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Tém tat: Thay tinh pha tap Tb¥*/Eu®* véi cac hop phan TeO, — B,O; - ZnO - Na,O - RE,O3 (RE=Tb, Eu)
duwoc ché tao bang phwong phap néng chay, cac tinh chat quang ctia cac mau thiy tinh nay dwoc khao
séat théng qua phd phéat quang va phd kich thich phat quang. Phd phat quang ctia mau thiy tinh chi pha

tap ion Th** khi kich thich bang bwéc séng 379nm ("Fs—°Ge) thi phét ra birc xa mau xanh déc trung tai
viing 543nm (°D4—7Fs). Phd phéat quang cta mau thdy tinh chi pha tap Eu®* khi kich thich bang bwéc
séng 394nm ("Fy—°Le) thi phét ra birc xa mau dé déc trwng tai ving 612nm (°*Do—'F»). V&i mau ddng
pha tap Tb/Eu, khi kich thich béng bwéc séng 379nm thi cé sy truyén néng lwong tir Th* sang Eu®*.
Qua trinh truyén nang lwong nay dwoc giai thich théng qua gian dé cac mlrc néng luong.

T khéa: ion Tb*;ion Eu®; thay tinh Tellurite; truyén néng lwgng va tinh chét quang.

1. Gi¢i thiéu

Mot trong nhitng linh vuc nghién ctru dugc quan
tam nhat hién nay 1a phat trién cac linh kién quang hoc
dung trong vién théng, soi quang, khuéch dai quang
hoc, laser rin, hién thi 3D dua trén céc vat liéu thay tinh
pha tap nguyén té dat hiém [1-4].

Trudce tién nguoi ta chd y tim cac vat liéu cé nang
lwong phonon thap dé giam xac suit cac qua trinh phat
xa nhiét da phonon va nang cao tiét dién quang cua cac
ion dt hiém. Trudc day thuy tinh Silica ¢6 ning lwong
kha I6n (1100cm?), trong khi d6 thuy tinh Chalcogenide
lai thap (khoang 300cm™) nhung vat liéu nay lai khéng
c6 tinh chét cua thay tinh Silica, d6 1a sy 6n dinh co,
bén hoa va bén co hoc. Vi vay, can phai tim mét loai vat
liéu co nang lwong phonon thip ma c6 do bén hoa va do
bén co hoc cao... thi thuy tinh kim loai ning voi cac
hop phan TeO,—B,03 - ZnO — Na,O dai dién cho su két
hop nay (c6 ning luong phonon khoang 650 -750cmt).

Trong bai béo nay, ching t6i béo céo cac két qua
khao sat tinh chat quang hoc cia cac mau thay tinh
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TeO; —B203; - ZnO — NaO pha tap Th,Os, pha tap
Eu,03 va dong pha tap Th,0s/Eu;Qs. Tir cac phd phat
quang va phé kich thich phét quang cho thong tin vé sy
truyén nang luong tir ion Th® sang Eu3*, ma khdng c6
su truyén ning lugng tir Eu®* sang Tb®*. Sir dung toa do
mau, ching t6i da xac dinh duoc toa d6 mau cia céc
mau da ché tao.

2. Thwe nghiém

Tat ca cac mau thuy tinh dwoc ché tao bang phuong
phap néng chay véi cac hoa chat ban dau: TeO,, H,BO3,
Zn0, Na,CO3, Th,03 va Eu,03 theo tS’ 1€ sau:

40Te0,-39B203-10Zn0-10Na,0-1Th,03
(ki hiéu mau 1a TTb);

40Te02-39B,03-10Zn0O-10Na;0-1Eu,03
(ki hiéu mu 1a TEu);
40Te0,-38B,03-10Zn0-10Na,0-1Th,0s-1Eu;03
(ki hiéu mAu 1a TTbEu).

Cac hoé chét duoc tron, nghién véi ti 1¢ thich hop
nhu trén va sy ¢ nhiét d6 100°C trong thoi gian 24 gid.
Sau d6 cho vao 10 nung dién véi tbc do gia nhiét
10°C/phut tir nhiét do phong 1én dén nhiét d¢ 1350°C va
giit & nhiét 6 nay trong 2 gid, sau do ha tir tir xudng
nhiét do phong. T4t ca cac mau déu trong sudt, sau doé
c4c mau duoc mai va danh bong trudc khi tién hanh céc
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phép do quang hoc.

