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Tém tit

Thuy tinh oxit canxi-liti-borat (CLB) da dugc ché tao thanh cong bang k§ thuat nung néng chay va lam ngudi nhanh trong
khong khi. C4u triic mang tinh thé va mot sé tinh chat vat ly cua thay tinh CLB don pha tap ion Sm3* va dong pha tap cac
ion Ce3*, Sm®* (CLB Ce,xSm) da dugc xac dinh thdng qua viéc phan tich pho nhiéu xa tia X, phd hong ngoai bién d6i
Fourier (FTIR) va phd hip thu. Qua trinh truyén ning luong giira ion Ce®* va Sm3* khi vt ligu tuong tac voi anh sang
tim (361 nm) d dugc thao luan théng qua quang pho kich thich va phé huynh quang. Ngoai ra, phé toa d6 mau va nhiét
d6 mau twong quan da duoc xac dinh. Két qua cho thay trién vong str dung vat liu trong linh vuc quang tir va chiéu sang.

Tir khoa: toa do mau; thuy tinh CLB; tinh chat quang; hap thu; nhiét d6 mau.

Abstract

The oxide calcium-lithium-borate glass (CLB) has been successfully fabricated by the conventional melt quenching
technique in the air. The crystal lattice structure and some physical properties of CLB glass single-doped with Sm®* ions
and co-doped with Ce®" and Sm®* ions (CLB:Ce,xSm) have been determined through analysis of the X-ray diffraction
spectrum, Fourier transform infrared spectra (FTIR) and absorption spectra. The energy transfer process between Ce3*
ions and Sm®* ions, when the material interacts with violet light (361 nm) has been discussed through excitation and
fluorescence spectroscopy. The color coordinate spectrum and color temperature were determined. The results show
promise for using the material in the fields of photonics and lighting.
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1. Gigi thigu

Trong nhitng nam gan day, vat liéu thay tinh
borat pha tap cac nguyén tb kim loai chuyén tiép
(TM) hozc cac nguyén té kim loai dat hiém (RE)
da duoc st dung nhiéu trong céc linh vuc quang
tar, 1am ngudn sang hoic sir dung trong do liéu
birc xa ion héa (bao géom ca do liéu trong xa tri)
[1, 2, 3]. Xét V& c4u trlc cua thuy tinh borat, hai
nhém lién két phd bién nhat 1a vong boroxol
(B3Os) gom su két hop ciia ba nhém don vi BO3
va nhom diborate (BsOs?) gom su két hop cua
hai nhom don vi BO3 v6i hai nhom don vi BOa.
Véi cau tric nay, trong thity tinh borat ¢ khoang
75% - 80% nguyén ti B ndm trong c4c vong
boroxol, do d6 né cé trat ty trung gian. Uu diém
cua thuy tinh borat 1a d6 trong sudt cao, diém
néng chay thap, 6n dinh nhiét cao va kha ning
phan tan ion dét hiém tét. Nhugc diém cua thiry
tinh borat nguyén chat Ia cé tinh hat am manh
nén mang lién két trong nén thuy tinh d& bi pha
V3, Vi vay vat liéu nay c6 do on dinh hoéa hoc
thap. Mit khac, do ning luong phonon cao
(khoang 1400 cm™ - 1500 cm™), diéu nay lam
tang kha ning hdi phuc da phonon, dan dén lam
giam hiéu suat phat quang cua vat liéu. Mot s6
oxit nhu PbO, CaO, K20, NaO, LizO... c6 thé
lam thay doi tinh chat ciia chat nén thuy tinh
borat khi thém vao véi luong vira da. Khi co6 mat
trong thanh phan thay tinh, nhitng oxit nay co
thé thay doi cdu tr(ic mang tinh thé caa thuy tinh
va do d6 n6 duoc goi la chat bién tinh mang
(modifier). Tuy thudc vao thanh phan héa hoc,
loai chit bién tinh va cac diéu kién trong qua
trinh diéu ché s& cd su khac biét vé cau tric va
tinh chat vat ly caa thay tinh [4, 5, 6]. P6i voi
thay tinh borat pha tap cac nguyén té RE, khi c6
chtra thanh phan bién tinh 1a oxit kim loai kiém
(AM) s& gay ra sy thay di cu tric trong moi
trrong cuc bd xung quanh ion RE. Do duong
kinh caa cac ion AM du nho nén ching c6 thé dé
dang chiém gitr cac vi tri xen k& xung quanh cac
nguyén tir hodc phan tir borat va do d6 chuyén
cac don vi tam giac BO3 thanh don vi tr dién

