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Tém tat: Thly tinh véi hop phan TeO,-B,03-ZnO-Na,0-Eu,0; duoc ché tao bing phwong phap néng
chay, céc tinh chét quang clia cac mau thay tinh nay dwoc khéo sat théng qua phd phat quang va phd

kich thich phat quang. Phan tich chi tiét phd kich thich phat quang ctia cac mAu, chiing t6i thay réng bén
canh céac vach kich thich vé phia nang lwong cao, xuét hién cac vach c¢é cwdng dd yéu, ngudn gbc cac
vach nay la vach phonon side band. Phd phonon side band (PSB) cho phép nghién ctru trang thai dao
déng clia mang nén, nang lweng dao dong cla cac nhém nguyén tér 1an can va céc lién két voi ion Eu.
Théng qua phd kich thich, phd phonon side band twong (rng vé&i chuyén doi dién t ’F, - °D, cda ion
Eu® dwoc quan sat. Sy anh hwéng cia hop phan Ién hdng sbé lién két dién t& - phonon cla ion Eu®
trong hé théng céc mau thay tinh da giai thich sw thay dbi trong phd kich thich.

T khéa: ion Eu®;ion dét hiém; thay tinh; phd phonon side band; tinh chét quang.

1. Gi&i thiéu

Hién nay, véi su phat trién nhanh cua nganh cong
nghé thong tin thi khéng thé khong noi dén vai tro sé
mot cua linh vuc théng tin quang, vi vay tap trung
nghién ctu va phét trién céc linh kién quang hoc dua
trén cac vat liéu thuy tinh pha tap dat hiém dang 1a mdi
quan tdm dic biét cua c&c nha nghién ciru. Cudc cach
mang vé nhirng &g dung caa né ciing dang din ra mot
cach manh mé&, nhu tng dung trong lasers, lasers dan
song, thiét bi khuéch dai quang, soi quang... [1, 6].

Dé c¢6 duoc cac tng dung nhu vdy, ddu tién ngudi
ta chd y tim céc vat lidu c6 niang lwong phonon nho dé
giam qué trinh phat xa nhiét da phonon va nang cao tiét
dién quang cua cac ion pha tap. Trudc day, thuy tinh
Silica c6 ning lugng phonon kha 16n (1100cm). Trong
khi @6, thuy tinh Chalcogenide nang lugng phonon kha
thip (khoang 300cm™) nhung thuy tinh Chalcogenide
lai khéng c6 cac tinh chat nhu thuy tinh Silica, d6 1a su
6n dinh co, bén héa va bén co hoc. Vi vay, thiy tinh cé
hop phan B20; - TeO, - ZnO - Na,O dai dién cho su két
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hop nay (c6 ning lwong phonon khoang 650 -750 cm™?)
[7, 11].

Trong bai bao nay, ching t6i bdo céo cac két qua
khao sat tinh chat quang hoc cua cac mau thuy tinh
B20;3 - TeO, - ZnO - Na,O pha tap Eu,Os. Bang phuong
phap phé phonon side band, ciu trac méi trudng cuc bo
xung quanh vi tri ion Eu®* da dugc nghién ciru mot cach
chi tiét.

2. Thwc nghiém

Tét ca c&c mau thuy tinh duoc ché tao bang phwong
phép néng chay vai cac hoa chit ban dau: HoBO3, TeO,,
Zn0O, Na,COsva Eu,03 theo ti 1€ sau:

20B,05-59,9Te0,-10Zn0-10Na;0-0,1Eu;0; (ki hiéu

mau la BT20);

30B,03-49,9Te0,-10Zn0-10Na,0-0,1Eu,0; (ki hiéu
mau la BT30);

408203-39,9T602-1OZHO-1ON320-0,1EU203 (ki hiéu
mau la BT40);

50B,03-29,9Te0,-10Zn0-10Na,0-0,1Eu,03 (ki hiéu
mau la BT50);

60B,03-19,9Te0,-10Zn0-10Na,0-1Eu,03 (ki hiéu
mau la BT60).
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Cac hoé4 chét duoc tron, nghién véi ti 1é thich hop
nhu trén, sy ¢ nhiét ¢ 100°C trong thoi gian 24 gio va
nung & nhiét 6 1300°C trong thoi gian 2 gio, sau d6 ha
tir tr xudng nhiét ¢ phong. T4t ca cac mau déu trong
sudt, sau d6 duoc mai va danh bong trudc khi tién hanh
cac phép do quang hoc.

