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TOM TAT

Vat liéu thiy tinh phat quang véi hop phan P,0s, CaO, ZnO (PCZ) pha tap cdc ion dat
hiém RE,O; (RE: Eu, Dy) ky hiéu 1& PCZ:RE, duroc ché tao bang phuong phdp néng chay,
xuat phat tir phoi liéu ban dau gom NH,H,PO,, CaCOs;, ZnO, Eu,03 va Dy,05. Cdu tric
thuy tinh cua vat liéu diroc xac nhdn bang két qud phép do gian do nhiéu xq tia X. Céc dich
chuyén quang cua ion Eu** va Dy** trong mang nén PCZ duoc khdo sat dira trén cac két
qua do phé hap thy UV-Vis, phé kich thich phat quang cua vdt liéu thu dwoc. Trong qué
trinh quang phat quang cua vat ligu PCZ:Eu®" va PCZ:Dy**, céc ion Eu®*, Dy*" giir vai trd
vira 1a tm hdp thy vira 14 tam phéat quang. Tac nhan kich thich hiéu qua nhdt dé thu duoc
birc xa déc tring cia ion Eu* ¢ buréc séng 612nm va cuia ion Dy** ¢ burgc séng 573 nm 1a
anh sang tir ngogi cé bude séng twong g 1a 393nm va 349nm. Két qua do va cdc thdo
ludn ddanh gid vé cac két qua dé duroc trinh bay trong bao céo nay.

Tir khoa: pho kich thich, phé hap thy, thay tinh phat quang.

1. MO PAU

Vit lidu thuy tinh phat quang néi chung ciing nhu vat liéu thay tinh phét phat pha tap
no6i riéng da va dang duoc quan tdm ché tao va di siu nghién ctu nham dap @ng nhu cau ngay
cang cao cua nhiéu linh vic khoa hoc va ki thuat ung dung. Vat liéu thay tinh phéat quang phét
phét véi thanh phan chinh 1a diphotpho pentaoxit P,Os, 12 loai thily tinh c6 d6 trong sudt cao, su
6n dinh nhiét tot, nhiét d6 nong chay thap, dic biét c6 kha ning pha tap cac ion RE kha tét [6].
Véi cdng nghé ché tao kha don gian, khong doi hoi trang thiét bi, dung cu qua phirc tap, phuong
phap nong chay thuong dugc sir dung dé ché tao vat liéu thuy tinh phéat quang nén thay tinh
phdt phét pha tap cac ion dat hiém [5, 6, 9].

Céc nguyén tb dat hiém c6 ciu hinh dién tir dic trung 1a 16p dién tir chua duoc lap day
4" dugc che chan boi cac 16p dién tir bén ngoai la 5s va 5p [8]. Chinh vi vy ma cac dién tir 16p
4f it bi anh huong cua truong tinh thé khién phd quang hoc cia cac ion RE thuong 14 tap hop
cac vach hep va c6 tinh chit phé dic trung cho tirng nguyén té. Trong do6, hai nguyén té dat
hiém Eu va Dy thuong dugc str dung dé pha tap vao cac mang nén khac nhau véi myc dich tao
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ra anh sang trang [8]. Vi vay viéc tim hiéu va nghién ciu phd hap thu ciia hai nguyén té nay
dong vai trd quan trong trong viéc giai thich co ché hap thu va buc xa cia ting ion dat hiém
trong thuay tinh phét phat PCZ. Nhu chiing ta da biét, d6i vai ion dat hiém & trang théi tu do, cac
dich chuyén hap thu bi cim rat manh theo quy tic chon loc chin 1¢. Tuy nhién, khi c6 tac dong
cua truong tinh thé thi quy tic chon loc dugc néi long, 1am xuat hién céc dich chuyén hap thu.
Nghién ctu pho hap thy va tiép theo 1a phé kich thich s& cho phép chung ta doan nhan cac dich
chuyén quang hoc tir trang thai co ban 1én trang théi kich thich ciia cAc ion dat hiém pha tap
trong mot mang nén khi chiing nhan niang lwong tir bén ngoai - niang luwong photon anh sang [1,
2, 3, 4, 8]. B4o cao nay trinh bay vé két qua ché tao vat liéu thay tinh phdt phét pha tap cac ion
dat hiém bang phuong phap néng chay va thao luan vé két qua cac khao sat phd hap thu, phd
kich thich cuaa chdng.