BO4. Ngoai ra, cidc ion AM khi tham gia vao
mang chu s& pha v lién két oxy bac cau va tao
ra cac lién két oxy khdng béc ciu, va vi vay co
thé tao ra céc tinh chat méi cho hdn hop thiy
tinh [1, 7, 8]. Trong cdng trinh nay, ngoai oxit
Li2O, chding tdi b6 sung thém mét lwong vira du
oxit CaO, vdi hy vong lam giam kha nang hut
am, tang do cimg va do d6 lam giam kha ning
hoi phuc da phonon dé cai thién hiéu suat phat
quang cua vat liéu. Pé nang cao hiéu suat phat
quang cua cac ion Sm®, vat liéu dugc pha tap
ddng thoi véi cac ion Ce®* nham tao ra sy truyén
ning luong (ET) tur cac ion Ce®* sang Sm3* lam
tang kha nang phat quang cho ion nay, vai hy
vong cac tinh chat nay s& dap tng cac yéu cau da
dang trong linh vyc quang tir hoic 1am nguon
sang.

2. Phwong phap thwe nghiém

Vit liéu thuy tinh CLB ¢6 thanh phan 15Ca0O
+ 25Li20 + (60-x-y)B203 + xSm203 + yCe203
duoc diéu ché bang ky thuat nung néng chay
trong khong khi c6 sir dung than (graphit) lam
moi trudong khir. Cac hoa chat thanh phan dugc
can chinh x4c bang cin dién tir, tron k§ va
nghién thanh bt min trong cdi ma nao. Hon hop
dugc cho vao khudn 1am bang than va néu chay
trong 10 dién & nhiét d6 1100°C trong 1,5 gio,
sau d6 dugc lam ngudi nhanh dén nhiét do phong
trong khong khi. San pham duoc it & 500°C trong
2 gio sau d6 thu dugc thity tinh dong nhét trong
sudt. Cac miu nay dugc cit, mai va danh bong
thanh cac khdi tron c6 6 day d = 1 mm va duong
kinh r = 5 mm dé do chiét suét n, mat do... va
cac phép do quang hoc nhu phd hap thy, phd
huynh quang... Mot phan mau duoc nghién va
tuyén céac hat co kich thudc tir 75 d¢én 150 micron
dung trong phép do nhiéu xa tia X.

Quang phé hép thu dugc thuc hién trén hé
Cary 5E (Varian Instruments, Sugarland, Tex)
trong vung budc song 200 nm - 2500 nm véi do
phan giai phd 1 nm. Quang phd hdng ngoai
(FTIR) trong viing 400 cm™ — 3000 cm™ dugc
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do bang may quang phé Shimadzu FTIR - 8700
(thyc hién & nhiét ¢ phong). Phé huynh quang
va phd kich thich thu dwgc nho st dung hé
Flourolog-3 Model FL3-22, Horiba Jobin Yvon

3. Két qua va thao luan

c6 d6 phan giai 0,3 nm va kich thich biang &nh
séng cua dén xenon (100 W). Cac s liéu thuc
nghiém dugc xir ly trén phan mém OriginPro 8.0
(2018).

3.1. Céu tritc va mot sé tinh chét vt ly ciia thiy tinh CLB:xSm,yCe

3.1.1. Cdc tinh chdt vit Iy

Thanh phan hoéa hoc, ky hiéu mau, chi s6 khic xa va khoi lugong riéng ctia cdc mau ché tao duogc

trinh bay ¢ Bang 1. C6 thé thiy rang: so vi mau khong pha tap (CLB), cac miu don pha tap (CLB:Ce
va CLB:xSm) va dong pha tap (CLB:Ce,xSm) c6 khéi luong riéng ting nhe tir 3,149 1én 3,150; 3,151
va 3,160 g/cm®, din dén chiét suét tang tir 1,539 1én 1,540; 1,541 va 1,553, tuong Ung.

Bang 1. Thanh phén hoéa hoc, ky hiéu mau, chi sd khtc xa va khoi luong riéng, nhiét dung riéng
va nhiét d6 noéng chay ciia cic mau.

