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This paper presents the process of fabrication and study of the structure
and optical properties of ZnSe quantum dots doped with Eu*" ions at
concentrations of 0%, 1%, 3%, and 5%. The purpose of this paper is to
investigate the influence of Eu*' ion concentration on the structure,
absorption, and fluorescence emission properties of the material. The
samples were synthesized by wet chemical method and studied by X-
ray diffraction (XRD), compositional analysis (EDX), UV-Vis
absorption spectroscopy, fluorescence excitation spectroscopy, and
photoluminescence (PL) spectroscopy. The XRD results showed that
all samples had cubic crystal structures. The UV-Vis absorption spectra
showed a shift of the absorption peak toward longer wavelengths when
the Eu*" concentration increased, demonstrating the influence of Eu®*
ions on the energy band structure of ZnSe QDs. The PL spectra of Eu?*-
doped ZnSe QDs showed characteristic emission of Eu*' ions and
broadened emission band toward red light compared to undoped ZnSe
QDs. This result shows the potential application of Eu**-doped ZnSe
QDs in the field of lighting.

CHE TAO VA NGHIEN CUU TINH CHAT QUANG CUA CAC CHAM
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Bai bao nay trinh bay qua trinh ché tao va nghién ciru cau triic, tinh chat
quang cta cac chim luong tir ZnSe pha tap ion Eu** vdi cac nong do
0 %, 1 %, 3 % va 5%. Muc tiéu cta nghién ctru la khao sat anh hudéng
ctia ndng do ion Eu** dén céu trac, tinh chét hap thu va phat xa quang
huynh quang ciia vat liéu. Cac miu dugc tong hop bing phuong phap
hoa u6t, sau d6 duge nghién ciu bang cac ky thuat nhiu xa tia X
(XRD), phéan tich thanh phan (EDX), ph6 hip thu UV-Vis, phd kich
thich huynh quang va phd huynh quang (PL). Két qua XRD cho thay
cac mau déu c6 cau tric tinh thé 1ap phuong. Cac phan tich tir phd hép
thu UV-Vis cho thay su dich chuyen dinh hap thu v€ phia budc song dai
khi ndng d6 Eu®* tang 1én, thé hién sy anh hudng cia ion Eu** dén cu
trac ving ning lugng ciia cac QD ZnSe. Phd huynh quang cia cac QD
ZnSe pha tap ion Eu** cho thiy sy phat xa dic trung ctia ion Eu** va mé
rong ving phat xa vé phia anh sang do so v&i cac QD ZnSe khong pha
tap. Két qua nay cho thy tiém ning ing dung cuia cic QD ZnSe pha tap
ion Eu** trong linh vyc chiéu séang.
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1. Gioi thigu

Cham lugng tir (Quantum Dots, QDs) ban dan 14 cic hat nano c6 kich thudc vai nanomet, s&
hitu nhiing tinh chat quang hoc va dién tir doc dao nho hiu tng kich thudc luong tir. Trong s6
do, ZnSe (K&m Selenide) la mot trong nhing vat liéu ban dan nhom II-VI dugc quan tam dac biét
nh¢ vao kha nang phat xa huynh quang manh, ving cam rong va 6n dinh hoa hoc [1]. Nhing dac
tinh nay dd mo ra nhiéu tiém ning tmg dung cho ZnSe QDs trong cac linh virc nhu cam bién sinh
hoc, hién thi quang hoc, va dic biét 1a cac thiét bi phat sang [2], [3].

Ton Eu** 1a mot trong nhitng ion dat hiém c6 nhiéu tmg dung quan trong trong linh vuc quang
hoc nho vao cac déc tinh phat xa doc déo. Dac trung quang hoc tiéu biéu ciia Eu®* chii yéu bét
ngudn tir cau tric dién tir phirc tap va cac qua trinh chuyén doi nang lugng bén trong ion [4]. Ion
Eu®* ¢6 cdu hinh dién tir [Xe] 4f° va cac muc ning lugng phan tach rd rét, chu yeu lién quan den
su chuyén doi dién tir trong cac orbital 4f [5]. Cac chuyén doi gita cac muirc 4f° ¢6 tinh chat "cAm
spin" va "cim ludng cuc dién", do d6 phat xa ciia Eu** thuong dién ra ¢ cac budc song dai hon,
tao nén anh sang huynh quang 6n dinh va sic nét. Mot trong nhiing dic diém quang hoc ndi bat
nhit cua ion Eu® 1a dai phat xa dic trung trong ving anh sang do, véi budc séng trung tdm
khoang 618 nm. D6 1a cac chuyén doi tir mirc kich thich SDo xubng cic mirc co ban ’F, (J = 0-4)
[6]. DAy 1a qua trinh phat xa chinh, tao ra 4nh sang do, diéu nay giai thich tai sao Eu** dugc sir
dung rong rii trong cac tmg dung hién thi va phat quang do.

