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Study of the optical properties and energy transfer process in Eu® ion-doped ZnO
semiconductor quantum dots
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Tém tit

Trong nghién ciru ndy, cac cham lugng tir ZnO pha tap Eu** véi nong do tir 0.5 dén 4.0 mol% duoc tong
hop bang phuong phap dong két tia trong méi truong nude. Cau tric va thanh phan cua vat lidu dugc
nghién ctru bang gian do nhiéu xa tia X va phé tan xa ning luong tia X. Két qua cho thiy cac cham lugng
tir thu duoc ¢ cau trac wurtzite va ion Eu** dwoc pha tap thanh cong vao mang tinh thé ZnO. Phd hép
thu UV-Vis cho thiy su dich d6 cua dinh hap thy khi ting nong d6 Eu**, phan &nh sy giam nhe do rong
viing cdm. Phd huynh quang ghi nhan cac vach hep dic trung cta ion Eu®. Két qua do thoi gian séng
phét quang trung binh (z) cho thiy sy giam dan cua 7 khi ting ndng d6 pha tap, pht hop véi co ché truyén
ning luong va dap tit khéng buc xa giira cac ion Eu**. Co ché truyén ning luong tir nén ZnO sang ion
Eu** duoc phan tich, 1am rd vai trd cia ZnO nhu ngudn hap thu va truyén ning lwong hiéu qua cho cac
muc phat xa noi 4f cua Eu**. Nhing két qua nay khing dinh tiém ning ¢ng dung cua ZnO:Eu?* trong céc
thiét bj phat quang, hién thi va cam bién quang hoc.

Tir khéa: cham lweong tir, Eu®, ZnO, tinh chdt quang, truyén ndang lwong.
Abstract

In this study, Eu**-doped ZnO quantum dots with concentrations ranging from 0.5 to 4.0 mol% were
synthesized by the co-precipitation method in aqueous medium. The structure and composition of the
materials were studied by X-ray diffraction and energy dispersive X-ray spectroscopy, which showed that
the obtained quantum dots had a wurtzite structure and Eu** was successfully doped into the ZnO crystal
lattice. The UV—Vis absorption spectrum showed a red shift of the absorption peak with increasing Eu*"
concentration, reflecting a slight decrease in the band gap. The photoluminescence spectrum recorded
narrow lines characteristic of Eu** ions. The photoluminescence lifetime () measurements showed a
gradual decrease of the average z with increasing doping concentration, consistent with the mechanism of
energy transfer and non-radiative quenching between Eu® ions. The mechanism of energy transfer from
ZnO substrate to Eu*" ions is analyzed, clarifying the role of ZnO as an efficient absorber and energy
transfer source for the 4f internal emission levels of Eu". These results confirm the potential application
of ZnO:Eu*" in luminescent devices, displays and optical sensors.

Keywords: quantum dots, Eu*", ZnO, optical properties, energy transfer.
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1. Mé dau

Chém luong tir (QD) ban dan la c4c hat c6 kich thude dao dong tir vai dén vai chuc nm,
trong d6 cac hat mang dién bi giéi han chuyén dong theo ba chiéu khéng gian, tao ra céc
mirc nang lugng roi rac teong tu nguyén tu [1, 2]. Nho hiéu ing giam git lwong ti, cac QD
c6 thé diéu chinh phd hap thu va phét xa bang cach thay d6i kich thudc hat, cdu trdc hoic
thanh phan vat liéu. Chlng s& hitu cac dac tinh quang hoc néi bat nhu phd phat xa hep, do
léch Stokes nho, hiéu suat luong tir cao va kha ning chdng suy giam quang [3, 4]. Cac QD
d3 va dang duoc (ng dung rong réi trong thiét bi hién thi, cam bién sinh hoc, ning lugng
mét troi, va gan day 1a trong cong nghé luong tir [4, 5]. Viéc phat trién cac hé QD méi, dic
biét 12 cac QD khoéng chira kim loai doc hai, dang 1a hudng nghién ctiu tiém ning nham dap
{(rng y&u cau vé hiéu suit va an toan méi trudng.

