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PHAN TICH PHO QUANG HQC CUA THUY TINH
CALCIUM FLUOROBORATE SULPHATE PHA TAP DYSPROSIUM
Tran Ngoc!
Nguyén Duy Anh Tudn?
TOM TAT
Cdc dgc tinh quang pho cua ion Dy** pha tgp trong thuiy tinh Calcium Fluoroborate
Sulphate (CFBS) ché tao bang phirong phdp nung néng chdy da duwoc nghién cizu. Bang cach
sir dung ly thuyét Judd — Ofelt (JO) dé phan tich phé hdp thy, phé hupnh quang vé cdu tric
mang va céc tinh chat quang cua thiy tinh CFBS:Dy®*. Cac thdng sé cuong dé Qi (A = 2, 4,
6) duoc sur dung dé dy dodn cac dac tinh bic xa bao gém luc vach luong cuc dién (Seq), lwong
cuc tir (Sma), X&cC sudt chuyén doi birc xa (Ar), thoi gian séng ¢ trang thai kich thich (zr), ty s6
phan nhanh (fr), tiét dién phat xa (o) cho muc kich thich cia Dy** va cac chuyén doi birc
Xa: *Forz — ®Hjy = 1512, 132, 912 Tinh chdt nhiét phéat quang cua thay tinh Calcium fluoroborate
sulphate ciing da dwoc nghién citu, két qua cho thdy trién vong g dung 1am vat liéu trong
do liéu birc Xa ndng lwong cao.

Tir khoa: Thuy tinh CFBS, Iy thuyét Judd-Ofeld, hupnh quang
1. Pit van a@é nm tuong ng voi chuyén doi *Fop —
Trong cac thay tinh oxit thi thay tinh ~ ®Has2 1a cac dai chiém wu thé trong
borate dugc cac phong thi nghiém quan quang phd phat xa. Ngoai ra, con co
tam nghién cau kha nhiéu. Thay tinh  chuyén doi quang hoc viing hong ngoai
borate c6 nhiét dd nong chay thap, do6n & 1,3 pum rat thich hop véi ctra s6 hong
dinh nhiét cao va c6 d6 hoa tan cc oxit ngoai thir nhat dung trong théng tin
dat hiém (RE) tét, 1a thay tinh dap tng ~ quang [7]. Ty Ié cudng do caa phat xa
duoc cac yéu cau cua thuy tinh quang mau vang trén phat xa xanh lam (Y/B)
hoc cao cap [1], [2], [3]. Tuy nhién, vi  cua ion Dy** phu thudc vao su ddi xing
nang luong phonon cao (c& 1300 dén  caa phdi tir cu tric nén mang thuay tinh
1500 cm™) cua borat s& lam ting qua  xung quanh ion Dy®*. Vi vay, c6 thé sir
trinh phat xa da phonon cua ion RE, 1am  dung ty sé cudong do hai chuyén doi nay
giam hiéu suat phat quang coa vat ligu.  dé nghién cau tinh chat, cau trdc cua
Dé ha thip niang lugng phonon cia vat  trudng tinh thé cua vat liéu [8]. Viéc c6
liéu, thuong ngudi ta cho thém fluoride  thé diéu chinh ty & Y/B bang céach diéu
(c6 nang luong phonon thap) vao hdn  chinh thanh phan, ndng d6 cua ca nén va
hop. Su c6 mat cua fluoride con lam tang tap cho phép nguoi ta nghi dén viéc st
d6 trong sudt trong ving tir tir ngoai dén dung vat liéu phat quang chira Dy®* trong
hong ngoai va tao kha ning hoa tan dat linh vuc chiéu sang. Piéu dac biét khi
hiém cho vat liéu tét hon [3], [4], [5],[6].  dung loai vat liéu nay lam ngudn sang 1a
Trong cac nguyén t6 RE, ion  khong can ding buc xa cua thiy ngan dé
dysprosium (Dy®*) phat xa trong ving kich thich, vira bao vé moi truong, vira
kha Kkién, trong d6 dai mau vang (Y) &  c6 hiéu suat phéat sang cao so véi dén
575 nm twong ung véi chuyén doi *Fo phat sang dung thay ngan [9]. Ngoai ra,
— SHi32 va dai mau xanh lam (B) 9481 Dy** 1a mét chat kich hoat nhiét phat
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quang rat dac biét, vi n6 déng vai trd cac
tam, by dién tir rat thich hop trong cac
nén don tinh thé, da tinh thé hodc thuy
tinh dé st dung cho ché tao liéu ké dung
trong do liéu bt xa ion hoa [10].