2. THUC NGHIEM

Chung t6i str dung phuong phép nong chay dé ché tao vat liéu thiy tinh phdt phat pha
tap cac ion dat hiém. Thanh phan phdi liéu ban dau duoc lya chon va liét ké trong bang 1.

Bdng 1. Thanh phan phéi liéu

Mau Nong do (%wt) Khbi luong céc phdi liéu (g)
Dy Eu NH4H,PO, CaCO3 Zn0O Dy203 EU203
PCZ 0 0 3,4035 0,8032 0,45 0 0
PCZE15 0 1,5 3,3306 0,8032 0,45 0 0,045
PCZD15 1,5 0 3,3306 0,8032 0,45 0,045 0

Sau khi can, phéi liéu duoc nghién, tron déu trong cbi ma ndo 30 phat, dua vao cdc s
va sy, nung lan luot & 100°C - 30 phut, 300°C - 40 phut. Tiép theo phéi liéu duoc nghién min,
ép vién, dat vao khudn than va nung thiéu két & 950°C - 30 phat. Bé mau trong 10 ngudi vé nhiét
d6 phong, sau do lay ra, cat, mai, danh bong va cudi cing duoc G & nhiét do 300°C - 1h dé on
dinh cac tinh chét co 1y. Quy trinh thay ddi nhiét d6 10 nung dé nung, u vat liéu dugc mé ta trén
so d6 hinh 1.
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Hinh 1. Quy trinh thay d6i nhiét do 10 nung mau.
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Cau trGic cuia mau vat liéu sau ché tao dugc kiém tra bang phép do gian dd nhidu xa tia
X trén hé do Brucker D8-Advance-Germany. Cac phép do phd hap thu dugc thuc hién trén hé
do Genesys 10S UV-Vis ciia hdng Thermo. Céc phép do pho kich thich duoc thuc hién trén hé
do chuyén dung FL3-22 cta hdng Horiba Jobin Yvon, Hoa Ky.

3. KET QUA VA THAO LUAN
3.1. Ché tao vat liéu

Cac mau vat liéu thu dugc sau ché tao c6 dang vién ran, hinh dia tron, mong, cang va
trong sudt. Khi quan sat dudi anh sang tir ngoai, chling phéat quang véi mau sic twong ng cua
cac buc xa dic trung cho tim ion dat hiém RE**, duoc dua ra trong hinh 2.

(@) (b) (©)

Hinh 2. Anh chup c4c miu PCZE1.5, PCZD1.5 quan sat dudi anh sang ban ngay (a)
va anh sang tir ngoai (b), (c).
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Hinh 3. Gian dd nhidu xa tia X cua vat lieu PCZ:Eu®

Két qua phép do gian dd nhidu xa tia X, dugc dua ra trén hinh 3, xac nhan rang vat liéu
thu duoc 6 cau trdc thuy tinh, vo dinh hinh. Nhu vay, bang phuong phap néng chay, ching toi
da ché tao thanh cong vat liéu thuy tinh phdt phéat. Bng thoi, do mau cé dang vién ran, kha
ddng déu vé kich thudc nén rat thuan tién cho viéc thuc hién cac phép do khao sat dic trung
guang pho cua vat ligu ciing nhu thyc hién cac tng dung sau nay.
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3.2. Phé hap thu, phé kich thich cia tam ion Eu®" trong thiy tinh PCZ:Eu®

phan va dugc mé ta trén gian d6 hinh 4b [1, 2, 3, 4, 5].
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Hinh 5. Phé kich thich cua vat liéu PCZ:Eu* &ng véi biic xa phét quang & 612nm (a);
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céc dich chuyén hép thy va buc xa tai hop cia tam ion Eu®* (b).
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Phé hap thu cua vat liéu PCZ:Eu®* khao sat trong viing budc séng tir 250nm dén 500nm
duoc dua ra trén hinh 4a. Ta thdy c6 mot dai hap thu rit manh trong viing buc xa c6 budc séng
nhé hon 280nm va mot dai hap thu khé rong kéo dai tir khoang buéc song dudi 300nm dén 350
nm. Gidng nhur trong cac vat liéu nén oxit khac pha tap nguyén té dat hiém Eu, cac dai hap thu
d6 dugc quy cho chuyén doi truyén dién tich giira tAm Eu®* véi ion O mang nén va hap thu cua
chinh mang nén [5, 6]. Bong thoi, trén phd xuat hién cac dai hip thu hep c6 dinh & budc song
khoang 297nm, 317nm, 365nm, 393nm va 464nm, c6 cudng do rat yéu. Cac cuc dai hap thu nay
dugc quy cho cac chuyén doi tir trang thai co ban ‘Fq 1én cac trang thai kich thich °F,, °Hs, °D,,
°Lg va °D, tng Véi cdu hinh dién tir 4f° cua ion Eu®*, ¢6 quy tic chon loc dwoc nai long mot