Chém luong tar ZnO 4 cac hat nano béan dan thuoc nhém oxide kim loai, c6 do rong
vling cdm ~3.3 eV va ning luong Kich thich Ién (~60 meV) & nhiét d6 phong [6]. Cac QD
ZnO c6 cac dic tinh quang va dién tir thay doi dang ké so véi vat lieu khbi. Nho vao kha
ning phat quang manh, pho phét xa ¢ thé diéu chinh, va 6 bén hoa hoc cao, cac QD ZnO
da thu hat sy quan tam trong nhiéu tng dung nhu cam bién sinh hoc, hién thi huynh quang,
thiét bi phat quang va thu ning lwong mat troi [7, 8]. Uu diém noi bat caa cac QD ZnO 1a
kha ning tong hop don gian, chi phi thp, than thién véi méi truong va dé pha tap hoac bién
tinh bé mat dé cai thién hiéu suat phat xa. Gan day, cac nghién ciru tap trung vao viéc cai
thién hiéu suat phéat quang, khic phuc sai hong bé mat va téi wu hoa cac tinh chét dién tir
cta cac QD ZnO dé phuc vu cac ung dung quang — dién tir va y sinh tién tién [6, 9].

Ton dat hiém hoa tri ba Europi (Eu*") 1a mot trong nhitng ion phat quang duoc nghién
ctru nhiéu nhit trong linh vuc vat liéu nho kha nang phat xa d6 manh théng qua cac chuyén
doi trong 16p 4f-4f, dac biét 1a chuyén doi *Do — 7F: [10, 11]. Céc chuyén doi nay it bi anh
huang béi trudng tinh thé xung quanh, tao ra phd phét xa hep, don sic va bén viing véi thoi
gian. Khi duoc pha tap vao mang nén ZnO, cac ion Eu** khong chi b6 sung phat xa do dac
trung ma con mo rong phé ung dung quang hoc caa vat lidu [8, 12]. Su pha tap nay tao nén
hé vat liéu phét quang hai kénh: mot kénh tir ZnO va mot kénh tir Eu®*, cho phép diéu chinh
phd phéat xa linh hoat bang cach thay d6i budc song kich thich [13]. Ngoai ra, Eu** con ¢6
vai tro nhu cac tAm bat gitr dién tir, gilp giam tai két hop khdng buc xa va nang cao hiéu
suat lugng tir. C4c nghién ctu ciing chi ra rang ZnO:Eu* ¢6 hiéu suat quang xUc tac vuot
troi so vai ZnO khong pha tap, do ting kha ning hip thu anh sang va phan tach tai dién hiéu
qua hon [12, 14]. Nhimng vu diém nay khién hé ZnO:Eu®* tré thanh vat liéu tiém ning cho
céc ung dung trong hién thi, chiéu sang ran, cam bién sinh hoc va ning luong tai tao.

Trong nghién ctiu nay, cac QD ZnO pha tap ion Eu** voi ndng d6 thay ddi duoc ché tao
bang phuong phap dong két taa trong méi truong nudc. Cac mau dugc tinh ché va nghién
clru cac dic trung bang cac phép do gian do nhiéu xa tia X, pho tan xa nang luong tia X, phd
hip thu UV-Vis va phé huynh quang dé khao sat cau trdc, thanh phan va tinh chit quang.
Anh huéng cua ndng do pha tap dén cau tric va tinh chat quang caa vat liéu da duoc nghién
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ctru. Bong thoi, co ché truyén ning lugng tir ZnO sang cac ion Eu®* ciing dwoc nghién ciu
va giai thich chi tiét.

2. Thwe nghiém

2.1. Hoa chit

Kém axetat dihydrat (Zn(CHsCOO)..2H20), natri hydroxit (NaOH), europi nitrat
pentahydrat (Eu(NO:):.5H20) va chat hoat dong bé mit Polyvinylpyrrolidone (PVP) duoc
mua tir hdng Sigma-Aldrich va sir dung truc tiép ma khéng qua tinh ché thém. Nuéc khtr ion
duoc dung 1am dung méi trong toan b qué trinh tong hop.

