 1a cuong d6 phat quang cua dinh phat xa Ce®" (tai 423 nm) trong trudng hop
c6 va khong cé ion Tb*".
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Hinh 5. So d6 ciia qud trinh truyén nang lwong tir ion Ce>* dén ion Th*".
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Hinh 6. (@) Hiéu sudt ciia qud trinh truyén nang lwong tir Ce®* t6i Th®" khi thay doi nong dé Tb,

(b) Sw thay doi ciia cwong do phdt xa tich phin ciia Ce®* va Tb>* khi thay déi nong dg Tb.

Hinh 6a biéu dién hi¢u suat ctia qua trinh truyén ning luong tir Ce** t6i Tb>* khi thay d6i nong
dd Tb, hinh 6b biéu dién su phu thudc ctia cudong do phat xa tich phan vao néng do Tb. Cac gia
trj tinh toan ctia ner thu duogc 1a 33.4, 42.9, 46.7 va 60% tuong tng v6i ndng d6 Tb lan luot 1a
0,5, 1, 3, va 5%. Hiéu suét truyén nang lugng tir Ce** t6i Tb> ting gan 2 lan khi ndng d6 cua ion
Tb* ting tir 0,5 dén 5%. Két qua thu dugc chimg minh ring phat xa ciia ion Tb®" dugc ting
cuong dang ké boi su phat xa cua ion Ce®*. Céc gi trj thu dugc cia ner chi ra rang su phat xa
ctia cac ion Tb*" rat nhay cam véi su truyén ning luong kich thich tir cac ion Ce**

4. KET LUAN

Céac NC ZnO déng pha tap cac ion Ce** v6i ndng d6 cb dinh 1% va Tb>* v6i ndng do thay dbi
tir 0.5-5% da dugc tong hop thanh cong bang phuong phap hoa udt. Ket qua giai tich tur pho
EDX chung t6 sy c6 mat cua cac nguyén t6 va cho thay ham luong thuc té cua cac nguyén t6 c6
trong mau nho hon céc gia tri theo tinh toan 1y thuyét. Két qua thu duogc tir XRD cho thdy cac
NC c¢6 céu traic Wurzite, cac dinh nhiéu xa dich vé phia goc nho khi ting nong d6 Tb va kich
thude tinh thé cta cac NC thu duoc khoang tir 12 - 14 nm. Phd kich thich cta cac NC cho thiy
cac dinh kich thich tai 290, 375, 306, 321, 344, 360, 380 va 484 nm tuong tng voi chuyén muc
ving-ving cta nén ZnO, chuyén muc 4f'5d° — 41°5d' cia ion Ce®* va cac chuyén muc tir ‘Fg
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dén cac muc °Hy, *Lg+°G,, °Dy+°Gy, °Ge, °D; va °D, cta ion Tb* . Phd phat xa ctia cac NC pha
tap Ce®* va Tb* quan sat thdy cac dinh phat xa dic trung cua nén ZnO, ion Ce** va ion Tb*". Tur
phé PL cho théy, cuong do phat xa cac dinh cua Tb* tang va cuong do cac dinh phat xa cua ce*
lai giam khi tang néng dd Tb. Hién tugng nay duoc giai thich bdi qua trinh truyén nang lugng tir
cac ion Ce*" tdi cac ion Th**. Hiéu suét cua qua trinh tmyén nang lugng tir Ce* toi TH* tang tu
33.4 - 60% khi néng do Tb tang tir 0.5 - 5%. Két qua nay chi ra rﬁng su phat xa cua cac ion Tb*
rét nhay cam voi sy truyén nang lugng kich thich tir cac ion ce*.

. Loi cdm on: Nghién ciu nay duoc tai tro boi Truong Dai hoc Su pham, Dai hoc Thdi Nguyén trong
dé tai ma so CS.2021.16.
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Vit Iy

ABSTRACT

Synthesis, optical properties and energy transfer
in ZnO nanocrystals co-doped with Ce®*" and Th* ions

ZnO nanocrystals (NCs) co-doped with Ce** and Tb*' ions were successfully
synthesized by Sol-Gel method. The presence and content of elements in the sample were
determined through energy dispersive spectroscopy (EDX). The structure, crystal size of
ZnO NCs co-doped with rare earth ions (RE) were investigated by using X-ray diffraction
(XRD). The optical properties of ZnO NCs co-doped with Ce** and Tb*" ions were
investigated through excitation and fluorescence spectroscopy. The energy transfer
process from Ce®*" ions to Tb*" ions has been studied and explained in detail. The ZnO
NCs co-doped with Ce** and Tb** ions are completely non-toxic and can can be controlled
the optical properties by varying the Tb concentration. The results of this study show many
possible applications of the material in the fields of lighting and biomarkers.

Keywords: ZnO; Ce®* and Tb*" ions; Doped; Optical properties; Energy transfer.
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