Véi muc tiéu tim kiém vat liéu ang
dung 1am ngudn sang hoic ché tao lidu
ké do lieu buc xa ion hoa, thay tinh
Calcium Fluoroborat Sulphate (CFBS)
ché tao bang phuong phap nung noéng
chay da dugc nghién cttu. Cac phén
tich dua trén pho hap thu, pho huynh
quang, nhiét phat quang thu duogc tu
thuc nghiém két hop véi sir dung ly
thuyét Judd-Ofelt da chi ra cac dic tinh
phat quang cua vat liéu theo dinh
hudng wng dung 1am ngudn sang hoic
ché tao liéu ké do 1iéu birc xa ion hoéa
nang lugng cao.

2. Thuc nghiém

2.1. Chudn bi mdu

Cac hoa chat ban dau dung dé ché
tao thay tinh bao gom: B0s, CaF,
Al,O3, Dy,03 va CaSOs déu cua hang
Merck.Ltd vai do tinh khiét 99,99%. Cac
mau duoc ché tao theo hop phan:
20CaF2+64B203+10Al,03+5CaS0O4+1D
y203. Hon hop dugc nghién tron déu va
dugc nung trong khudn than & nhiét do
1373 K trong 1,5 gio, sau d6 duoc lam
ngudi nhanh vé nhiét d¢6 phong. Mau

thay tinh thu dugc sau do dugc cit, mai,
danh bong tao thanh cac mau hinh try
khéi c6 do day d = 1,0 mm, béan kinh r =
6,0 mm dé sir dung trong cac phép do
quang phé.

2.2. Phwong phdp thuc nghi¢m

Phé hap thu dugc ghi lai & nhiét do
phong sir dung quang phé ké Varian cary
5E UV-VIS-NIR (budc song quét tir 200
nm — 2500 nm, d6 phan giai 1 nm). Phd
huynh quang thu dugc qua hé Flourolog-
3 (FL3-22) cua hdng Horiba Jobin Yvon
c6 d6 phan giai 0,3 nm, kich thich bang
anh sang den xenon dai rong XBO-450
W. Bbuong cong nhiét phat quang tich
phan dugc ghi boi hé do thuong mai
Hashaws TLD-3500 (USA), véi téc do
gia nhiét cho mau B = 5 Ks™. Mau dugc
chiéu xa ¢ nhiét do phong bang buic xa
tia X, tir may phat tia X: YPC1, bia bang
kim loai Cu (Vmax=50 kV, Imax =20 mA)
hoat dong & ché do: 30 kV-20 mA (suét
lieu: 1,17 Gy/s). Chiét suat n dugc do
bang khic xa ké Abbe & budc song cua
Nari (589 nm) vaGi CioH7/Br  (1-
bromonaphthalin) ding lam chét long
tiép xudc. Khdi luong riéng duoc xac dinh
bang phuong phap Archimedes sir dung
xylene 1am dung dich ngdm mau. Két
qua do chiét suat va khéi luong riéng cua
mau trinh bay trong bang 1.

Bang 1: Chiét sudt va khoi lwong riéng ciia méu

Thiiy tinh Ky hiéu Cl}iét I_(Ahéi llrg’n%
mau suat n | riéng (g/cm°)
20CaF2+64B203+10Al,03+5CaS04+1Dy,03 CFBS 1,529 2 444

3. Két qua va thio luin

3.1. Phé hip thu

Pho hap thu quang hoc ctiia mau thay
tinh CFBS: Dy** (do ¢ nhiét d6 phong)
trong vang UV-Vis-NIR dugc trinh bay
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¢ hinh 1. Quang phé bao gom 12 dai hip
thu ¢6 cac cuc dai ¢ 324, 350, 365, 378,
425, 457, 754, 798, 890, 1082, 1263 va
1657 nm, tuong tng voi su chuyén doi
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tlr trang thai co ban (*Hisp2) Ién cac trang
thai kich thich %Psp, %P7z, CPsp,
*11312,*G112 Va *lasyz, ®Far2,°Fs2,°Fr12,8For2,
®F11/2 va ®Hiap tuong (ing ctia ion Dy*".
Céc chuyén doi trong ving UV-Vis quan
sat dugc co6 cuong do nhd va chen phu
nhau hon trong ving NIR c6 thé do su
chdng chap gitta cac muc 'L, khac
nhau trong vung UV-Vis. Hon nira, cac
chuyén doi tir trang thai co ban ®His, dén