2.2. Quy trinh tong hop cac QD ZnO pha tap Eu3*

Cac QD ZnO pha tap Eu** (ky hiéu: ZnO:xEu*, véi x = 0.5-4.0 mol%) dugc tong hop
bing phuong phdp dong két tia trong moi truong nudc. Mot luong thich hop
Zn(CHsCOO0)2.2H:0 va Eu(NOs)s.5H20 dugc hoa tan trong nudc khir ion va khudy tir lién
tuc & nhiét 46 phong trong vong 30 phiit dé tao dung dich tién chat. Tiép theo, chat hoat dong
bé mat PVP duogc bd sung dé ngan ngira sy két ty ciia cac hat va dung dich duoc khudy trong
30 phit dé dam bao su dong nhat. Pong thoi, NaOH duoc hoa tan riéng biét trong nudc khir
ion va khudy tir trong 15 phdt. Dung dich NaOH sau d6 duoc nho giot tir tir vao dung dich
chira cac ion kim loai dudi khudy lién tuc, dong thoi duy tri @6 pH=12 cho dén khi hinh
thanh két tua tring. Hé phan ang tiép tuc duoc khudy thém trong 1 gio dé dam bao qué trinh
phan ng hoan tit va cac hat nano duogc hinh thanh on dinh.

Két tiia thu duoc dugc ly thm & 5000 vong/phit trong 10 phit, sau d6 rira nhiéu lan bang
nudéc khir ion dé loai bé hoan toan cac ion Na* va CH;COO- du thira. San pham sau rira dugc
dem sdy khd trong ti sdy ¢ 60°C qua dém. Cudi cing, bot kho duoc nghién nhe dé thu duoc
vat liéu dang bot min.

2.3. Phwong phap phén tich

Cau trdc tinh thé cta cac QD duoc phan tich bang nhidu xa tia X (XRD) st dung thiét
bi SIMEMS D5005 (Bruker, Duc) véi biac xa Cu-K, (4 = 1.54056 A). Thanh phan nguyén
t6 cia mau dugc phan tich bang phé tan xa nang luong tia X (EDX, model JEOL JSM-5610).
Phé hap thy tir ngoai — kha kién (UV-Vis) duoc ghi nhan bang may Jasco V-770 (Varian).
Phé phat quang (PL) va dudng cong thoi gian song huynh quang dugc do bing hé thong
quang phd FLS1000 tich hop dén Xe 450 W. Tét ca cac phép do déu duoc thyuc hién ¢ nhiét
do phong.

3. Két qua va thao luin
3.1. Phén tich cdu tric va thanh phan

Hinh 1 biéu dién gian do nhiéu xa tia X cua cac QD ZnO khdng pha tap va pha tap ion
Eu*. Vi cac QD ZnO khdng pha tap xuat hién cac dinh nhiéu xa ghi nhan tai cac goc nhiéu
Xa 26 va cac miat phang tuong wng, 1an luot 1a 31.63 (100); 34.42 (002); 36.16 (101); 47.41
(102): 56.45 (110): 62.70 (103); 66.07 (200); 67.67 (112) va 68.81 (201). Céc dinh nhidu xa
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tia X cua mau ZnO phi hop véi thé chuan JCPDS 36-1451 [8, 15]. Két qua nay chang to
cac QD ZnO c6 cau tric luc giac (wurtzite). Su ma rong duoc quan sat thiy & tit ca cac dinh
XRD do kich thuéc nm ciia mau ZnO. Gian d6 nhiu xa tia X ciia cac QD ZnO pha tap Eu®*
cling c6 cac dinh nhiéu xa twong tu QD ZnO, ching té cac QD ZnO pha tap Eu®* ciing c6
cau truc luc giac. Hinh anh 6 co sé ciia ZnO pha tap Eu** ¢6 cau hinh luc giac dugc minh
hoa trong Hinh 2. Cac dinh nhiéu xa ctua cac QD ZnO pha tap Eu®* dich chuyén nhe vé phia
cac goc nhiéu xa 26 nho hon khi ting nong do pha tap. Su dich chuyén nay duoc cho 1a do
su thay thé cac ion Zn?* véi ban kinh nho hon (0.74 A) bang céc ion Eu®* véi béan kinh 16n
hon (0.95 A), dan dén tang hang s6 mang [8, 16]. Su thay thé nay lam cing mang ZnO, gay
ra su gidn né nho va su dich chuyén tuong tmg trong cac dinh nhidu xa vé phia cac gdc thap
hon (do khoang cach gitta c4c nguyén tir [én hon). Kich thuéc tinh thé (D) caa cac QD duogc
xéc dinh tir sy m& rong cua cac dinh nhiéu xa, str dung phuong trinh Debye-Scherrer [17]:

kA
— 1
P pcosd @)

Trong d6, A la budc song tia X, £ 1a dd ban rong caa dinh nhiéu xa (100), va @ la géc
nhiéu xa Bragg.

(102) (110)

103) 5
A

>

Cuong do (dvty)

30 40 50 60 70
26(do)
Hinh 1. Gidn dé nhiéu xq tia X cia cac QD ZnO va ZnO pha tap Eu®*
lan liwot 0.5, 1, 2 va 4% tir dudi 1én
Déi véi cau tric wurtzite, hing sé mang a va ¢ ¢6 thé duoc tinh toan bang dinh luat
Bragg. Hang s mang lién quan dén chi sé Miller (h, k, 1) theo cong thirc sau [17, 18]:
1 ﬂ[h2+hk+k2j 1’

a’ " c? @)

dhzkl - 3

V6i dna duge xac dinh boi phuong trinh Bragg [18]:
nA=2d,, siné@ (3)
Thé tich 6 co s cua cau tric luc gide dugc tinh toan thong qua céc hang sé mang a va

¢ theo phuong trinh [18]:
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V= % a’c (4)

Céc thong sé dugc tinh toan tir dit liéu XRD, bao gom a, ¢, 26, B, V, va D duoc trinh
bay trong Bang 1.

Bang 1. C4c tham sé mang tinh thé cia cac QD ZnO pha tap ion Eu3*.

Mau a (4) c (4) 20(101)  px102%(rad) VUA®) D (nm)
ZnO 3.249 5.627 36.16° 3.14 5144 465
ZnO:Eu0.5%  3.252 5.633 36.14° 3.05 51.59 478
ZnO:Eul% 3.254 5.636 36.10° 3.08 51.68  4.73
ZnO:Eu2% 3.257 5.641 36.07° 3.11 51.82  4.70
ZnO:Eu4% 3.259 5.645 36.01° 3.09 51.92 471

Hinh 2. O co s¢ ciia cac QD ZnO pha tap ion Eu* véi cdu tric luc giac

Pho tan xa nang luong (EDX) ciia mau ZnO tinh khiét va ZnO pha tap Eu** 4% duoc
trinh bay trong Hinh 3. Phd EDX trong Hinh 3 thé hién rd cac dinh dic trung cho cic nguyén
t6 6 mat trong mau. Pbi véi mau ZnO tinh khiét, ba dinh ctia Zn dugc ghi nhan tai cac vi
tri khoang 1.01 keV (L.), 8.6 keV (K.) va 9.6 keV (Kp), trong d6 dinh L, chiém cuong d6
manh nhat [19]. Bén canh d6, oxy ciing xuat hién véi hai dinh gan nhau trong viing ning
luong thap (~0.52 va 1.82 keV), cho thay sy hién dién rd rang cia O va kha ning ton tai cua
oXy trén bé mit hodc cac nhom OH™ ¢6 trong mau [19]. Trong mau ZnO pha tap Eu** 4%,
ngoai cac dinh Zn va O ké trén, con xuét hién ba dinh méi cua Eu tai ving 5-7 keV, tuong
ing véi cac vach L, Lg ddc trung cia nguyén té nay. Diéu ndy ching minh qua trinh pha
tap Eu" di dién ra thanh céng. Ty 1& nguyén tir caa Eu* thyc té trong mau dat 3,6%, trong
khi ty 18 ciia Zn va O giam nhe. Dic biét, khdng phét hién thém bat ky nguyén t6 la nao, cho
thiy qua trinh tong hop vat liéu duoc kiém soat tét.
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Hinh 3. Phé EDX cua: (a) cac QD ZnO va (b) ZnO:Eu®*4%
3.2. Tinh chdt hép thu