Hinh 4. Phé hap thu cua vat liéu PCZ:Eu®* (a) va cac dich chuyén hap thu cua tam ion Eu®* (b)
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Hinh 5a trinh bay két qua do pho kich thich cua vat liéu PCZ:Eu®* dugc khao sat tng
VGi buc xa phat quang dic trung cia ion Eu** & budc séng 612nm. Ta thay, hoan toan twong
ddng véi pho hap thy, pho kich thich ldc nay ciing bao gom mat dai rat manh ¢ viing birc xa c6
budc s6ng nhoé hon 280nm va ciing xuat hién tat ca cac dai hep c6 dinh ¢ gia tri budc séng
296nm, 319nm, 363nm, 382nm, 393nm va 464nm. Piéu d6 c6 nghia 14 tat ca cac dich chuyén
hap thy, nhan ning luong kich thich tir bén ngoai di néu trén déu dan dén dich chuyén phat
quang tir trang théi Dy V& trang thai °F, cho btrc xa dic trung & budc song 612nm cua tdm phat
quang ion Eu®*. Néi cach khac, tiép theo qua trinh hap thu chuyén ion Eu®* tir trang thai co ban
"Fy 18n céc trang thai kich thich °F4, °Ha, °Da, °Le va °D, la qué trinh héi phuc khéng buc xa tir
cac trang thai kich thich °F,, °Ha, °Da, °Lg va °D, Vé trang thai °Dy trudc khi xay ra dich chuyén
phéat quang tir trang thai °D, vé trang thai °F, cua ion Eu** [2, 4]. Toan bd co ché qua trinh kich
thich va phat quang do6 duoc mo ta trén gian d6 hinh 5b. Bong thoi tir phd kich thich ta ciing
thiy, vé nguyén tic c6 thé dung tat ca cac bic xa c6 budc séng & 297nm, 317nm, 365nm,
382nm, 393nm va 464nm dé kich thich vat liéu PCZ:Eu®* phét birc xa dic trung cua ion Eu®*,
tuy nhién buc xa 393nm dem lai su phét quang hiéu qua nhat.

Nhu vay, c6 thé dua ra nhan dinh rang trong qua trinh quang phat quang cuaa vat liéu
thity tinh PCZ:Eu®*, ion Eu®* vira 1a tdm hip thu vira 1a tdm phét quang va phét birc xa dic trung
¢ budc séng 612nm manh nhat khi kich thich bang b xa tir ngoai c¢6 budc séng 393nm.

3.3. Phé hap thu, phé kich thich ciia tam ion Dy* trong thity tinh PCZ:Dy*"
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Hinh 6. Phd hap thu cua vat liéu PCZ:Dy** (a) va dich chuyén hép thu cua tam ion Dy** (b).
Tuong tu nhu vat lisu PCZ:Eu® cac phép do phd hép thy, phé kich thich cuaa vt liu
PCZ:Dy*" ciing da duoc khao sat. Hinh 6a trinh bay két qua phép do phd héap thu cua vat ligu
PCZ:Dy*, ta thiy xuét hién cac dai phd hep, cudng do rat yéu co cuc dai & cac budc song
256nm, 295nm, 324nm, 349nm, 363nm, 385nm va 452nm. C4c cuc dai hap thu nay hoan toan
phl hop véi cac dich chuyén tir trang thai co ban ®Hss, 18n cac trang théi kich thich Py, *Kyap,
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*Kss P72, “laao, s, “lis, ctia ion Dy** €6 cau hinh 4f°[2], nhu biéu dién trén hinh 6b. Ngoai
ra, trong ving budc séng tir 400 dén 500nm, ta con thay c6 dau hiéu hap thu ciia mang chu [1,
2,3,4,5].