Viéc pha tap cac ion dat hiém, dién hinh 14 jon Eu** vio mang nén cta ZnSe QDs da thu hut
nhiéu sy cha y do kha nang cai thién dang ké cac tinh chat quang hoc va tir tinh cta vat liéu [6],
[7]. Ton Eu*, véi cau hinh dién tir ddc biét, cho phép phat xa “huynh quang ¢ cac budce song khac
nhau, déc biét 1a trong ving phé do. Khi dugce tich hop vao ciu triic ZnSe QDs, su tuong tac gitra
céc ion Eu®* va mang ban dan c6 thé tao ra nhitng hiéu tmg phat quang méi va 6n dinh hon so véi
vat liéu chua pha tap [6] — [9].

Muc ti€u cta bai bao nay la tong hop va nghién ctru déc trung cac QD ZnSe pha tap ion Eu,
nham nghién ctru anh hudng ctia nong do ion pha tap dén cac tinh chat quang hoc cua vt liu.
Két qua nghién ciru s& cung cap thém nhirng hiéu biét sau sic vé co ché phat quang cua ZnSe
QDs pha tap Eu’’, tir d6 m¢ ra nhitng trién vong tmg dung vat liéu cho cac thiét bi quang dién tur
va hién thi thé hé méi.

2. Thuc nghiém
2.1. Héa chit

Bot ZnO (99,98%), bot Se (99,99%), 1-octadecene (ODE, 90%), tri-n-octylphosphine (TOP,
97%), axit oleic (OA, 90%), Muoi Europium (lI11) Acetate Hydrate (99,9%), toluene (97%) va
isopropanol (98%). Cac hoa chat trén dugc cung cap boi hang Sigma-Aldrich.
2.2. Téng hop cdc chim lwong tiv ZnSe va ZnSe pha tap Eu**

Khudy ZnO véi OA va ODE & 180 °C trong 90 phut thu duoc dung dich 1 chta cac ion Zn?*.
Khuay mubi Europium (III) Acetate Hydrate trong TOP va ODE ¢ nhiét d6 120 °C trong 30 phiit
thu duoc dung dich 2 chira cic ion Eu®*. Hoa Se trong TOP va ODE ¢ nhiét d¢ 120 °C trong 30
phut thu duoc dung dich 2 chtra cac ion S*. Bom nhanh dung dich 2 vao dung dich 1 tai nhiét do
280 °C va giir phan tng trong thoi gian 30 phit, thu duge dung dich chira cac QD ZnSe va ZnSe
pha tap Eu**. Cac QD ZnSe, ZnSe:Eu*"1%, ZnSe:Eu**3% va ZnSe:Eu®*5% dugc ki hiéu 1a Z0,
71,73 vaZs.

2.3. Cic phwong phdp dic trung tinh chat

Pho hap thu quang dugc do t?;"mg may Jasco V-770 (Varian). Thanh phan nguyén to cd trong
cac QD duogc xac dinh bang phd tan sac nang lugng (EDX, Model JOEL JSM-5610). Cau truc
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tinh thé cta cac NC dugc khao sat bang may nhidu xa tia X (SIEMENS D-5005). Phd quang
huynh quang dugc do bang may FLS1000, Edingburgh.

3. Két qua va thao ludn

Ph6 EDX la cong cu quan trong trong viéc xac dinh sy c6 mat va thanh phﬁn hoa hoc, dic biét
trong cac nghién ctru vé vat liéu va ban dan, cung cip cai nhin sdu sic vé cdu triic nguyén tir va
thanh phan cta vat liéu. Phd EDX cua cac QD ZnSe pha tap Eu®* v6i ndng d6 5% dugc quan sat
trong Hinh 1. Két qua quan sat trén Hinh 1 cho thiy su c6 mit cia cac nguyén t6 Zn, Se va Eu voi
cac dinh tai cac nang luong tuong Ung [6]. Ngoai ra con ¢6 su ¢ mit cua cac nguyén td C va O,
day 1a cac nguyén to co trong cac tién chét hiru co dung dé ché tao cac QD. Ty 18 % cac nguyén tur
Zn, Se va Eu c6 trong mau ZnSe:Eu®"5% lan luot 1a 41,43, 54,65 va 3,92%. Co thé nhan thay ty
18 % thuc té ciia cac ion Eu®* trong cac QD ZnSe:Eu®*5% chi 14 3,92%, chimg t6 khong phai tit ca
cac ion Eu®* d3 chui duoc vao mang tinh thé ZnSe dé thay thé vi tri cua cac ion Zn**.
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Hinh 1. Phé EDX ciia cic OD ZnSe pha tap Eu** véi Hinh 2. Gian do nhiéu xa tia X ciia cdc 0D ZnSe va
nong do 5% ZnSe pha tap Eu

