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ANH HUONG CUA NONG PQ PHA TAP VA NHIET PQ LEN TINH CHAT QUANG
CUA NANOCOMPOSITE SiO, — ZnO PHA TAP VOI ION Eu*
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Toém tat:

Mang nanocomposite SiO, - ZnO pha tap Ew’* duoc ché tao bang phwong phap solgel va k)? thudt
quay phi voi lwong ZnO thay doi tw 5 t6i 25% mol. Cdu triic va hinh thdi ciia mang dwoc khdo sat bang pho
nhiéu xa tia X va anh hién vi dién tir quét (SEM). Tir phé nhiéu xa tia X va anh SEM ta c6 thé thdy dwoc cdc
nano tinh thé ZnO da duwoc tao ra trong mang Si0O, véi kich thuéce tir 3 - 5 nm. Tinh chat quang ciia mang
dwge phan tich bang phé huynh quang va phé kich thzch huynh quang. Twpho huynh quang cé thé quan sat
thdy mét dinh phdt xa manh tai buéc song 613 nm tuwong ing voi dich chuyén ’D, — 'F, cua Eu3+ cuong
do dinh nay tang lén khi ham luong ZnO trong mau ting va dat cuc dai khi hrong ZnO trong mau dat 15%
mol. Tir phé kich thich hupnh quang cé thé xdc dinh mét viing phé cé dinh ¢ 268 nm, dinh nay tiong irng
voi su hdp thu dich chuyén vimg - ving ciia nano ZnO, tir dé c6 thé xdc dinh c6 s truyén nang lrong tir

cac nano ZnO sang ion cac Ev’* lam cweong do phat xa ciua cdc ion Eu’* tang lén.
Tir khéa: Cau tric, nanocomposite SiO -ZnO, Ev’*, pho huynh quang, truyén nang lheong.

Gidi thiéu

Trong nhitng nam gin day, vét liéu
nanocomposite SiO, pha tap v&i cac nguyén t6 dat
hiém da duoc chung t6 1a mot vat liéu tiém nang voi
hiéu sudt huynh quang cao c6 thé tmg dung trong
nhiéu 10ai thiét bi [1-3]. SiO, duoc xem nhu mot
mang nén tot cho cac ion dét hlem boi su trong sudt,
su da dang vé cAu trac va su dé dang ché tao cua no,
dic biét 1a trong cac thiét bi quang [4]. Tuy nhién,
do céc dich chuyén trong 16p 4f bi cAm nén céc ion
dat hiém co tiét dién hip thy nho trong mang nén
Sio,, didu nay dan dén hiéu suit huynh quang thép
Vlec pha tap céc tinh thé ban dan véi tiét dién hp
thu 16n 12 mot cach hiéu qua dé lam ting cudng do
huynh quang cua cac ion dat hiém.

ZnO la vat liéu ban dan I1-VI viing cim thang
(E, ~3.37 eV) v6i nang lugng lién két exciton lon
(khoang 60 meV) duoc chu y boi tinh chat quang,
dién, tur tha vi cua n6 cong véi sy than thién véi moi
truong va gia thanh ré [5]. Cac tinh chit quang cua
tinh thé nano ZnO pha tap v6i cac loai ion déat hiém
da dugc nghién ctru [6-9]; nhitng nghién ctru do chi
ra réng su truyén nang lugng tir ZnO sang cac ion
dét hiém co thé xay ra khi qua trlnh téng hop vat
lidu dwoc thiét ké va kiém soét tot.

Trong b4o céo ndy, chung toi bao co vé
quy trinh ché tao mang nanocompos1te SiO,- ZnO
pha tap ion Eu®'. Tinh chit quang cia cic mang
nanocomposite SiO,- ZnO pha tap ion Eu*" dugc
khao sat theo su thay d6i ham luong ZnO va nhiét
do 1. Su truyén nang luong tir ZnO sang cac ion
Eu’* cling da dugc quan sat.
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Thuc nghiém
Mang nanocomposte SiO,- ZnO pha tap