: i
Ehsag b m g
1 : 132
s
L
I £
— —_ T g 112
= = 28
= = I
= = 2
= = Fyn
iz cr = =l =| = = =| =
B = Dl =+ || w| o] ™
= Sl S | -2 =] E o~
un o [} [or] (7] (5] ™ - w
[
gl
T T T T H158

Badr vimr fem

(a) (b)

Hinh 7. Phé kich thich cua vat liéu PCZ: Dy** iting v&i birc xa phét quang ¢ 573nm (a);
céc dich chuyén hip thu va bic xa tai hop cua tm ion Dy** (b).

Hinh 7a trinh bay két qua do phd kich thich cua vat liéu PCZ:Dy** &ng véi birc xa phat
quang dic trung cua ion Dy** & bude séng 573nm. Ta thdy, trén phd xuét hién rd rét nhitng vach
hep thudc vung UV — Vis, cé dinh ¢ cac budc séng 256nm, 295nm, 324nm, 349nm, 363nm,
385nm, 452nm duoc quy cho chuyén doi hap thu tir trang thai co ban ®His, 18n cac trang thai
*Par, Kz, “Kisiz, Pz i, “ligr VA *lisip ctia ion Dy** [1, 2, 4], xem hinh 7b. Trong d6, chuyén
doi °Hysy, - °P7, ting Vi cuc dai & bude song 349nm c6 cuong do manh nhat.

Nhu vy, ¢6 thé dua ra nhan dinh ring tuong tu vat lieu PCZ:Eu®, trong qué trinh
quang phat quang cua vat liéu thuy tinh PCZ:Dy**, ion Dy** vira la tm hép thu vira la tm phéat
quang va dé thu duoc bic xa dic trung cua ion Dy** ¢6 budc séng 573nm thi buc xa kich thich
thich hop nhét c6 budc séng 1a 349nm.

4. KET LUAN

Bang phuong phép nong chay, chiing ti da ché tao thanh cdng vat liéu thuy tinh phét
quang PCZ: RE (RE: Eu, Dy). Nho quy tic chon loc duoc néi long khi & trong mang nén PCZ
céc dich chuyén hap thy ciing nhu kich thich quang ctia cac ion Eu**, Dy** da xay ra trong ngi
b cau hinh dién tir twong ung 4f° va 4f° cia ching. C4c ion nay giit vai trd vira la tam hap thy
vira la tam phét quang. Trong qua trinh quang phat quang, birc xa dic trung caa ion Eu®* (co
budc song 612nm) va ion Dy** (c6 budc séng 573 nm) trong vat liéu nén PCZ duoc kich thich
hiéu qua nhat khi str dung anh sang c6 budc séng twong wng la 393nm va 349nm.
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SYNTHESIS AND INVESTIGATION OF OPTICAL TRANSITIONS
OF Eu** AND Dy* DOPED P,0s—CaO-ZnO GLASSES

Le Van Tuat, Do Thi Thuy Hang*, Do Thanh Tien
Department of Physics, Hue University College of Sciences
*Email: thuyhangsply@gmail.com
ABSTRACT

Phosphate luminescent materials PCZ with components of P,0Os, CaO, and ZnO doped rare
earth ions (PCZ:RE and RE: Eu, Dy) have been prepared by melt method, based on mixture
NH;H,PO,, CaCO;, Zn0O, Eu,05; and Dy,O. Amorphous state of received materials was
confirmed by the X-ray diffraction diagram. The optical transitions of the Eu** and Dy**
ion in this host have been examined by excitation spectra and UV - Vis absorption spectra.
In the photoluminescence of PCZ:Eu®*" and PCZ:Dy**, the Eu®*, Dy*" ions play the role of
both absorption and luminescent center. The most effective stimulus which hepls obtain
characteristic radiation of Eu** ion at a wavelength 612nm and of Dy** ion at a wavelength
of 573 nm is ultraviolet light with wavelengths respectively 393nm and 349nm. The
measurement outcomes, evaluations and discussions about those results are presented in
this report.

Keywords: excitation spectra, absorption spectra, luminescent glasses.
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