3. Két qua nghién clru va khao sat
3.1. Cac dic tinh vé cau trac

T4t ca cac mau déu duoc tién hanh kiém tra céu
tric bang nhidu xa tia X trén may nhidu xa XRD-D5000
SIEMENS tai Vién Khoa hoc vt liéu - Vién Han lam
khoa hoc va cong nghé Viét Nam. Két qua nhidu xa
dugc trinh bay trén hinh la-c. T gian d6 nhidu xa cho
thiy tat ca cac mau déu co ciu tric vo dinh hinh.
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Hinh 1. Gidn do nhiéu xa tia X cia cic mau TTh (a),
TEu (b) va TTbEu (c)

3.2. Tinh chat phat quang cta cac mau thay

tinh TTb va TEu
3.2.1. Tinh chét phét quang ctia mau TTh
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Hinh 2. Phé hdp thu ciia mau thiiy tinh TTb
Phé hap thu cia mau thay tinh TTh pha tap Th3*
duoc ghi trong dai bude séng tir 330nm - 500nm, trinh
bay trén Hinh 2 va duoc do trén hé UV-Vis-NIR, Carry-
5000-Vién Khoa hoc Vit li¢u. Ching t6i quan sat dugc
céc chuyén doi hap thu "Fe—°Dy4 (488nm); "Fe—°Ge+°Ds

(879nm); "Fe—"5L1o (370nm); "Fe—°Gs (360nm); "Fe—°D2
(359nm); "Fg—>G4 (354nm) va "Fe— 5Lg (350nm) [5-7].
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Hinh 3. Phé phat quang czza mau TTh

Phé phat quang ciia mau thay tinh TTb dugc trinh
bay trén Hinh 3 véi bude séng kich thich 379nm trén hé
do FL3-22-Trudng Pai hoc Duy Tan Pa Nang, chdng toi
quan sat dugc cac chuyén doi phat quang khéa manh trong
ving kha kién: °Ds—"Fs (488nm); 5Ds—'Fs (543nm);
°Ds4—"F4 (586nm) va SDs—'F3(622nm). Trong d6, dich
chuyén tir 5D,—7Fs (543nm) phét quang mau xanh 14 cay
¢6 cudng d6 manh nhat. Dich chuyén nay c6 ung dung
quan trong trong chiéu sang va hién thi hinh anh.
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Hinh 4. Phg kich thich ciia mau thay tinh TTh

Pho kich thich ciia mau thay tinh TTh (&mg voi bac
Xa phat quang 543nm) duoc trinh bay trén Hinh 4, bao
gom céc dich chuyén kich thich: "Fs—°Gs (379nm);
7F6—> 5L10 (370nm), 7F6—>5D2 (359nm) va 7F5—> 564
(354nm). Trong do, dich chuyén "Fe—5Gs (379nm) cb
cuong do 16n nhit, diéu nay cho thdy sir dung budc
song 379nm dé kich thich cho miu thuy tinh TTb phat
birc xa mau xanh 14 cay 1a téi wu nhét [5-7].
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3.2.2. Tinh chat quang ctia mau TEu

Phé hap thu cia mau thay tinh TEu pha tap Eu3*
dugc ghi trong dai budc séng tir 350nm - 800nm, trinh
bay trén Hinh 5 va duoc do trén hé UV-Vis-NIR, Carry-
5000-Vién Khoa hoc Vit liéu. Ching t6i quan sat dugc
cac chuyén doi hip thu gom: "Fo—°Ds, "Fo —°Gy,
"Fo—°Gy, "Fo—%Ls, 'F1—°Ls, 'F1—>°Ds, "Fo—°Dy,
7F0—>5D1, 7F1—>5D1, 7Fo—>5Do va 7F1—>5Do tuong 1’rng
véi cac vung 362, 376, 382, 394, 401, 415, 465, 526,
534, 579 va 588nm. Trong d6 dai hap thu 'F1—°Ls cO
dinh & 394nm 1a chuyén doi do thanh phan ludng cuc
dién. Chuyén doi nay thoa man quy tic Laporte véi sb
luong tir J, AJ = 2, 4, 6 cho truong hop J = 0. Chuyén
muc "Fo—°Ls c6 cudng d6 manh hon tit ca cac chuyén
doi khac. Dai hap thu 7Fo — 5D5 la do chuyén murc ludng
cuc dién dwoc phép vi nd thoa mén quy tic Laporte véi
sb lugng tir J, AJ = 2, 4, 6, dai hép thu nay con dugc goi
la dai siéu nhay. Ngoai ra, cac chuyén doi con lai thi
cuong do caa chung noi chung la nho.
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Hinh 5. Phé hap thu cia mau thay tinh TEuU