0.5% Eu** voi ham luong ZnO thay doi tir 5% dén

25% da duoc ché tao bang phuong phap sol-gel va
qué trinh quay phii. Dung dich ban du thu dugc
bing cach tron tetracthylorthosilicate (TEOS),
etanol (EtOH), nudc khir ion hoa voi axit clohidric
(HCl) lam xuc tac. Ti 1€ TEOS:EtOH:H,0 la 1:32:3.
Dé dung dich thiy phan o khoang 70°C trong 1 gio.
Dung dich dugc dua vé nhiét d6 phong sau dé cho
(CH,CO0),Zn.2H,0 va tiép tuc quay trong khoéu}g
1 gi¢ sau d6 cho Eu(NO,), hoa voi etanol vao hon
hop dung dich. Ti 1€ mol gitta SiO, va ZnO dugc
thay dbi 1an luot 1a 95:5, 90:10, 85 15, 80:20 va
75:25, con ti 1€ mol Eu**/[xZnO — (100 - )5)8102]
(x=15, 10, 15, 20, 25) 1a 0.5%. Dung dich cudi cung
duoc dé khudy & nhiét do phong trong 17 gio. Sol
thu dwoc duge quay phu vai toe dd 2000 vong/phut
trong 30s. Mbi 16p dugc xir Iy nhiét trong khong khi
tai 900°C trong vong 1 phut trude khi quay 16p tiép
theo. Cac mang khi da dugc 50 16p phu dugc xtr
nhiét 1an cudi trong khong khi ciing & 900°C trong
1 gi0, ta thu dugc cac mang cé khong nut gay va co
d6 ddng déu cao. Phd nhidu xa tia X cua cic mau
ché tao duoc do boi hé XRD D8000 véi ngudn phat
xa la Cu K tai khoa hoa truong dai hoc Khoa Hoc
Tu Nhién. Hinh thai ciia cdc mang dugc nghién cuu
bang kinh hién vi quét phat xa truong (FE-SEM,
Hitachi S-4800) tai vién Vé Sinh Dich Té Trung
Uong. Phd huynh quang (PL) va kich thich huynh
quang (PLE) dugc do & nhiét d6 phong bang may
quang ph6 Horiba NANO LOG.
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Két qua va thio ludn

Hinh 1 14 4nh nhiéu xa tia X ctia mau 85 SiO,-
15Zn0 pha tap 0.5 % mol Eu*, tir Hinh 1 ta c6 the
quan sat thiy cac dinh tai 20 bang 35.3° va 45.24°
twong ung voi cac mat (101) va (102) cta tinh thé
wurtzite ZnO. Hinh v& ciing cho thiy cac dinh nhiéu
xa tuong dbi rong va co cudong do yéu tir do co thé
xac dinh céac hat nano ZnO xuét hién trong mang
nén SIO v6i kich thudce rat nho. Bé co thém thong
tin vé klch thucrc hat va hinh thai bé mit cia mang
chung t6i tién hanh chup anh hién vi dién tir quét
(SEM). Anh SEM cta vt liéu mang nanocomposite
85Si0, - 15Zn0O pha tap 0.5%Eu’* dugc trinh bay
trén H1nh 2. Tir Hinh 2 ta c6 thé quan_ sat thdy kich
thudc hat ZnO trong mang rat dong déu va co kich
thude 3-5 nm. Tir két qua do phd nhiéu xa tia X va
anh hién vi dién tir quét c6 thé khing dinh da ché tao
thanh cong mang nanocomp0s1te SiO, - ZnO pha
tap Eu®* trén dé SiO,/Si véi nén SiO, ¢6 chira cac
nano tinh thé ZnO.

Cudmg d6 (dvtd)

40 50 60 70
260 (%)

Hinh 1. Phé nhiéu xa tia X ciia mau 85Si0,-15 ZnO
pha tap 0.5 % mol Ev** duoc xi Iy nhiét ¢ 900 °C
trong 1 gio

Hinh 2. Anh FESEM ciia mdu 858i0,-15Zn0 pha
tap 0.5% mol Ev’* dugc xir Iy nhiét ¢ 900 °C trong
1 gio

Pé nghién ctru sy anh hudng cia ham luong
ZnO 1én tinh chat huynh quang cua vét liéu chung
toi tien hanh do pho huynh quang cua cac mau da
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duoc ché tao. Tren Hinh 3a 1a phd phat xa huynh
quang ciia cac mau dugc ché tao véi cung diéu kién
coéng nghé, cung pha tap véi 0.5% Eu’*, duoc xtr ly
nhiét & 900 °C nhung ham lwong ZnO thay déi tir 5
t61 25% mol dugce kich thich ¢ budce song 268 nm.
Tir phd huynh quang trén Hinh 3a ta thiy mot dinh
phéat xa manh & budc song 613 nm dinh nay dac
trung cho chuyén mirc tir trang thai °D,—F, cua
Eu**. Cudng d6 huynh quang cua dinh nay tang 1én
khi ham luong ZnO trong mau ting 1én va dat gia
tri cuc dai khi ham lugng ZnO 1a 15 % mol. Ngoai
ra ta con quan sat thdy cac dinh phat xa khac dic
trung cua cac ion Eu¥ do cac dich chuyén 4f — 4f
tur trang thai kich thich °D, vé F, (J=0,1,3). Tu
phd huynh quang trén H1nh 3a chung ta cling quan
sat thiy ving phd dic trung cho chuyén mirc °D,