cic trang thai kich thich °F; (trong viing
UV-Vis) chi cho phép spin (AS = 0),
trong khi d6 cac chuyén doi trong cac
trang thai ®H; (trong ving NIR) déu thoa
man cho phép spin (AS = 0) va ca
momen quy dao (AL = 0). Cac chuyén
doi 1én cac trang thai nam trén *lizp
khong duoc quan sat thdy trong quang
phé c6 thé do sy hap thy manh cia nén
thuy tinh [8], [9], [10], [11].

Do hip thu (dvtd)

400

300

A
/600

900 1200 1500 1800

o Budc séng (nm) .
Hinh 1: Pho hap thu ciia ion Dy**trong nén thiy tinh CFBS:Dy>*
(trong vung UV-ViS - NIR)

Ta thy rang, tat ca cac cuc dai dinh
xuat hién trén phé hap thu déu thé hién
su twong dong vé vi tri budc séng va
ning lugng twong ung cua ion Dy®*.
Diéu d6 cho biét d6 tinh khiét quang hoc
ctia c4c mau thily tinh da ché tao. Nang
luong twong tng voi cac chuyén doi tir

trang thai co ban ®Hisp Ién tit ca cac
trang thai kich thich cua ion Dy** trong
c4c nén thiy tinh duoc so sanh véi nang
luong vaquo ciia hé dung dich axit pha
lodng Dy*" (ion aquo) [12], [13], duoc
trinh bay trong bang 2.

Bang 2: Néng liong (v) (cm™) cdc dinh phé hdp thy cia Dy®* trong thay tinh
CFBS:Dy?** so sanh Véi ning leong vaquo Cria hé dung dich axit pha lodng cua ion Dy**

*Hisp> PHue PFue PFae PRz PFse PRsz flise [fGue flie PPz PPsz [Pap
CFBS 6032 (8022 9347 (11354 [12592 (13442 (22420 23739 26182 [27833 29031 31333
aquo 5850 (7730 (9100 11000 (12400 (13324 22,100 {23,400 [25.800 {27,400 28,550 {30,892

B = _1,0072 va scres= -2,057
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Ban chat cua lién két gitra ion Dy** véi
c4c phéi tir caa truong cuc bd xung quanh
c6 thé dugc xac dinh théng qua thdng sb
lién két (8) theo cong thire [11], [12]:

= - X
5 [(1_ B)/B] 100 o

Trong d6, p=(2P)/n ; véihé soty
I¢ nephelauxetic B = ve/va, (ve va va la
nang luong cua cac chuyén doi trong nén
thuy tinh duoc so sanh va4i nang lugng
vaquo Cua hé dung dich axit pha lodng
Dy** (ion aquo) twong tng va n la sé
muc dugc st dung dé tinh toan cac gia
tri ). Thong s lién két 5 giira ion Dy**
véi cac phdi tir cua trudng cuc bo cua
nén thuy tinh CFBS xung quanh ion tap
12 5 ceas= -2,057. Két qua nay c6 gia tri
am (-) cho thay: lién két cuc bo cua ion
Dy** v6i mang nén thity tinh nay déu la
lien két ion. Khac véi trudng hop céc ion
dat hiém khi nam trong nén tinh thé thi
phan 16n déu cho gia tris> 0 (thé hién
lien két dong hoa tri), hay nhu truong
hop cling mét loai nén thuy tinh nhung
khi pha tap Dy®*, Sm®*, Th®*... déu cho
gia tri 5<0, con khi pha tap Eu®* thi lai
chogiatrio >0 [12], [13], [14].

Tir phd hap thu ¢ hinh 1, ta c6 thé
tinh dugc luc dao dong tor cua cac
chuyén doi hap thu thyc nghiém fexp bang
cong thae cia Smakula [11]:

f,=4,32.10° [e(v)dv :4,32.10-"]@@ (2)
cd

Trong dé: & (v)=A/c.d (d la chiéu
day madu, ¢ la nong o va A la dg hdp thu).
Luc dao dong tinh toan fca bing cach
str dung cdng thic ban thuc nghiém cua
Judd-Ofelt [11, 12]:
g'me v (n*+2)° Y
am ﬁ( . ) k:;ﬁgl vy ©)
Trong dé: n la chiét sudt cua thuiy
tinh, J 1a téng momen dong lwong o
trang thai co ban, Q,(voi A = 2, 4, 6) la
cac tham s¢ cuong dé JO.