Phé phét quang cia mau thuy tinh TEu duoc trinh
bay & Hinh 6 véi budce song kich thich 394nm va duoc
thuc hién trén hé do FL3-22-Truong Dai hoc Duy Tén
Da Néng. Chung t6i quan sat dugc cac chuyén doi phét
guang khad manh trong ving kha kién: Do—7Fo
(578nm), °Do—'F; (591nm), °Do—'F, (612nm),
SDo—"F3 (653nm) va 5Do—'F4 (703nm). Trong d6 dich
chuyén 5Do—"F (612nm) phat quang mau dé ¢ cudng
d6 manh nhat. Dich chuyén nay ciing ¢ @ng dung quan
trong trong chiéu sang va hién thi hinh anh.
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Hinh 6. Phé phét quang ciia mau TEu

Phé kich thich caa mau thay tinh TEu (ang véi birc
xa 612nm) trinh bay & Hinh 7 gém céc dich chuyén: 7Fo
- 5F4 (299nm), "Fo - 5F2 (304nm), "Fo— 5Hs (319nm), Fo
— %H7 (327nm), "Fo — D4 (361nm), “F1 — 5D4 (365nm),
"Fo— 5G4 (377nm), "F1— %L (382nm), "Fo— 5L¢ (394nm),
F1 — SLs (400nm), Fp — 5D3 (414nm), 7Fo - 5D,
(465nm), "F1 - 5D, (472nm), "Fo —°D; (526nm) va 'F1 —
D (533nm) [8-11]. Trong d6, cuong do kich thich &
ving 394nm Ién nhit, didu nay lai cho thiy sir dung
budc séng 394nm kich thich cho mau thay tinh TEu dé
phat birc xa mau do 1a toi vu nhat.
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Hinh 7. Phg kich thich cia mau thay tinh TEu

3.3.Tinh chat phat quang cua cac mau thay
tinh TTbEu. Sw truyén nang lwong tir Th3+
sang Eu3+

Sir dung budéc séng kich thich 379nm cho mau thuy
tinh ddng pha tap TTbEu (hinh 8.a), ta thu dwoc cac
chuyén doi phat quang kha manh & cac buéc song
488nm, 543nm, 578nm, 591nm, 612nm, 653nm va
703nm. Khi so sanh voi phd phét quang cia hai mau
TTb (chi pha tap Th%) va TEu (chi pha tap Eu®) ta c6
thé rt ra nhan xét: cac chuyén doi ing véi budc séng
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488nm va 543nm tuong (ng vai dich chuyén *Ds—Fe
va ’D;—7Fs la cua ion Tb3. Con cac chuyén doi ung
véi budc song 578nm, 591nm, 612nm, 653nm va
703nm ung vé6i dich chuyén °Do—’Fo, °Do—F,
5Do—>7F2, 5Do—>7F3 va 5Do—>7|:4 cuaion EU3+.

D,F,

= TTbEu
— TEu
— TTh

Intensity (a.u)
AR A

T T T T
550 600 650 700 750
‘Wavelength (nm)

Hinh 8. Phé phét quang cia mau TTbEu (a), TEu (b) va
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Hinh 9. Gian do6 cac mikc nang lwong cia qué trinh
truyén nang lheong tir Th®* sang Eud*

Tir Hinh 8 cho thay khi sir dung budc séng 379nm
dé kich thich cho mau dong pha tap TTbEu thi cuong do
cac chuyén doi 5Ds—"Fs va 5Ds—"Fs |a cua ion Th3*
giam so v&i mau TTb chi pha tap Tb%. Con cuong do
cuia cac chuyén doi °Do— "Fo1234 Ciia EU%* tang 1én 1o
rét. Pidu nay chung to da co su truyén ning lugng tir
Th3 sang Eu®* khi sir dung budc song 379nm dé kich
thich cho mau dong pha tap. Hay n6i cach khac, su c6
mit caa Th?* thi sy phat quang cua Eu®* ting 1én. Ta c6
thé sir dung gian d6 cac muc ning luong (Hinh 9) dé Ii
giai didu nay nhu sau: khi sir dung buéc song 379nm dé
kich thich thi Tb®* tir trang thai "Fs dich chuyén Ién 5Gg,
sau d6 dich chuyén khong phat xa vé trang thai 5D, cua
Tb3, nhung do muc °Dy cia Th®* nam gan muc 5Dy va