Thanh phan Ky hiéu Chi so Khéi lwong Nhiét dung Nhiét do
héa hoc mau khic xa n [riéng p (g/cm?®) |rieng (J.gK™) |n6ng chay (°C)
15CaS04+25Li,O | CLB 1,539 3,149 1,22 -1,74 1020
+60 B2O3
15CaS04+25L.i; CLB:Ce 1,540 3,150 1,22 -1,74 1020
+59.5 B20s,
0.5Ce203
15CaS04+25Li,0O | CLB:xSm | 1,541 3,151 1,22-1,74 1020
+(60-x) B20s,
xSm203 (X=O.5,
1.0, 1.5, 2.0)
15CaS04+25Li,0 . 1,22-1,74 1020
+(59.5-X) B2Os, gr';]B'Ce’X 1,553 3,160
0.5Ce203, XSM203

3.1.2. Phan tich gian do nhiéu xa tia X

Hinh 1 trinh bay gian d6 nhiu xa tia X
(XRD) ctia hai mau thity tinh dai dién c6 cung
thanh phan nén CLB nhung pha tap khac nhau
(miu CLB:1Sm va CLB:Ce,1Sm). Pho dugc ghi
trong pham vi 10° < 20 < 80° tai nhiét d§ phong
(RT). Phd XRD cho thdy tan xa khuéch tan dai
rong trong pham vi 15" < 20 < 30° (c6 cuc dai
trong khoang 20 ~ 19-21°), thé hién su rdi loan
ctia cdu trac lién két xa giita kim loai kiém va
borat (L-B). Trong phd nhidu xa cta ca hai miu
déu khong xudt hién cac dinh sic nét (dic trung
cho cdu truc tinh thé), ngay ca ddi voi mau dong
pha tap CLB:Ce,1Sm c6 chira ham lugng oxit

RE tuong d6i cao (1.5 mol%), diéu nay khang
dinh tinh chat vo dinh hinh cua thuy tinh [9, 10].

Intensity (a. u.)

CLB:1Sm

10 20 30 40 50 60 70 80
26 (degree)

Hinh 1. Gian d6 nhiéu xa tia X cta thay tinh CLB:1Sm
va CLB:Ce,1Sm (trong dai 10°<260< 80°)
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3.1.3. Phdn tich phé hong ngoai bién doi Fourier
(FTIR)

Phd FTIR cua thiy tinh CLB dugc ghi lai &
ving s6 song 400 cm™ - 3000 cm™ nhu trong
Hinh 2. Céc dinh & 445 cm™, 610 cm™ va 773
cm™ duge cho 14 ¢6 lién quan dén dao dong cua
cac cation kim loai kiém va kiém thé (Li* hodc
Ca®") cua cac lién két (Li-O) hoidc (Ca-0) [11,
12, 13].
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Hinh 2. Phé FTIR cua thiy tinh CLB duoc ghi trong
khoang 400-3000 cm™!

Céc dao dong rung lién quan dén mang CLB
bao gdm: cac dinh & 1010 va 1095 cm™ 14 do su
gidn ng cua lién két B-O" trong cac don vi BOa.
Céac dinh & 1253 va 1451 cm™ lan luot 1a cua
nhom diborat (B4O7)% va sy gidn kéo dai khong
d6i xtmg luong giac lién két B-O cua cac don vi
BOs. Pinh ¢ 1695 cm™ duoc gan cho lién két B-
O trong nhom pyroborat bi c6 1dp hoac dao dong
kéo dai B-O cua cac don vi ortoborat [13, 14, 15].
3.1.4. Phan tich phé hap thu UV-ViS-IR

Hinh 3 trinh bay phé hip thu UV-ViS-NIR
cua mau thuy tinh CLB:1Sm (duong cong (a))
va mau CLB:Ce,1Sm (duong cong (b)) trong dai
budc song tir 200 nm dén 2000 nm. Ta thay tat
ca cac dinh xuat hién trén phd hap thu déu c6 su
tuong ddng vé vi tri budc song twong tng cua
cac ion Ce®* va Sm®*, diéu dé cho thiy do tinh
khiét quang hoc caa cac mau thuy tinh duoc ché

tao [1, 15, 16]. Trén duong cong (a) quan sat
thy céc cuc dai & 320 nm, 345 nm, 365 nm, 375
nm va 410 nm, 470 nm (trong vung UV-ViS),
twong Ung Véi cac chuyén doi tir trang thai co
ban °®Hs, 1én cac trang thai kich thich
Me=112132),  *Gorz, OPig=arsizn), ‘Mgz va
*Dju=3r2.712), trong do, su dich chuyén tir ®Hsy2 1én
5P31, c6 cudng do manh nhat.