D tuong U] = (v
yeu to ma tran rut gon chi phu thuoc vao
ion RE va trang thai dau - cudi cua
chuyén doi va co thé tinh dugc tir ly
thuyét phd dat hiém (¢ day cac thong sb
ma tran rat gon U® duoc Iy tir cac sé
lieu cong bd cua Carnal [13]). Két qua
tinh toan luc dao dong tir cho tat ca céc
chuyén doi trong thuy tinh CFBS: Dy®*
¢ bang 3.

Ul

(¥

Bang 3: Luc dao dong tir (x 10®) va @6 léch giira fea Va fexp (rms) (x 10°®) cua ion
Dy** trong nen thay tinh CFBS

®H1s2> | SHuwe | SFue | ®Foz | ®F72 | SFsz | SFarz | *lisz | “Guwz | *lizz | ®Psz | SP72 | BPar

fexp 2,00 | 10,08 | 3,97 3,96 1,12 0,13 | 0,50 | 0,26 2,10 | 1,20 | 3,70 | 2,13

feal 2,17 | 10,80 | 3,95 3,25 1,67 0,31 | 0,75 | 0,13 358 | 0,75 | 397 |1,32
rms=+0,41

Ta c6 nhan xét ring cac gia tri luc
dao dong tir thuc nghiém va luc dao dong
tir tinh toan ly thuyét cac chuyén doi cua
ion Dy** 1a kha gan nhau véi do léch rms
la nho so vai cac cong bé trong bang 4
(vai nén thity tinh thi d6 léch gitra feal va
fexp vao cd = 0,5 tro 1€n).
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Cac thdng s6 Qi (A =2, 4, 6) da duoc
xac dinh va dugc so sanh vai gia tri
thdng sé cuong do JO tir cac nén thiy
tinh khac da duoc cdng b gan day trong
bang 4. Theo ly thuyét JO, cudng d6 cua
chuyén doi phat xa phu thudc rat Ién vao
dai lwong Q,, voi Dy** trong thay tinh
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chua sulphate canxi (CFBS) thi chuyén
doi ®Hisiz— 8F11/2 €0 gid tri luc dao dong
tr fexp I6n hon kha nhidu so véi cac
chuyén doi con lai (chuyén doi ®Hisp—
SF11/» duoc goi 1a chuyén doi siéu nhay)
va thuéc nhém 16n nhat trong cac nén

thily tinh dugc so sanh, diéu d6 cho thiy
hiéu suat chuyén doi phat quang cua ion
Dy** trong céc nén CFBS khé cao. Diéu
nay hoan toan phu hop gitra phén tich ly
thuyét voi két qua thuc nghiém [11],
[12], [13].

Bang 4: Thong so cuong dg theo JO cua Dy®* ions pha tap trong cac nén
thuy tinh khac nhau

Nén thily tinh  |Q,(x102%cm?) | Qa(x10 2cm?) | Q6(x10 2cm?) | Qu/Qs Ref.
CFBS: Dy®* 12,14 2,75 4,14 1,50 Béao cao
NaLTB: Dy®* 9,25 2,87 2,29 1,25 [22]
LiLTB: Dy** 8,75 2,62 2,07 1,26 [22]
PKMAF: Dy** 7,04 1,73 1,57 1,10 [21]
NaLTB: Dy3+ 9,86 3,39 2,41 1,41 [20]
PKBFA: Dy?* 10,41 2,29 2,07 1,10 [21]
LYB: Dy** 12,83 3,47 3,43 1,01 [7]

Ta c6 thé Iy giai tai sao Q2 & thuy tinh
c6 chua sulphat lai I6n hon céc thuy tinh
khac dya vao do phan cuc nhu sau: Cacion
02 ¢6 do dién am thap hon cac ion F* do
d6 02 c6 do phan cuc cao hon, c6 nghia
rang O c6 d6 dong hoa tri véi cac ion
RE cao hon so v6i F. Néu dua thém cac
ion S vao nén nay (qua nhém SO4), do
dién &m (theo thang Pauling) theo thur tu
S— O— F ting dan tuong tng bang
2,5—3,5—4, dan dén d6 phan cuc ciing
nhu d6 ddng hoa tri giita ion RE va cac
ion nay sé& giam dan va hién nhién Q> ting
dan theo thi tu d6 [13], [14].