Gian d6 nhiéu xa tia X (XRD) dugc st dung dé xac dinh ciu trac cua cac QD ché tao dugc.
Gian dd nhiéu xa tia X cua cac QD ZnSe va ZnSe pha tap Eu®* dugc quan sat trén Hinh 2. Cac
QD ZnSe khong pha tap va pha tap v6i cac nong do Eu** khac nhau (1%, 3%, va 5%) déu cho
théy su xudt hién cta cac dinh nhidu xa twong tng voi cac mit tinh thé (111), (220), va (311) cua
cau tric 1ap phuong gia kém (ZB) cua ZnSe [1], [6]. V6i cac QD ZnSe khong pha tap, cac dinh
(111), (220), va (311) Xudt hién tai cac goc 260 Xap xi 26,5°, 44°, va 52°, tuong ng voi cac mat
tinh thé chuan ctia ZnSe v6i ciu tric 1ap phuong (2], [3 Khi ting ndng d6 Eu**, cac dinh nhidu
xa dich nhe vé phia goc 16n hon va giy ra thay d6i vé hinh dang va do rong cua céc dinh nhiéu
xa, diéu nay chi ra anh huéng ctia qua trinh pha tap Eu* 1én cdu tric tinh thé ctia cac QD ZnSe
nhu gy ra cac bién dang nhe trong mang tinh thé va lam thay d6i hang s6 mang [6]. Ban kinh
cac ion Zn®* va Eu® 1an luot 12 74 va 95 pm. Co thé nhan thdy do rong cia cac dinh nhidu xa
cling tang dan khi ndong d6 Eu®* ting, cho thiy su giam kich thudc tinh thé khi pha tap ion Eu®*.
Kich thude tinh thé (D) ctia cac QD c6 thé dugc xac dinh bang cong thirc Debye-Scherrer [10]:

kA
= )
pcosé

Trong d6, 0 1a goc nhiéu xa, P 1a dd ban rong, 1=0,154 nm 1a budc song tia X, k=0,9 1a hr:ing
s6 Scherrer. Hang s mang tinh thé (a) thu duoc tir gian dd XRD bang phuong trinh sau [5]:

1 h*+k*+1?
dhzkl a2

)
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d 1a khoang cach gilta cac mat phiang mang twong tmg véi cac chi s6 Miller h, k, 1 va duoc xéac
dinh bang phuong trinh Bragg [5], [6]:
nA=2d,,sin@ (3)
Kich thude tinh thé va cac tham s6 mang ciia cac QD dugce biéu dién trong bang 1.

Bang 1. Cdc tham s6 mang cia cdc QD ZnSe va ZnSe pha tap Eu®*

Miu  Dinh 20-(111) (d9) Do ban rong-p (d9) Hang s6 mang () Kich thuée tinh thé (nm)

Z0 27,47 3,12 5,681 2,63
Z1 27,49 3,18 5,678 2,57
Z3 27,53 3,22 5,675 2,54
Z5 27,64 3,27 5,671 2,50

Dé nghién ciru ciu trac ving niang luong, do rong ving cdm va xac dinh kich thudc cua cac
QD ban din, chung toi tién hanh nghién ctru phd hap thu ciia cac miu. Phd hip thu cua cac QD
ZnSe va ZnSe pha tap Eu** dwoc quan sat trén Hinh 3. Vi cac QD ZnSe (ki hiéu Z0), phd hap
thu xuat hién dinh hap thy exciton thir nhét rd nét tai budc soéng 379 nm. Pinh hép thy exciton
ndy tuong ng voi chuyén mirc ning luong gitra vung hoa trj va ving dan va chinh bing nang
lugng ving cam cua cac QD [11]. Khi nong d§ Eu** tang Ién tur 1 dén 5%, ta quan st thay su
dich chuyen cua dinh hap thu exciton thir nhat vé phia budc song dai hon (red-shift) tur 383-393
nm. Piéu nay chi ra rang viéc pha tap Eu*" da lam giam d¢ rong vung cAm cua ZnSe QDs. Két
qua nay duoc giai thich bang cach thém ion pha tap vao mang tinh thé, din dén sy hinh thanh céac
mirc ning lwong méi trong ving cam cia vat liéu, lam giam nang luong can thiét dé kich thich
dién tir tir ving hoéa tri 1én ving dan.
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Kich thudc ctia cac QD c6 thé dugc xac dinh thong qua ning lwong ctia dinh hip thy exciton,