Phé hip thu cia cac QD ban dan cung cip céac thong tin vé do rong ving cam, kich
thudc hat va cac chuyén doi dién tir trong cac QD ban dan. Phé hap thu cua cac QD ZnO va
ZnO pha tap Eu®* dugc thé hién trong Hinh 4. Pdi voi cac QD ZnO, phé hap thu quan sat rd
mét dinh hap thu & budc song khoang 334 nm. Binh hap thu nay 1a dinh hap thy exciton thir
nhét twong (g véi sy dich chuyén caa dién tir tir vaing hoa tri 18n viing dan do sy chuyén
doi 1S32-1Se [8, 20].

— /110)

—— /n0:Eu0.5%
—7n0:Eul%
—— Z/nO:Eu2%
——— 7ZnO:Eud%

Cudng do (dvty)

300 320 340 360 380 400
Budc séng (nm)

Hinh 4. Phé hdp thu ciia cac QD ZnO va ZnO pha tap Eu®*.

Ning luong cua dinh hap thu exciton thir nhat (trong truong hop dinh hap thy nay rd
nét) cua cac QD ban dan duoc coi gan dung 1a nang luong ving cdm cua chung. Do hiéu
ung giam git lugng tir, vi tri cta dinh nay phu thudc vao kich thudc cua cac QD. Céac QD
nhé hon biéu hién dinh nay & budc séng ngin hon, trong khi cac QD 16n hon biéu hién &
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budc song dai hon. Di vai ban dan ZnO khéi, d6 rong viing cam khoang 3.38 eV & nhiét
d6 phong, twong ¢ng véi dinh hap thu thir nhat khoang 366 nm [12, 14].

Mot dic diém dang chi ¥ trong phd hap thu UV-Vis ciia cac mau ZnO pha tap Eu®* 1a
dinh hip thu dau tién c6 xu huéng dich chuyén nhe vé phia budc séng dai hon khi ndng
d6 Eu** tang dan. Hién tuong dich do nay phan anh su giam nhe d6 rong ving cam (Eg),
va cd thé duoc ly giai boi mot sé co ché vat 1y dic trung. Tht nhit, sy thay thé jon Zn?*
boi ion Eu** ¢6 ban kinh 16n hon tao ra bién dang cuc bé trong mang tinh thé, déng thoi
dan dén sy hinh thanh cac khiém khuyét mang, dic biét 1a 16 tréng oxy. Cac khiém khuyét
nay c6 thé hinh thanh cac muc nang luong trong ving cam, 1am hep ving cim hiéu dung.
Tht hai, khi nong d6 Eu** ting, twong tac giita cac ion pha tap va mdi trudng mang nén
ZnO ciing tang 1én, gay ra hi¢u tng man chan dién tir va lam thay ddi ciu tric ving ning
lugng, ddn dén dich chuyén dinh hap thu vé phia ning luong thap hon. Ngoai ra, trong mot
sb trudong hop, pha tap Eu® con co thé thuc day sy phat trién kich thudc hat nhe, 1am suy
giam hiéu tng luong tir hda — yéu té vén gop phan lam ma rong ving cam trong cac hat
nano kich thudc nho. Nhu vay, su dich chuyén dé caa dinh hap thu 1a bang chiing quan
trong cho thiy muc do pha tap Eu®* anh hudng truc tiép dén ciu tric dién tir va tinh chét
quang hoc cua cac QD ZnO.