—'F, bi tach thanh 3 dinh nho 1an lugt & cac vi tr1
588, 593 va 598 nm. Chuyén mirc °D, — F, dugc
cho 1a chuyén mirc ludng cyc tir va phu thuoc nhiéu
vao truong tinh thé xung quanh cac tim phat huynh
quang hay ndéi cach khac phu thugc rét nhiéu vao
vi tri cac tdm phat quang trong mang nén. Tir viéc
quan sat thdy sw mo rong vach phd tao thanh 3 dinh
riéng biét co thé nhan xét cac ion Eu?* ¢6 thé nam &
it nhat 3 vi tri khac nhau trong mang nén.

—a— MO0595
—s—M1090
—a—M1585
—»— M2080
—e— M2575
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Hinh 3. @) Ph6 hupnh quang va b) kich thich huynh
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quang ciia cac mang nanocomposite ZnO — SiO, :

0,5% mol Eu** véi cdac ham luong ZnO khdc nhau

MO0595 (5% ZnO), M1090(10% ZnO),M1585(15%
Zn0), M2080(20% ZnO), M2575(25% Zn0O)

—a—268 nm|
—+—318 nm|
—+—360 nm
—v—378 nm|
——392 nm|
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Hinh 4. Phé hupnh quang cia madu 858i0,-
15Zn0:0.5%Ew*" dwoc do voi cdac buce song kich
thich khac nhau
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Hinh 5. Phé hupnh quang cia cdc mau 858i0,-
157Zn0:0.5% Ev’* voi cac nhiét do v khdc nhau

Dé hiéu thém vé sy truyén ning luong tir
ZnO sang « cac ion Eu*, phé kich thich huynh quang
clia cac mau mang nanocomposite SiO, - ZnO: Ev’**
phat xa tai 613 nm (mg voi chuyén mirc chiém wu
thé °D, —'F, ctia cac ion Eu*") dugc do véi cac bude
song leh thlch tir 250 t6i 450 nm (Hmh 3b). T pho
kich thich huynh quang cta cic mau ta c6 thé thiy
duoc cac dinh tai 318, 360, 378 va 392 nm, cac dinh
nay lan luot twong tmg véi cac dich chuyén hap thu
te 'F,—°H,, 'F —°D,, 'F, - °G, va 'F — L tlr trang
thai co ban 1én cac trang thai kich thich twong tng
ctia ion Eu**, va cac dinh nay gan nhu khong d6i dbi
v6i cac mau c6 ham lugng ZnO khac nhau. Tir phd
kich thich huynh quang trén Hinh 3b ta cling quan
sat thiy mot ving phd rong c6 cudng do manh co
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dinh & 268 nm dbi véi tat ca cac mau, dinh phd nay
hau nhu khong ¢ su dich chuyén khi luong ZnO
thay d6i. Pac biét 1a vang phd nay khong tuong tng
v6i dich chuyén nao cta ion Eu* nhung né tring
v6i sy hip thy dich chuyén dién tir ving-viing trong
nano ZnO, diéu nay hoan toan phu hop véi nghién
ctru cua Lubomir Spanhel vé& phd hap thu cta cac
nanocolloids ZnO [10]. Tur két qua thu dugc trén
phé huynh quang va kich thich huynh quang c¢6 thé
khing dinh c6 sy truyén ning lugng tir cac nano
tinh thé ban din ZnO sang cac ion Eu**. Sy truyén
nang luong nay lam cuong d phat xa huynh quang
ctia Eu®* ¢ bude song 613 nm tang 1én rd rét, két qua
nay hoan toan phu hgp véi y tuéng cua chung toi
khi dit ra van dé nghién ctru ché tao vét liéu dong
pha tap nano ZnO nham ting cudng hiéu suit phat
quang cho céc ion Eu*". Hinh 4 mé ta phd huynh
quang clia mau 85810, — 15Zn0:0.5%Eu’** khi kich
thich & cac budc song khac nhau, ta c6 thé thdy
duoc mdt cach rd rang hon sy ting cuong huynh
quang cua cac ion Eu®" khi ta kich thich thong qua
ZnO ¢ bude song 268nm.