st dung cong thire [12]:

W’

Eg = Ebulk +W (4)
Trong do: Eq 1a d6 rong ving cAm cua cac QD. Epyy 14 d6 rong ving cAm cia ZnSe k}léi 2,7
eV). mx la khoi luong hiéu dyng cua electron trong ZnSe (khoang 0,25 mo, v6i my 1a khoi lugng
electron tw do). 7 la hang s6 Planck (1,055.107%.s) [1] — [3]. Cac tham sb vé dinh hap thu
exciton, nang luong vung cam, kich thudc cac hat dugc quan sat trong Bang 2. Co thé nhan thay
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khi nong d6 pha tap Eu tang 1én thi kich thudc ciia cac QD ciing ting 1én, twong tu cac két qua
duoc quan sat trudc do.

Bang 2. Pinh hp thu, ndang lwong ving cam va kich thude hat ciia cic OD ZnSe va ZnSe pha tap Eu®*

Miu Pinh hap thu (nm) Ning lwgng viing cim (eV) Kich thudc hat (nm)
Z0 379 3,27 4,56
Z1 383 3,24 4,63
Z3 387 3,20 4,71
Z5 393 3,16 4,85

Dé xic dinh budc song kich thich hiéu qua, chung t6i tién hanh do phd kich thich huynh
quang (PLE) ciia cac QD ZnSe pha tap 5% Eu®*, két qua dugc biéu dién trong Hinh 4. Phd kich
thich huynh quang thé hién cac dinh dic trung cho cic qua trinh chuyén doi ndi dién tir gitra cac
mirc ning lugng cua ion Eu** [4]. Phd PLE cua cac QD ZnSe pha tap 5% Eu® c6 5 dinh kich
thich. Pinh kich thich rong ¢ budc séng ngan nhat (332 nm) 1a dinh kich thich ciia nén ZnSe.
Bén dinh kich thich hep tai cac budc song 398, 464, 526 va 539 nm la céc dinh kich thich dac
trung ctia ion Eu®* twong tmg véi cac chuyén doi Fo — °Le, "Fo — 5Dz, "Fo — 5D va ’F; — SDu
[4], [6]. Cac dinh cuong do cao tai cac vi tri ndy cho thiy su twong tac manh mé giita cac mirc
nang lugng cua Eu** va mang ZnSe.

Phé huynh quang (PL) gitip xac dinh cac mirc nang lugng va tinh chat quang hoc ciia vat liéu.
Ph6 huynh quang ctia cac QD ZnSe va ZnSe pha tap Eu®" duoc trinh bay trong Hinh 5. Vi cac
QD ZnSe (hinh nhé trong hinh 5), phd PL (dugc kich thich tai budc song 332 nm) cho thdy xuat
hién dinh phat xa manh tai budc song 421 nm. Pinh phat xa nay dugc phat ra khi dién ti tir ving
dan tai hop v6i 15 tréng trong viing hod tri ctia ZnSe, con dugc goi 1a phat xa exciton [6].
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Hinh 5. Phé hupnh quang ciia cac QD ZnSe (hinh nhé bén trén) va ZnSe pha tap Eu®*
tai buoc song kich thich 464 nm

Nhu vy cac QD ZnSe khong pha tap phat xa anh sang mau xanh lam. Ph6 PL ciia cac QD ZnSe
pha tap Eu®* xuat hién 5 dinh phat xa dic trung tai cac budc song 575, 590, 619, 654 va 701 nm
tuong tng véi cac chuyén doi phat xa Do — 7Fo, Do — 7Fy, Do — "E,, Do — "F3 va Do — "E,4 [5],
[6]. Day 1a cac dinh phat xa ddc trung cua Eu™, véi sy chuyén doi cua cac dién tir tir cac mire kich
thich cao hon xuéng mirc nang luong thap hon trong ion Eu*. Phd huynh quang cho thiy su twong
tac r0 rét gitra ion Eu*" va ZnSe khi nong d6 Eu** tang. Su pha tap Eu®* tao ra cdc mirc ning luong
trong viing ciAm ctia ZnSe, din dén sy phat quang dic trung cua Eu’* & cac bude séng do (~575 nm

http://jst.tnu.edu.vn 203 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 199 - 205