3.2. Phé huynh quang

Ph6é huynh quang cua Dy** (kich
thich bang anh sang tir ngoai c6 budc
s6ng A = 350 nm) trong nén thay tinh
CFBS dugc trinh bay ¢ hinh 2. Khi bi
kich thich, cac dién tir 4f cua ion Dy®* tir
trang thai co ban chuyén l1én céc trang
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thai kich thich cao hon va phuc hoi khéng
phat xa vé trang thai “Fop, sau do thuc
hién céc chuyén doi vé cac mac ®Hiipe,
SH1a2 va ®His2 va phat cac buic xa tuong
ung véi cac budc song 665 nm, 575 nm
va 481 nm. Trong do, dai mau vang ()
& 575 nm tuong ang V4i chuyén doi siéu
nhay *Feo— ®Hisp, va dai mau xanh lam
(B) & 481 nm tuong ung véi chuyén doi
*Fop — ®His2 12 cac dai chiém uu thé
trong quang phd phét xa. Ty 1& cuong do
cua phat xa mau vang va phat xa xanh
lam (Y/B) caa cac chuyén doi phu thudc
vao su khong ddi xung cua phdi tir mang
nén xung quanh ion Dy®*. Véi thay tinh
CFBS:Dy*, ty s6 Y/B = 1,62 1a khé cao
S0 v&i mot s6 thuy tinh khéc ¢ chua
Dy**. Piéu d6 cho thiy mirc d6 cong hoa
tri gitta cac ion Dy*" va O% trong nén
thay tinh nay kha cao [14], [15].
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ey CFBS:1 Dy
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Hinh 2: Phé hupnh quang cia Dy** trong
thuy tinh CFBS

Tir cac thdng s6 JO va chi sé khic xa
(chiét suit n), cac dac tinh buc xa nhu
cuong d6 chuyén doi ludng cuc dién
(Sed) VA ludng cuc tir (Sma), X4c Suat
chuyén doi bic xa (Ar), thoi gian séng
birc xa (tr), ty s6 phan nhanh (Br) duoc
tinh todn cho muc kich thich *Fo/2 két qua
duoc trinh bay trong bang 5. Ta thiy ring
ty s6 phan nhanh fr (%) ciing nhu tiét
dién phat xa o cho gia tri 16n nhat ung
vé6i chuyén doi *Forz — SHuap, tiép theo 1a
*Fgr, — SHusi2 va cudi cing nho nhat &
chuyén doi “Fon — ®Hip, nhu vay
chuyén doi dang luu tim nhét o day 1a
*Forz — ®Haap.

Bang 5: Cuong dg chuyén doi liong Cue dién (Sed) Va tir (Sma), Xac sudt chuyén
doi bitc xa (Ar), thoi gian song birc xa (zr), ty sé6 phan nhanh (Br) va tiét dién phat xa
o tinh toan cho cac chuyén doi phéat xa tir mazc kich thich *Fo2 ciia ion Dy** trong
thuy tinh CFBS

Chuyén Sed Smd b son As -
doi tir “F (cm?) (cm?) R o P

0/t x10%(cm? st ms

> (%) (cm?) | (s%) (ms)
5H 11, 4,94.10% | 4,13. 104 0,079 571

5H 13 3,29.10%° | 0.00 3,846 | 0,731 42,80 1505 | 0,664
®H 15/ 5,64.10% | 0.00 0,190 5,83

Ty s6 phan nhanh r(%) ciing nhu
tiét dién phéat xa o ctia chuyén doi *For
— SHa3,2 & thuy tinh CFBS 1a 16n so véi
cac chuyén doi con lai, xac suat chuyén
doi tong cong Ar tir mic kich thich *Fop
dén tat ca cac mirc thap hon cua thay tinh
CFBS kha 16n va thoi gian séng huynh
quang xac dinh dugc c6 gia tri zr = 0,664
ms la kh& dai so vai cac thay tinh khac
trong bang 4, vi vay loai vat liéu nay co
trién vong tét cho tng dung trong laser
[6], [13], [14]. Ta c6 nhan xét rang: thoi
gian séng tinh toan bang ly thuyét dai hon
thoi gian séng thuc nghiém. Biéu do6 ¢

thé giai thich la do khi tinh thoi gian séng
theo ly thuyét Judd-Ofelt, chiing ta hoan
toan khong xét dén vai tro cua cac chuyén
doi khong buc xa, nhung nguoc lai & cac
két qua thuc nghiém ludn ludn hién dién
vai tro cac chuyén doi khong buc xa, va
chinh céc chuyén doi nay da rat ngan thoi
gian séng cua muc kich thich “Fop [11],
[12], [13], [14].