Cac mau sau khi ché tao déu duoc tién hanh kiém
tra cau tric bang nhiéu xa tia X trén may nhiéu xa XRD
- D5000. Phé phat quang va kich thich phat quang duoc
thuc hién trén hé thiét bi FL3-22 spectrometer.

3.Két qua nghién ctru va khao sat

3.1. Cac dic tinh vé cau trac

Curomg d6 (d.vt.d)

T
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Hinh 1. Gidn do nhiéu xa tia X ciia cac mdu BT20,
BT30, BT40, BT50 va BT60

Két qua nhidu xa dwoc trinh bay trén Hinh 1. Tur
gian d6 nhiéu xa cho thdy cac mau déu c6 cu tric vo
dinh hinh. Hay ndi cach khac, véi quy trinh ché tao vat
liéu da lya chon thi hdn hop cac chét ban dau di nong
chay hoan toan va san pham thu dugc cé dang thuy tinh.
3.2. Phé kich thich phat quang

Hinh 2 trinh bay phé kich thich phat quang ciia cac
mau do tai nhiét d6 phong, duoc ghi tir tin hiéu phat
guang 612 nm cua ion Eu®* khi thay d6i nang lugng
birc xa kich thich tir 250 dén 550 nm va twong ing Vi
céc chuyén doi kich thich: 7FO— 5H6 (319 nm), 7Fo— 5D4
(361 nm); 'F,— "D, (364 nm), 'F,— "G, (375 nm), 'F, -
°G, (380 nm), 'F,— "L (394 nm), 'F,~ "L (400 nm), 'F,

5 7 5 7 5

- D, (414 nm); F,— D, (465 nm); F — D, (525 nm);
7F1 - 5Dl (533 nm). Céc dich chuyén nay cho thay phé
gom céc vach kich thich dic trung cho cac chuyén doi f -
f cua ion Eu* [12]. C6 thé thay cudong do cac vach kich
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thich twong wng véi cac chuyén doi ’Fo - 5L va 'Fo - 5D;
kha manh va hep, trong khi cac chuyén doi con lai co
cuong d6 yéu hon. Tir két qua do pho kich thich cho thay
cac dai kich thich hau nhu ndm trong ving UV, tim,
xanh duong va xanh luc twong tng véi vung hoat dong
céc nguon sang laser va LED trén thi truong hién nay,
day la diéu rat thuan loi d6i voi vat ligu phéat quang.

Cuong do phat quang (dvtd)
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Hinh 2. Phg kich thich phat quang cia Eud* trong cac
mau (Voi Jem = 612 nm)

Duya vao phd kich thich phat quang cua cac mau ta
c6 thé thiét lap gian dd cac mirc nang luong & cac trang
thai kich thich cia ion Eu®* trong cic mau thuy tinh
(Hinh 3). Cau tric cac mirc nang luong ndy cho phép
nghién ctu vé tinh chat cac chuyén doi phat xa va
khong phéat xa cua vat liéu thay tinh ndy. Mat khéc, ti
gian dd cac muc ning lugng cua ion Eud* cho thay hiéu
suat phat quang ciia muc °D; ¢6 lién quan dén téc do
truyén niang lugng khong birc xa (Wnp) tai mirc do, hiéu
sudt nay bao gom téc d6 phén ra da phonon (W) va toc
d6 phuc hoi do truyén nang lugng (Wer). Trong trudng
hop vé&i cac mau thuy tinh BTz, BTso, BTao, BTso va
BTso do ndng do ion Eu®* thdp nén hiéu tng truyén
nang lugng cd thé bo qua. Vi vay yéu té quyét dinh hiéu
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suat luong tir 1a W,. Theo |i thuyét Miyakawa - Dexter