3.3. Tinh chdt phéat xa

Nhiing thay doi trong dac tinh hap thy UV-Vis khi pha tap Eu** khong chi phan anh sy
bién d6i cua cau tric ving ning lwong ma con goi mé kha niang anh huang tryc tiép dén cac
qué trinh phat xa. Do d6, dé 1am 1 hon vai trd ctia ion Eu** trong dic tinh phét quang caa
hé vat liéu, pho huynh quang cua cac QD ZnO pha tap Eu** da duoc khao séat va phan tich
chi tiét. Pho phét xa (PL) cua cac QD ZnO va ZnO pha tap Eu** dudi anh sang kich thich
325 nm duoc trinh bay trong Hinh 5. Véi cac QD ZnO, pho PL (hinh nhé bén trong) gom 2
dinh phat xa tai 395 nm va 592 nm. Binh phét xa c6 cuong d6 manh tai 395 nm la phat xa
dic trung cta nén ZnO do dién tir chuyén tir ving dan vé viing hod tri, c6 ngudn géc tir cac
qua trinh tai hop exciton [8, 12]. Trong khi d6 dinh phét xa c6 cuong do nho tai 592 nm la
phét xa c6 ngudn gdc tir cac trang thai bé mat, sai hong mang tinh thé hozc tap chét [13, 14].
Véi cac QD ZnO pha tap Eu®*, trong viing budc song tir 550-730 nm, quan sat thiy 4 dinh
phéat xa hep xuat hién & cac budc séng 592 nm (°Do—'F1), 618 nm (°Do—'F2), 654 nm
(°Do—"F3) va 699 nm (°Do—Fa) [21, 22].

Céc dinh phét xa quan sat duoc bat ngudn tir cac chuyén doi dién tir bén trong cau hinh
4f° ctia ion Eu**. Trong mang nén ZnO, cac muc niang lugng cia Eu** chiu tic dong phan
tach do truong tinh the, tuy nhién anh hudng nay twong dbi han ché nho vao hiéu tng che
chan cua cac orbital 552 va 5p°. Su che chin nay 1am suy giam twong tac giita cac dién tir 4f
va truong tinh thé, tir d6 dan dén su ton tai ciia cac dai phat xa hep, dic trung cho cac chuyén
doi noi 4f—4f von c6 [23]. Su gia ting ndng do Eu* tir 0.5% dén 4% dan dén su tang cuong
dang ké cuong d6 phét xa, chi yéu do mat do cac tdm phat xa ting.
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.Dn - F: 395 nm Zn0O
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Hinh 5. Phé PL cua cac QD ZnO va ZnO pha tap Eu*.
3.4. Thei gian séng cia mikc kich thich 5Do — "F2

Thoi gian séng caa muc kich thich 5Ds — 7F- (618 nm) caa ion Eu** 1a mot thdng sé
quan trong phan 4anh dic tinh phat xa va hiéu suat luogng tir cia vat liéu. Chuyén muc nay 1a
mot qua trinh phét xa dién tir bi cAm theo quy tic chon lya dién méi, nén thuong cé thoi gian
sbng tuong ddi dai, dao dong trong khoang vai traim micro gidy dén vai mili gidy, tdy thuoc
vao mdi truong mang nén [23]. Trong vat liéu huynh quang nhu ZnO, thoi gian séng dai
chang to vai trd han ché caa cac qua trinh dap tat khong bac xa. Sy thay d6i thoi gian séng
theo ndng d6 Eu* con phan anh hiéu ung dap tit do nong d6 [21, 22]. Két qua do thoi gian
séng gitp danh gia hiéu qua truyén nang luong va muac do tuong tac gitra cac ion phét xa.
Hinh 6 biéu dién dudng cong phan rd PL cua quéa trinh chuyén doi °Do — “F> (618 nm) cua
céc ion Eu®*. Thoi gian sdng cua cac mau dugce xac dinh tir duong cong phan ra huynh quang
bang cach 1am khop né véi hai ham e mii, duoc cho boi phuong trinh [8, 24]:

t t

1(t)=1,+Ae " +Ag = (5)

trong d0, i 1a thoi gian séng cua tdm phét xa i va Ai 1a hé sé. Trong biéu thic (5), t: va
t, 14 cac thoi gian sdng dic trung cua hai kénh suy giam huynh quang ciia ion Eu®*, phan anh
su khong dong nhat cia moi trudng phat xa trong vat liéu. Thanh phan t; (ngan) thuong lién
quan dén cac ion Eu** ndm gén bé mat hat hodc gén cac khuyét tat, noi cac qua trinh dap tat
khong buc xa chiém wu thé. Nguoc lai, t2 (dai) dugc gan cho cac ion Eu** nam siu trong
mang tinh thé ZnO, chiu anh hudng it hon ctia khuyét tat va co phat xa birc xa hiéu qua hon.