Ty s6 huynh quang R ngoai viéc
dung dé nhan biét huynh quang siéu nhay
thi ty s6 nay con dung dé danh gia do bat
dbi xtng caa truong ligan 1an can ion
Dy®* va do ddng hoa tri gitra lién két Dy-
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O. Hon nira, Vi ty s6 huynh quang R phu
thuoc vao thdng sé cudong do Qp, ma
thong sé nay dung dé giai thich vé céac
hiéu wng trat ty gan (short range effect),
nén c6 thé noi: ty s6 R va théng sb cuong
d6 Q, s& cho ta nhiing thdng tin vé hiéu
Gng trat tu gan, cau tric cuc b cua
treong tinh thé 1an can ion Dy®* ciing nhu
d6 ddng hoa tri giita lién két Dy-O. Khi
R cang Ion thi do bat doi xang xung
quanh Dy®" va d6 dong hoa tri caa lién
két Dy-O cang cao va nguoc lai [11],
[12], [14], [15], [16], [17]. Ta thay rang:
ty s6 cuong do huynh quang R cua ion
Dy** trong nén thay tinh CFBS 16n, diéu
nay chang té huynh quang siéu nhay, do
dong hda tri caa lién két Dy-O ciing nhu
d6 bat doi xung xung quanh Dy** Ia rat
cao ¢ thuy tinh c6 chua sulphate calcium
(CaSOq). Piéu d6 ciing duoc khang dinh
khi so sanh xac suat chuyén doi cua
huynh quang siéu nhay AR (crss) V&i Cac
nén thay tinh khéc [13], [14], [16].

3.3. Nhiét phat quang

Céc liéu ké ¢ dang thuy tinh, thuong
dé dang cua cét dé tao ra nhiing liéu ké
d6ng nhat ca vé nong do tap, ca vé kich
thudc va hon thé nira, cong nghé ché tao
thiry tinh thuong don gian, c6 thé ché tao
v6i mé 16n nén gia thanh san pham
thuong thap. Tuy nhién, noi chung do
nhay nhiét phat quang (NPQ) cua céc vat
lieu thiy tinh khéng cao, ly do chu yéu l1a
& CcAu trdc vung cam cua ching. Vi céac
muc bay trong ving cim khdng c6 gié tri
gian doan rd rang va thong nhat nhu &
don tinh thé va da tinh thé, nén nhiing
chuyén doi tao hiéu tng NPQ thuong xay
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ra trong cau tric trat ty gan hay pham vi
cuc bo nao do.

CaF2:Dy va CaS0O4:Dy la hai vat liéu
NPQ rat noi tiéng trong viéc ché tao cac
lieu ké (ing dung do liéu vi ching c6 d6
nhay liéu rat cao, d6 6n dinh ly hoa tét,
c6 d6 suy giam tin hiéu theo thoi gian va
nhiét d6 thap va dai dap tng tuyén tinh
lidu rong, dinh dung trong do liéu (1an can
220 °C) lai nam trong viing nhay cua cac
detector [17]. Ngoai ra, borate kiém
(LBO) va kiém thd déu 1a nhitng vat liéu
NPQ rét quan trong vi chting c6 dién tich
hiéu dung tuong duong mod cua con
ngudi. Ca ba thanh phan d6 déu tham gia
véi mure d6 khac nhau trong vat liéu duoc
nghién ciru ¢ day, vi vay can thiét phai co
su danh gia vé tinh chat NPQ va dinh
huong kha nang uwng dung cua chdng
[18], [19]. Hinh 3 la duong cong NPQ
tich phan cua mau CFBS:Dy®* (chiéu xa
tia X c6 suat lieu 351 Gy, cac phép do
duoc thyc hién ngay sau khi chiéu xa véi
téc d6 nhiét p = 5 Ks™). Ta thay rang ciu
tric duong cong tich phan cia mau
CFBS:Dy®" kha phtc tap, cuc dai xuat
hién & 75°C kha manh va ¢ 148°C, 224°C,
355°C yéu hon. Néu so sanh véi cac cong
bé [18], [19] thi dai c6 cuc dai & 75°C va
224°C ¢6 ngudn gbc tir thanh phan
CaS0a:Dy, con cac cuc dai ¢ 148°C va
356°C c6 nguodn gdc tir thanh phan CaF:
Dy [19]. Str dung phuong phap vung tang
ban dau [18], cac thong sé dong hoc
(nang luong kich hoat, thoi gian song va
tan s6 thoat) wng véi céc trang thai biy
xac dinh duoc ¢ bang 6.