5Dy ciia Eu®*.nén mot phan nang luong cia Th3* truyén
sang cho °D; va °Dy cua Eu?* va tiép tuc thuc hién cac
chuyén doi 5Do—> 7|:o,1,2,3,4 [8-11].

Nguoc lai, Hinh 10 cho thdy khi dung budc séng
394nm dé kich thich cho mau dong pha tap TTbEu thi
phd phét quang cia mau lic nay chi c6 cac chuyén doi
dac trung SDog— 7Fo,1,2,3,4 cua Eu® ma kh()ng théy XUAt
hién cac chuyén doi cua Tb®. Diéu nay ching to khong
¢6 sy truyén nang luong tir Eu* sang Th?* khi kich thich
& budce sdng 394nm.
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Hinh 10. Phé phat quang ciza mau TThEu khi ¢ kich
thich 394nm

Hinh 11. Toa dé6 mau cia mau TThEu (a), TEu(b) va
TTh(c)

Str dung toa d6 mau (Hinh 11) ta xac dinh toa do
mau caa cdc mau TTb, TEu va TTbEu twong ung khi
kich thich ¢ budc séng 379nm, 394nm va 379nm. Tu
hinh 10 cho biét toa do mau cua cic miu nhu sau: TTb
(0,2971; 0,5815; 0,1213); TEu (0,6414; 0,3553, 0,0032)
va TTbEu (0,4411; 0,4579; 0,1021). Nhu vdy, mau dong
pha tap TTbEu phat quang mau vang cam. D6 1a sy tron
cua hai bic xa mau d6 va xanh 14 cay phét ra toe Eu* va
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Tb3, mau do6 cua Eud* dich chuyén vé viing c6 budc séng
ngan hon, con mau xanh 1a cdy cia Th3* dich chuyén vé
vung c6 budc song dai hon.

4.Két luan

Ché tao thanh cong cac mau thuy tinh kim loai
ning pha tap Tb%*, pha tap Eu® va dong pha tap
Tb3*/Eu®* bang phuong phap néng chay. Tiu dé tién
hanh khao sat cau trlic va cac tinh chat quang cua ching
thdng qua phé hap thy, phd phét quang va phé kich
thich. Qua d6 cho biét c¢6 sy truyén ning luong tir Th3*
sang Eud* ma khong c6 sy truyén ning luong tir Eu®
sang Tbh3 va c6 su dich chuyén toa d6 mau khi dong
pha tap Th3*/Eu®*. Tir d6 c6 thé mé ra hudng nghién
ctiru méi 1 ta c6 thé pha tap thém nhitng thanh phan nao
d6 dé cho toa do mau dich chuyén vé ving anh sang
trang dé ché tao Led trang.
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OPTICAL PROPERTIES OF HEAVY METAL GLASS DOPED WITH TB/EU IONS

Abstract: The Tb**/Eu®* doped glass with the composition of TeO, -B,Os; - ZnO — Na,O — RE,0; (RE=Tb, Eu) is a product
resulting from the melt quenching method; the luminescence properties of the glass samples have been examined via excitation and
emission spectra. The photoluminescence spectrum of the glass doped singly with Tb* ion when being excited at Aex:=379 nm
("Fe—>Gs) showed a prominent green emission at 543 nm (°D,—’Fs). The photoluminescence spectrum of the Eu®* doped glass with
an excitation at 394 nm ("Fo—"°Ls) revealed a bright red emission at 612 nm (°Do—F,). The glass sample containing Th**(1 mol%) co-
doped with Eu®* (1mol%) at an excitation of A:=379 nm exhibited an energy transfer from Th®" to Eu® ions. This energy transfer
process can be explained by means of a diagram showing energy levels.

Key words: ion Tb%; ion Eu®; tellurite glass; energy transfer and optical properties.
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