Thoi gian séng trung binh duoc tinh bang biéu thic sau:

(z) = Az + AT,

6
A, + A, ©
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Thoi gian sdng trung binh phy thudc vao hé s6 mii va thdi gian séng cta timg thanh phan i.
1

Zn0O:Eu0.5%
ZnO:Eul%
Zn0O:Eu2%
ZnO:Eud%

Cuong do (dvty)

(=4
—_
1

Thoi gian (ms)

Hinh 6. Puong cong huynh quang phéan giai thoi gian cua cac QD ZnO va ZnO pha tap
Eud* do tai 618 nm (°Do — "F>).
Céac tham s6 Ai, 7 VA () cla dinh phat xa 618 nm duoc tinh toan cho tat ca cac nong
d6 va duoc liét ké trong Bang 2.

Bang 2. Cac hing sé thu dwoc tir sw 1am khép dwdng cong suy giam huynh quang caa
cac QD ZnO pha tap ion Eu®*.

Mau A1 (%) t7 (ms) A2 (%) t2(ms) <t> (ms)
ZnO:Eu 0.5% 33.67 0.98 66.33 3.45 3.14
ZnO:Eu 1% 29.54 0.88 70.46 2.98 2.75
ZnO:Eu 2% 31.98 0.65 68.02 2.76 2.55
ZnO:Eu 4% 34.79 0.43 65.21 2.25 2.08

Két qua trong Bang 2 cho thiy su suy giam rd rét cta thoi gian sdng phat quang khi
ndng d6 Eu* ting. DAy 1a biéu hién dién hinh ctia co ché "dap tit do ndng d6" — mot hién
tugng pho bién trong cac hé vat liéu phat quang pha tap [25]. O ndng do thap, cac ion Eu*
phan b thura thdt trong mang tinh thé ZnO, din dén xac suét twong tic giita cac tim phat xa
rit nho, do d6 thoi gian séng phat quang twong dbi dai. Tuy nhién, khi mat d6 ion Eu* ting,
khoang céach trung binh gitra cac ion gidm, lam gia tang cac qua trinh khong burc xa nhu trao
doi nang lugng gitra cac ion lan can, hinh thanh cdp hoac cum Eu*', va truyén nang luong
dén cac tam biy hodc khuyét tat cau trac [24, 25]. Nhitng co ché nay lam gia tang toc do
mat ning luong khong b xa, din dén suy giam thoi gian song huynh quang theo nong do
pha tap.
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3.5. Truyén ning lwong tir nén ZnO téi cac ion Eud*

Qua trinh truyén niang lwong tir nén ZnO dén cac ion Eu** dong vai trd quan trong trong
viéc kich hoat phat quang dic trung ctia cac chuyén mirc noi 4f cia Eu** [8]. So d6 cua qué
trinh truyén ning luong tir nén ZnO &n céc ion Eu** duoc quan sét trén Hinh 7.

1D,

1P, Eu®'
710 e ———————_
—_ —_—
- ) 5
2 1325 nm 395 nm Do
o \ \ 5Dy, - F, (392 nm)
g' o “Dy - "F, (618 mm)
= [ruyen T e
20 - —1— "D - "F3(654 nm)
= ning lugng o
o=t [ "Dy -7F,4(699 nm)
Z
ki
Ty
¥ 15, F,
-_1]" VB _7]_-1
——ee— 1D, )

Hinh 7. Cdu triic viing ndng lwong va qua trinh truyén ndang leong tir nén ZnO dén ion Eu®™,