TAP CHi KHOA HOC - BAI HOC PONG NAI, SO 22 - 2022

ISSN 2354-1482

3.0E+06 |

5.0E+05 |

75

148

355

o 50

100 150 200 250 300 350 400 450

Nhiét d6 (°0)

Hinh 3: Duong cong nhiét phat quang tich phan

cua CFBS: Dy®* (tia X 351 Gy, p = 5 Ks'?)

Bang 6: Cac thdng sé déng hoc (ndng hrong kich hoat E, thoi gian séng 7va tan so
thodat s) 1#ng Vi cac trang thai bay trén dwong cong NPQ

Thong sb 75°C 148 °C 224 °C 356 °C
déng hoc

E (eV) 0,83 0,91 1,09 1,48
t(h,y) 32,8h 20,1y 2,6.10°%y 1,6.10°y
s (Hz) 8,2.10% 6,1.10% 5,6.10%? 7.4.10%

Cac két qua & day cho thay hiéu ung
NPQ cua vat liéu thuy tinh chira sulphate
la kha manh va lién quan gidng dén céc
vt liéu do liéu quen thudc dang bot. Gia
tri cac thdng sé dong hoc xac dinh duoc
cho thay c6 thé dung dinh & 224°C hoic
356°C dé do liéu vi day la cac dai bic xa
c6 d6 6n dinh tin hiéu tét theo thoi gian
va nhiét do. Pay 1a mot két qua ly tha,
1am cho chung ta nghi dén cac nghién cau
xa hon véi hy vong dua thuy tinh nay vao
ung dung trong linh vyc do lidu buc xa
bang NPQ.

4. Két luan

Véi thay tinh c6 chtra sulphate
(CFBS) khi pha tap ion Dy**, ly thuyét va
thue nghiém déu cho thay cac chuyén doi
c6 cuong do kha 1on (Ion hon so véi thuy

94

tinh khdng chwra sulphate). Trén co so do
phan cuc, cac ly giai vé gia tri Q, vaty sb
huynh quang R giita cac chuyén doi dic
trung cho sy bat dbi xtng cua truong tinh
thé ¢ lan can ion Dy**, do dong hoa tri
giita lién két Dy-O da duoc chi ra. Cho
du day 1a vat liéu thuy tinh vai cau tric
viing cam, cac muc bay phan bd gian
doan khong 16 rang nhu & don tinh thé va
da tinh thé, nhung hiéu ung NPQ cua
CFBS:Dy** kha manh, dudng nhu lién
quan dén cac vat liéu do liéu quen thugc
dang bot. Pay 1a mot két qua Iy tha, 1am
cho chiing ta nghi dén cac nghién ctu xa
hon véi hy vong dua thuy tinh nay vao
ng dung trong linh vuc do liéu buc xa
bang NPQ.
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OPTICAL SPECTROSCOPIC ANALYSIS OF CALCIUM FLUOROBORATE
SULPHATE GLASS DOPED WITH DYSPROSIUM

ABSTRACT

Spectroscopic properties of Dy** ions doped in Calcium Fluoroborate Sulphate
glasses (CFBS) fabricated by melting method have been studied. By using Judd — Ofelt
(JO) theory to analyze absorption spectrum, fluorescence spectrum for lattice
structure and optical properties of CFBS:Dy®* glass. These intensity parameters
(2= 2,4, 6) are used to predict radiation properties including electric dipole line force
(Sed), magnetic dipole (Sma), radiation displacement probability (Ar), lifetime in the
state excited state (1r), branching ratio (fr), eMission Cross-section (o;,) for excitation
level of Dy*" and radiation transitions: *Feoo — SH; (¢ = 152, 132, o). The
thermoluminescent properties of Calcium fluoroborate sulphate glass have also been
studied, the results show the prospect of application as a material in high energy
radiation dosimetry.

Keywords: CFBS glass, Judd-Ofeld theory, fluorescence
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