[13] thi W, duoc xac dinh: Wy= Woexp aAE , trong
nw

d6 Wo la x4c suat chuyén doi ngoai suy khi AE = 0, khi

khong phu thudoc vao ban chat cia ion dit hiém,

a =In[AE /(n@g) —1], AE 1a khe ning luong dén

cac muc dudi.
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Hinh 3. Gidn do khe nang lwong gia mét sé mirc ¢
trang thai kich thich cua ion Eu®* trong mau BT60

Nhu vay r6 rang W €0 gid tri I6n hon & nhitng vat
liéu co ndng lugng phonon I6n, d6 1a i do tai sao phat
quang tir muc °Dy, °D; va 5D; rat khé tim thiy trong cac
vt liéu nhiéu B,z nhung lai d& dang quan st trong cac
vt liéu nhiéu TeO, va & cac vat liéu nhiéu B,Os thi hau
hét cac dién tir dugc chuyén vé muc Do rdi méi phét
quang, diéu nay ciing giai thich vi sao ti s cuong do
cua cac dai 'Fo - 5L, "Fo - °D2 ¢6 su thay doi khi thay
ddi ham lugng B,0s, cu thé dai kich thich 7Fq - °Ls ting
manh & nhitng mau c6 ti 1& BoO3 cao hon nhur da quan
st thay & trén Hinh 2.

* Phé phonon sideband

Phan tich chi tiét hon phé kich thich phat quang cua
c4c mau, chang tdi thiy rang bén canh céc vach kich
thich vé phia ning lugng cao thi c¢6 xuét hién mot sb
dinh kich thich c¢6 cuong d¢ yéu (nho hon ¢ trdm lan

S0 VGi cuong d6 cac vach kich thich dac trung cua ion
Eu®). Két qua thu duoc kha phd hop véi céc cong bd
[14, 15], ngudn gbc caa cac vach nay duogc xac dinh 1a
vach phonon sideband (PSB) twong ung vai chuyén doi
dién tir thuan tdy caa ion Eud*, nhu chuyén doi 'Fo - °D;
c6 sideband tir 420 nm dén 450 nm.
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Hinh 4. Phd PSB ciia chuyén doi 'Fo—°D; ciia ion Eu*
trong cac mau BT20, BT30, BTE40, BT50 va BT60

Khi kich thich dién tir & mic co ban "Fo bang &nh
sang c6 nang luong ding bang hiéu cua hai mirc nang
lwong (ching han 5Do 123 va “Fo) dién tir s& chuyén tir
muc "Fo 18n *Do123 d6 1a chuyén doi dién ti thuan tly
(pure electron transition - PET), phd twong @ng la cac
vach zero - phonon (ZPL). Tuy nhién, khi kich thich
chuyén doi "Fo 18n 5Do1.23 boi anh sang ¢ nang lugng
cao hon chut it; ca cac mode dao dong xung quanh ion
Eu®* ciing nhu trang thai dién tir ciia n6 ciing dong thoi
duoc kich thich. Do d6, ta thu dwgc ca chuyén doi zero -
phonon va cac dai PSB, cac dai PSB ¢ nang lugng I6n
hon mét chiit nhung c6 cuong do nho hon hang tram 1an
S0 Vi cudng do cua cac chuyén doi dién tir thuan tay
tuong ung.

Nhu vay ning lwgng phd phonon side band thu
dugc trong phd kich thich tuong tng voi qué trinh hap
thu ning luong du cia phonon téi. Phan nang lwong du
thira nay dwoc truyén cho mang lan can & dang céc
phonon. Gié tri nang lugng chénh léch gitta PET va
PSB chinh la nang lugng cua phonon sinh ra, nang
luong dic trung cho thanh phin dao dong cua moi
truong cuc bd xung quanh vi tri cia ion dat hiém [16].