(a) CBL:1Sm
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Hinh 3. Phé hap thu UV-ViS-IR cia mau CLB:1Sm (a)
va CLB:Ce,1Sm (b).

Trong vung NIR, quan sat dugc cac cuc dai ¢
946 nm, 1080 nm, 1228 nm, 1374 nm, 1474 nm
va 1530 nm, twong ung Véi sy chuyén doi tur
trang thai co ban ®Hs; Ién cac trang thai kich
thich ®Fyg=3s2, 275, 217, 219, 2111, 1372). Trén dudng cong
(b), ngoai cac cuc dai quan sat dugc nhu ¢ duong
cong (a), con xuat hién dai hap thy (co cudong do
cao) nam trong ving UV (tir 250 nm dén 350
nm) cua ion Ce®*. Dai hap thu nay 1a su tong hop
cia 5 dai con chdng I&n nhau véi cac cuc dai &
273, 293, 317, 342 va 365 nm. Cac dai hap thu
nay twong wng voi cac chuyén doi tir 4f1(%Fsp)
Ién cac trang thai cao hon khac nhau
5d*(°Djj=1.2:345). Cac ion Ce** khong hap thuy
cac photon c6 budc song I6n hon 350 nm (trong
vung ViS - NIR) [16, 17, 18, 19, 20]. Nhin chung
cac dai xuat hién trong ving NIR c6 d6 rong phd
I16n hon nhung cuong d6 kém hon cac dai ¢ vung
UV-ViS.
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(a) CLB:1Sm (3.9 eV)
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Hinh 4. D6 thj Tauc's ciia mau CLB:1Sm (a) va
CLB:Ce,1Sm (b) glass samples (hinh chén vao la do thi
In(a) theo nang lugng “hv”

Str dung d6 thi Tau'c dé xac dinh do rong
ving cam quang (Eg) cua cdc mau CLB:Sm
(duong cong a) va CLB:Ce,Sm (duong cong b)
nhu & Hinh 4. Gia tri Eq x4c dinh duoc lan luot
12 3,9 eV va 3,7 eV. Diéu nay cho thiy c6 mét
su thay doi vé cau trc cua thuy tinh do d3 tao ra
cac muc nang lugng mai gita vung hoa tri va
ving dan trong mau CLB:Ce,1Sm. Mirc do rdi
loan ciu trlc cua vat lidu duoc xac dinh thong
qua gia tri do rong AE ciia mép dai hap thu (ning
luong Urbach) [21, 22]. Bang cach vé d6 thi
In(a) theo nang lugng “hv” (hinh chén vao trong
Hinh 4) va xac dinh d6 déc cua ving tuyén tinh
gan mép dai hap thy. Céc gié tri AE thu duoc la
0,43 eV (v6i mau CLB:1Sm) va 0,49 eV (v6i
mau CLB:Ce,1Sm). Ning lugng Urbach ting
trong mau dong pha tap (CLB:Ce,1Sm) cho thay
su gia ting mat trat ty trong mang thay tinh, c6
thé 1a do s6 lugng khuyét tat 16n hon da tao ra s6
trang théai cuc bo nhiéu hon trong viing cam [21,
22]. biéu nay c6 thé dugc giai thich rang ¢ muc
d6 pha tap du cao, cac tap chat trong thay tinh

duogc cho 1a s& 1am x&o tron céu tric cia mang
nén do cac ion RE®* di vao cdc vj tri xen k& xung
quanh cac nguyén tir B, va do d6 chuyén cac don
vi tam gi4c BO3 thanh don vi t dién BO4. Diéu
d6 c6 nghia la ty I¢ gitra cac don vi BO4/BOs
tang 1én, chirng to cac lién két oxy khong bic cau
tang 1én [7, 8]. Bai vi su kich thich cua mot
electron tir oxy khéng bac cau doi hoi it ning
luong hon so vai oxy bic cau, nén di tao diéu
kién cho sy dich chuyén caa dai hoa tri vé phia
dai dan cua ma tran nén va do d6 1am giam do
rong ving cam, dong thoi lam ting mac do roi
loan cau tric cta mang tinh thé cua thuy tinh
[7, 8, 18, 19, 20].