Dé nghién ciru sy anh huong cua nhiét do
U 1én tinh chét huynh quang cua vat lidu ching toi
tién hanh do phd huynh quang ciia 4 miu dugc xur
1y nhiét ¢ cac nhi¢t do khac nhau tir 900 t61 1150°C.
Tir phd huynh quang trén Hinh 5 chung ta thiy khi
nhigt d6 @ thay doi tir 900 t&i 1100°C cuong do
huynh ‘quang & budce song 613 nm hau nhu khong
thay ddi, didu d6 c6 nghia 1a khi chung ta xur ly nhiét
0900 °C trong vong 1 gio thi cau triic cua mau da
6n dinh, khong con céc sai hong va cac nhéom OH
nhu cic mau xir Iy ¢ nhiét do thap. Nhung khi nhiét
d6 1 tang 1én dén 1150°C thi cuong d6 huynh quang
giam di mot cach rd rét, day 1a mot két qua tuong
d6i khac biét dbi véi vat lidu thiy tinh silica pha
tap Eu®* thong thuong. Trong trudng hgp nay chiung
t6i cho rang khi tang nhiét do thi khoang cach gitra
cac Eu-Eu va Eu-ZnO s& giam dan, huynh quang
ctia cac ion Eu** chi tét khi céc ion Eu va ZnO cach
nhau mét khoang céch nhét dinh nao d6, do do khi
khoang cach cua chung gan nhau qua s& dan téi
giam hiéu suét truyén ning luong tir cac nano ZnO
sang cac ion Eu*, su twong tac Eu — Eu ¢ khoang
cach gan c6 thé giy ra hién twong dap tit huynh
quang.

Két luan

Ché tao thanh cong mang nanocomposite
SiO,-ZnO pha tap Eu** bing phuong phép solgel
va ky thuat quay phu da quan sat thdy cac hat nano
ZnO phan b dong déu trong mang va cé kich
thuéce tu 3-5 nm. Cuong d6 huynh quang c6 cudng
dd manh tai budc song 613 nm tuong tng véi dich
chuyén tir °D, — F, thi quan sit dugc trén tat ca
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cac mau khao sat. Cuong do huynh quang thay d6i
khi ham lugng ZnO trong mau thay déi va manh
nhit d6i voi miu chira 15% mol ZnO duoc xtr ly
nhiét & 900°C trong 1 gid. Tir phd huynh quang va
kich thich huynh quang c6 thé khing dinh co su
truyén niang luong tir cic nano ZnO sang cac ion
Eu’", cuong d6 phat xa ctia Eu** ¢ 613 nm dugc cai

thién mot cach dang ké khi trong mau c6 nano ZnO.
Cuong d6 huynh quang hau nhu khong thay d6i khi
mau duge xtr 1y nhiét tir 900 t&i 1100°C.

Loi cam on. Cong trinh dugc hoan thanh véi sy tai
tro cua dé tai NCCB dinh huéng ung dung, ma so:
DT.NCCB-DHUD.2011-G/01.
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INFLUENCE OF COMPOSITION, DOPING CONCENTRATION
AND ANNEALING TEMPERATURES ON OPTICAL PROPERTIES
OF Eu**-DOPED ZnO-SiO, NANOCOMPOSITES

Abstract:

We have stupied structure and optical properties of ZnO - SiO, nanocomposites doped with Eu’*
ions with varied concentrations of ZnO and the annealing temperatures. The thin films containing ZnO
- 8iO, nanocomposites doped Eu’" ions were preparedby sol — gel method and spin-coating process. The
stuctures and morphologies of the thin films are studied by X - ray diffraction (XDR) and scanning electron
microsope (SEM). SEM images and X - ray diffraction patterns indicate that ZnO nanocrystals were creatin
SiO, matrix with particle size of about 3 - 5 nm. In addition, the emission and excitation spectra were
studies. From the analysis of the optical data, we are able to demontrate that multiple Fu - related optical
centers are present in the studied samples. The dominating of D —F, transition of Euw’* ions at about 613
nm suggests that Eu’* ions mainly take a site with inversion antisymmetry in the ZnO host. Also, the energy
transfer from ZnO nanocsystals ta Eu’" ions are observed in the excitation spectra with the excitation
wavelengths ranging from 250 nm to 450 nm.

Keywords: ZnO-SiO, nanocomposite, Eu’" ions, photoluminescence, energy transfer, thermal quenching.
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