Bdng 1. Nang hrong phonon (cm™) va hang sé lién két
dién tir - phonon tinh tir phé phonon side band cia
chuyén doi dién tir thuan tly "Fo - °D;
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ZPL(cm™) Hing so lién két (g)
Maiu ("Fo - °D2) dién tir - phonon
binh1 | Pinh 2 | Pinh 3
BT20 21505 0,036 0,019 0,022
BT30 21507 0,032 0,023 0,028
BT40 21502 0,026 0,028 0,030
BT50 21510 0,019 0,037 0,035
BT60 21508 0,015 0,040 0,037

Dé md ta muc do lién két gitta mode dao dong
mang va chuyén doi thuan tay dién tor nguoi ta thuong
dung dai luong g 1a luc lién két dién tir - phonon:

Aoy _[1rst?
At JIPETdi

cua chuyén doi dién tir thuan tdy va lpsg 14 cuong do
cua dai PSB twong ng. Phan tich va tinh toén tir phd
PSB cua mau BT20, BT30, BT40, BT50 va BT60 tng
vé6i chuyén doi 7F - °D; ta thu duoc thong tin vé do lién
két dién tir - phonon, nang lwong phonon cia cac nhém
nguyén tir 1an can ion Eu?* duogc trinh bay chi tiét ¢
Bang 1 va kha ph hop vai cac cong bb [14, 15].

g:

, trong d6 lper 1a cuong do

3.3. Phé phat quang

Phé phat quang cua Eu* (véi budc séng kich thich
394 nm) trong cac mau thay tinh BT 29, BTa0, BT40, BTso
va BTeo duoc trinh bay trong Hinh 5. Phd phéat quang
gdm cac dai phét xa dic trung cua ion Eu* ¢6 cac dinh
tai 578, 591, 612, 652 va 702 nm tuong Uung V4i Cac
dich chuyén tir mic Do xuéng cac mic ’Fy, cu thé 1a
SDo—'Fo, 5Do—'F1, Do—'Fs, °D¢—'F3, °D¢—'Fa.
Ngudn géc phat quang nay dugc xac dinh trong cac tai
liéu [2, 5, 8, 10, 14, 15]. Tur két qua do pho phat quang
cho thy ion Eu®* da lién két véi cac thanh phan trong
mang nén thay tinh, vi tri cuc dai va do rong phd cua
céc dai phat xa thay doi khdng nhiéu khi thanh phan
TeO, va B,03 thay dbi. Pay ciing chinh 14 dic diém noi
bat cta cac dién tir ¢ 16p 4f trong cac ion dét hiém.
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Hinh 5. Phé phat quang cua cac mau khi kich thich bgi
bwéc séng 394 nm

4.Két luan

Ché tao thanh cdng cac mau thuy tinh véi cac hop
phan TeO; - B;03 - ZnO - NayO - Eu,03 bing phuong
phép noéng chay. Tir d6 tién hanh khao st cau tric va
céc tinh chat quang cua ching. Bing phuong phap phd
phonon side band, ciu trac méi trudng cuc bd xung
quanh vi tri ion Eu3* da dugc nghién ciu. Hang sé luc
lien két dién tur - phonon cho thiy ti 1é hop phan B,Os3
va TeO, di anh huong muac do lién két gitra cac mode
dao dong mang thay tinh va cac chuyén doi dién ti dic
trung cua ion Eu®",
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EFFECTS OF COMPOSITION ON OPTICAL PROPERTY OF Eu®* ION IN GLASSES

Abstract: The glasses with the composition of TeO,-B,03-ZnO-Na,O-Eu,0;3 has been synthesized by melt quenching method,
their luminescence properties were investigated by excitaion and emission spectra. The local structure of the Eu® ions in the
prepared glasses can be explored using phonon side band (PSB) spectra of the Eu®* ions at the high energy side of the "Fq- °Dg
transition. Phonon side band associated with the "Fo-°Dy transition deals with the local structure coordinating Eu®* ions and the nature
of the vibrations around the Eu® ion sites. The PSB has been studied to understand the vibration behavior of the lattice in the
immediate vicinity of the rare earth ions. In the excitation spectrum, PSB associated with the pure electronic transition ’Fo — °D, at 465
nm is clearly observed. The composition dependence of the electron- phonon coupling strength has been used to explain the

variation of the spectroscopic properties of the sample system.

Key words: ion Eu®; rare earth ions; glass; phonon side band and optical properties.
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