Nhu ching ta da biét, ly thuyét Judd-Ofelt
(JO) dugc xay dung cho kim loai dat hiém. Céac
thong s6 cuong do (@) rat ra tir ly thuyét nay
cho phép danh gia nhiéu dic diém cia moi
truong cuc bo xung quanh cac ion RE3*. Trén co
s& d6, chung t6i st dung ly thuyét nay dé kiém
tra lai anh huong cua sy dong pha tap Ién cau
trdc mang tinh thé ciia ma tran cha théng qua cac
tham s6 cudng do Quo-2.4,6). Cac thdng sé nay co
thé duogc xac dinh bang cach so sanh gia tri luc
dao dong tir (fear) x4c dinh duoc tir ly thuyét JO
theo phuong trinh:

8n’mev  (n°+2)°
°a':3h(2J+1)X( 9n) P
lyc dao dong tir do duogc tir phd hap thu (fexp)
bang cong thire Smakula:
f,, =4,318.10° [e(v)dv [22, 23]. Céc thong s6

<‘PJ|U)"|‘I"J'>‘2 V6i

cudng do Q. da tinh toan cho cac mau CLB:1Sm
va CLB:Ce,1Sm (so sanh vai mot sé nén thiy
tinh khéc trong cac cong bd gan day) duoc trinh
bay trong Bang 2.
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Bang 2. Bang gia tri cAc thdng s6 cudng do tinh cho cac mau thuy tinh ché tao (c6 thém tham
khao trong mot s nén thay tinh khac cong bé gan day)

Vit liéu nén thay tinh 2(210_20 em?) %(‘10_20 em?) %ilo_zo em?) Ref.
CLB:1Sm 7,09 2,30 5,21 Mau ché tao
CLB:Ce,1Sm 7,13 2,35 5,25 MAu ché tao
10Li,0-69B,03-10Te0»-10Al,0; 13,41 2,75 4,59 [3]
40Te03-40B,03-10Al,03-10K-0 4,39 1,67 1,54 [7]
69B,03-15Na2CO3-15NaF 3,29 0,21 0 [7]

Theo ly thuyét JO, c4c tham s6 Q4 va Qs phan
anh dic tinh xép chat va do cang cua vat liéu
(rigidity), trong khi gia tri Q> lién quan dén ban
chét cong hoa tri va tinh bat dbi xing cia moi
trudng cuc bo xung quanh cac ion RE3. Néi
cach khac Q2 lién quan dén cac twong tac va hiéu
ung phan cuc khac nhau dugc tao ra bgi cac ion
cua thanh phan bién tinh c6 trong ma tran nén
cua thiy tinh. Tuong tac cang manh thi d6 mat
trat ty cua mang thaty tinh cang tang thé hién
tham sé Q» cang ting [22, 23]. Gia tri Q ting
d6i v6i mau dong pha tap cho thay 6 mat trat tu
trong cac mau nay I6n hon. Mit khéc, khi so
sanh véi nhiéu cong bé gan day, gia tri Qo tinh
dugc tir cac mau cua ching téi nam trong nhém
I6n, gi& tri nay ting & miu dong pha tap
CLB:Ce,1Sm (tong nong do pha tap cao hon).
Diéu d6 cho thdy mirc do x&o tron cau tric trong
mau nay lén hon, diéu d6 hoan toan phit hop Vi
két qua tinh toan cho sy thay ddi cua Eq va AE &
trén. Mic du két qua tinh toan tir ly thuyét JO
khong dii nhay dé chi ra nhiing thay doi tinh vi
trong cau truc cua vat liéu nhung day 13 mot bd
sung ph hop dé nghién ctru anh huéng cia nong
d6 pha tap dén cdu trdc mang tinh thé cua thuy
tinh CLB.

3.3. Tinh chdt birc xg cia thiy tinh CLB:1Sm
va CLB:Ce,1Sm

Hinh 5 trinh bay phé huynh quang caa ion
Sm®* trong thay tinh CLB:1Sm véi cac ndng do
Sm khac nhau. Tt ca cac duong cong phd déu
xuat hién bdn dai phét xa cé cuc dai & budc séng
563 nm, 598 nm, 646 nm va 708 nm, tuong ung