Qua trinh truyén niang lwong duoc giai thich nhu sau: khi cac QD ZnO:Eu** dugc kich
thich bai tia UV ¢6 budce song 325 nm, dién tir trong QD ZnO dugc Kich hoat tir vang hoa
tri (VB) Ién viing dan (CB), tao thanh céc cap dién tu-15 trong (exciton). Cac dién tir hoi
phuc V& trang thai 1S. va tai hop véi 15 trong & trang thai 1Sk va phat ra birc xa budc song
~395 nm. Thay Vi phét xa ra ngoai, niang luong tir sy tai hop nay cé thé dugc truyén sang
cac ion Eu* nam gan bé mat hoic bén trong mang tinh thé ZnO thong qua co ché truyén
nang lugng khdng buc xa. Mili tén tim trong so dd biéu thi sy truyén ning lwong tir trang
thai phat xa ctia ZnO dén muc kich thich °D; ciia ion Eu?*. Sau khi dugc kich thich, ion Eu3*
trai qua cac qua trinh hdi phuc khong birc xa vé mic Do, ddy 14 muic phét xa chinh cua ion
dat hiém nay. T muc ®Ds, cac chuyén doi 4f-4f tao ra cac vach phat quang sac nét tai cac
budce song dic trung nhu 592 nm (°Do — 'F1), 618 nm (°Do — 'F), 654 nm (°Do — "F3) va
699 nm (°Do — "F). Qua trinh truyén ning luong nay cho phép khai thac dic tinh phat xa
hep va hiéu qua cao cia Eu*, dong thoi tan dung kha niang hap thu manh caa ZnO trong
ving UV dé nang cao hiéu suat phat quang tong thé caa vat liéu ZnO:Eu*. Diéu nay ¢ y
nghia quan trong trong thiét ké cac vat liéu phét quang tién tién cho tng dung LED, hién thi
hoac cam bién sinh hoc.

4. Két luan

Cac cham luong tir ZnO pha tap Eu** voi néng do tir 0.5 dén 4.0 mol% da duoc tong
hop thanh céng bang phuong phap dong két tua trong nudc. Phan tich XRD cho thay tat ca
cac mau déu cd ciu trac luc gidc wurtzite, véi su dich chuyén dinh nhidu xa vé géc thap khi
tang ndng do Eu®*, phan &nh su gidn mang do thay thé ion Zn?* bang Eu**. Kich thudc tinh
thé ctia cac QD thay doi tir 4.65 dén 4.78 nm. Phd EDX caa mau ZnO pha tap Eu 4% da
x&c nhan sy hién dién cua Eu** véi ham luong nguyén tir khoang 3,6%, ddng thoi khong
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phét hién tap chat ngoai y muén. Phé UV-Vis ghi nhan dinh hap thu dich nhe vé buéc song
dai hon theo ndng do Eu*, cho thdy sy giam nhe viing cAm. Phéd PL thé hién rd cac vach
phét xa dac trung cia Eu*" ¢ 592, 618, 654 va 699 nm, trong d6 vach 618 nm (°Do — 7F:) cb
cuong d6 manh nhét. Cuong d6 phét quang cua céc ion Eu®* ting khi ndng do ting tir 0.5%
dén 4%. Thoi gian sbng trung binh twong tng giam tir 3.14 ms xudng con 2.08 ms, X4c nhan
hiéu (ng dap tat khdng birc xa. Co ché truyén ning lugng tir phat xa cua nén ZnO sang cac
ion Eu** da duogc xac dinh, két qua nay cho phép khai théc phat xa do hiéu qua tir Eu khi
kich thich bing anh sang UV. Két qua nghién cau cho thdy hé ZnO:Eu** c6 thé phét xa hai
kénh, véi kha nang diéu chinh cuong do v& phd phét xa théng qua didu khién néng do pha
tap, hira hen cho cac tng dung trong hién thi va cam bién quang hoc.

Xung ddt lgi ich: Céc tac gia xac nhan hoan toan khong ¢ xung dot vé loi ich.

Léi cam on: Nghién ctru nay duoc tai trg boi Truong Pai hoc Sai Gon théng qua dé tai ma
s6 CS.2025.A2.050.
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