- 701 nm). Cudng d6 phat xa cua Eu** ting 1én khi ndng do ting dén 5%, chimg to chua xay ra hién
tuong dép tit huynh quang khi ndng d6 Eu trong cic QD ZnSe 1én dén 5%.

Gian d6 toa d6 mau CIE 13 mot cdng cu quan trong trong linh vuc quang hoc. N6 thé hién mbi
quan hé giira cac mau sic ma mat nguoi cé thé nhin thay va dugce chuan hoa theo cac toa do trong
mot khéng gian mau. Gian dd CIE biéu dién toa d6 mau sic cua cac QD ZnSe va ZnSe pha tap
v6i cac nong d6 Eu** khac nhau dugc quan sat trén Hinh 6. Cac diém mau cua cac mau di chuyén
tir ving xanh (v6i ZnSe) vé phia ving d6 cam khi nong do Eu®* ting 1én. Piéu nay cho thay rang,
khi pha tap Eu*, tinh chat phat xa quang hoc ctia ZnSe thay di rd rét, dan chuyén sang mau sic
4m hon (d6 cam) khi ndng d6 Eu** cao hon. Bang 3 la dir liéu cung cap toa d6 mau (X, Y) va
nhiét d6 mau tuong quan (CCT) cua cac mau. CCT la thudc do dinh luong dé biéu dlen mau sic
ctia ngudn sang. Céac gia tri CCT trong bang ting dan tir 1710 K dén 2204 K khi néng d6 Eu®*
tang 1én. Sy thay ddi ctia toa d6 mau va CCT cho thiy rang viéc pha tap Eu* vao ZnSe QDs
khong chi lam thay d6i tinh chéat quang hoc ma con diéu chinh mau sdc phat xa cta vat lidu [6].
Piéu nay mo ra tlem nang ng dung cua cac QD ZnSe pha tap Eu®" trong cac thiét bi chiéu sang
va hién thi, noi can diéu chinh mau sic phat xa.

Hinh 6. Gidn do CIE biéu dién toa dé mau ciia cic QD ZnSe va ZnSe pha tap véi cdc nong dé Eu* khdc nhau
Bang 3. Toa dg mau (X, Y) va nhiét dp mau twong quan (CCT) ciia cdc mdu
CIE

MAu ” y CCT (K)
Z0 0,246 0,116 1710,0
Z1 0,630 0,367 2105,0
Z3 0,635 0,364 21841
Z5 0,636 0,363 2204,3

4. Két luan

Céc cham lugng tir ZnSe pha tap ion Eu** v6i cac nong do 0%, 1%, 3% va 5% da duogc ché
tao thanh cong bang phuong phap hoa wot. Két qua phan tich gian ) XRD cho thdy cac QD déu
¢6 cu trac tinh thé lap phuong, v6i kich thuge tinh thé giam khi tang nong do Eu**. Két qua phén
tich tir phd hép thu cho thay sy dich chuyén dinh hép thy vé phia budc song dai va kich thude hat
tang tir 4,56-4,85 nm khi néng d6 Eu** tang tir 0-5%. Phd PL ctia cic QD ZnSe pha tap Eu®* xuat
hién 5 dinh phat xa déc trung tai cac budc soéng 575, 590, 619, 654 va 701 nm tuong Ung v4i cac
chuyen doi phat xa 5Do — "Fo, Do — "Fy, Do — 7F,, *Do — "F3 va Do — "F,. Cuo‘ng d6 phat xa
cua Eu** tang Ién khi nong do tang dén 5%, chung t0 chua xdy ra hién tuong dap tat huynh quang
khi ndng d6 Eu trong cac QD ZnSe 1én dén 5%. Phd PL cua cac QD ZnSe pha tap ion Eu** mé
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rong ving phéat xa vé phia anh sang do6 so vdi cac QD ZnSe khong pha tap. Cac két qua nghién
clru trong bai bao nay cho thay tiém nang timg dung cua cac QD ZnSe pha tap ion Eu’* trong linh
vuc chiéu sang.
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