v6i cac chuyén doi tir trang thai kich thich
4Gsi2—"Ha@ = 512, 712, 912, 11/2) trong cau hinh 4f ctia
ion Sm®*. Ba dai dau tién déu c6 cuong do manh
va do rong phd kha 16n do su chong chat cua it
nhét hai dai buc xa thanh phan, thé hién su tach
muc theo hiéu tng Stark (theo gian &6 mirc ning
luong cua ion Sm* cua Dieke). Dai phat xa ¢
bude séng 563 nm twong wng voi chuyén doi
4Gsj2 — °Hsp2 (c6 AJ = 0) thé hién dic tinh ludng
cuc tir (MD) chiém wu thé va né khong phu
thudc vao cudong do trudng tinh thé xung quanh
ion Sm®". Dai phat xa & budc song 598 nm ¢
cuong d6 manh nhét trong ang chuyén doi *Gsy,
— SHyz (c6 AJ = +1) 1a chuyén doi cho phép
MD, nhung n6 bi chi phdi bai co ché ludng cuc
dién (ED) va phu thudc chu yéu vao truong tinh
thé xung quanh ion Sm®*. Dai phat xa ¢ budc
song 646 nm tuong tng véi su chuyén doi giia
4Gs/2—°Hagr2 hoan toan theo co ché ED va cuong
d6 caa nd co thé bi thay doi bai truong phdi tir
xung quanh vi tri ion Sm*,

CLB:xSm*
A, =361 nm

4 5
Gy~ Hyp

1mol% Sm
1.5mol% Sm
2mol% Sm

PL Intensity (a.u.)

4 5
Gyp—Hgy,

4 5
Gy sz

400 450 500 550 600 650 700 750
Wavelength (nm)

Hinh 5. Ph6 huynh quang ciia thity tinh CLB:xSm (x = 0.5,
1, 1.5 and 2 mol%) khi kich thich bang anh sang 361 nm
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Cuong do phét quang cua cac dai tang khi
nong d6 ion Sm®* trong mau ting va dat cuc dai
& ndng d6 ion Sm** 1a 1 mol%, sau d6 cuong do
phat quang giam khi ndng do ion Sm3* tiép tuc
tang 1.5 mol% va 2 mol%. Su tat dan phét quang
dugc quan sét thiy khi ndng d6 ion Sm** 16n hon
1 mol, diéu nay c6 thé do su truyén ning luong
cong hudng giira cac ion Sm** khi khoang céach
gitra chung du nhd. Qua trinh nay duoc goi la
qua trinh dap tit phat quang do nong do gay ra
[17, 18, 24].

Hinh 6 1a pho huynh quang cia cac mau
CLB:Ce,xSm khi bj kich thich bang anh sang c6
budc song 361 nm.

CLB:Ce,xSm
A= 361 nm

PL Intensity (a.u.)

Tmol% Sm
0.5mol% Sm
1.5mol% Sm
2mol% Sm
4G5/ _’SHsuz

PL Intensity (a.u)

400 500 600 700
Wavelength (nm)

Hinh 6. Pho huynh quang cua thuy tinh CLB:Ce,xSm
(x=0.5, 1, 1.5 and 2 mol%) khi kich thich bang anh sang
361 nm

Ngoai cac dai phat xa trong dai budc song ti
500 nm dén 750 nm caa ion Sm®* con xuét hién
mot dai phat xa rong véi cudng do rat manh
trong khoang 350 nm dén 500 nm (cyc dai & 415
nm) 1a cia ion Ce®*. Ta thay cho du ndng do ion
Ce® khong ddi (0.5 mol%) nhung khi thay doi
nong do ion Sm®* thi cuong do cua cac dai ciing
thay d6i. Hinh chén vao trong Hinh 6 cho thay
cuong do phéat quang cua Ce®* giam roi ting,
trong khi cuong do phat quang ctia ion Sm3* ting
réi giam theo chiéu nguoc lai khi ndng d6 Sm
tang tir 0.5 mol% dén 2 mol%. Cudng d6 céac dai
dat gi4 tri cuc tiéu (ddi véi ion Ce*) va cuc dai
(d6i vé6i ion Sm®*) khi ndng d6 Sm** 1a 1 mol%.
Diéu nay ching to ¢ sy truyén ning luong tir
ion Ce3* sang ion Sm3*.

(a) excitation of Sm>*, A,,,= 598 nm
(b) emission of Ce®*
g BP![Z
>
=
7]
c
[}
= 6H5/2—>
c . (b)
£ .
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Hinh 7. Pho kich thich ciia mau CLB:1Sm (a) (do & cuc
dai 598 nm), va pho huynh quang cua mau CLB:Ce (b)
(kich thich bang anh sang 333 nm)

Dé tim hiéu co ché truyén ning lugng nay, ta
phan tich phé kich thich caa mau CLB:1Sm (a)
va phd phét xa cia mau CLB:Ce (b) dugc trinh
bay tai Hinh 7. C6 thé thay, mot sé dai kich thich
cua ion Sm** & budc sdng 403 nm, 417 nm, 438
nm, 462 nm va 473 nm déu nam trong ving phéat
xa Ce*". Vi vay, trong trudng hop nay khi xét
qué trinh truyén ning luong gitra ion Ce®* vaion
Sm®* khong thé loai trir kha ning tai hap thu cua
ion Sm3* tir 4nh sang phat xa cua ion Ce**. Co
ché tai hap thu c6 thé duoc minh chiing bang két
qua thyc nghiém vé phd huynh quang cua cac
mau CLB:Ce (duong cong a), CLB:Ce,1Sm
(duong cong b) va CLB:1Sm (duong cong c),
khi bi kich thich boi anh sang c6 budc song 310
nm dugc trinh bay ¢ Hinh 8.

(a) CLB:Ce
._E?ET.'.?E‘ (b) CLB:Ce,1Sm
roa (c) CLB:1Sm

PL intensity (a.u.)

400 450 500 550 600 650 700 750
Wavelength(nm)

Hinh 8. Phé huynh quang cua cac mau CLB:Ce (a),
CLB:Ce,1Sm (b) va CLB:1Sm (c) (kich thich bang anh
sang 310 nm)
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Vi 4nh sang 310 nm nam ngoai dai kich thich
(hoac kich thich rat yéu) caa ion Sm3* (xem Hinh
7), nén ion Sm®* khdng hap thu (hoic hap thu rat
yéu) cac photon ¢ budc song nay, dan dén cudng
do phat quang cua ion SmP* trong mau
CLB:1Sm (dudng cong c) rat yéu. Nguoc lai,
trong mau CLB:Ce,1Sm (dudng cong b), cuong
do phét quang caa ion Sm3* kha I6n. Viéc ting
cudng d6 phét quang cac dai pho caa ion Sm®*
trong cac mau dong pha tap Ce3* va Sm*" di kém
Véi sy giam cuong do phat quang cua cac ion
Ce?" (dudng cong (b) so véi dudng cong (a)), da
cho thay c6 su truyén nang lugng tirion Ce®* sang
ion Sm®*. Piéu ndy minh chimg cho co ché truyén
nang lugng trong truong hop nay 1a sy tai hap thu.
Diéu nay chi xay ra trong trudng hop phé phét xa
ctia chat cho (donor) chong 1én phé kich thich caa
chat nhan (acceptor) [8, 9, 18, 19, 24].

3.3. Toa dp mau (CIE) va nhiét dp mau twong
quan (CCT)

Céc gia tri toa @6 mau (CIE) va nhiét d6 mau
tuong quan (CCT) rat hiru ich dé kiém tra chat
luong cua nguon sang kha kién. Tur sb liéu phd
huynh quang thuc nghiém, ta ¢ thé xac dinh
duoc c4c gia tri toa d6 mau trén gian d6 CIE-
1931 nhu & Hinh 9.

Hinh 9. Gian dd toa d6 mau CIE-1931 cta cc mau
CLB:xSm va CLB:Ce,xSm

Str dung phuong trinh thuc nghiém McCamy
[25]:

CCT =-437n% + 3601n? - 6861n + 5514.31
(trong d6 n = (x-Xe)/(y-Ye) biéu thi nghich dao do
déc va xe=0.3320, ye = 0.1858 biéu thi tam cua
cac dudng dang nhiét), ching ta cé thé xac dinh
cac gia tri CCT cho cac bic xa twong ung. Cac
gia tri CCT < 3200 K duoc coi la “4m” va CCT
> 4000 K dugc coi 1a “mat” trong nhan thac thi
giac cua con nguoi [26]. Toa d6 mau va nhiét do
mau tuong quan cia CaC mau pha tap don
CLB:xSm va dong pha tap CLB:Ce,1Sm duoc
thé hién trong Bang 3.

Bang 3. Toa d6 mau CIE (x,y) va nhiét d6 mau twong quan (CCT) cua cdc mau thuy tinh
CLB:xSm va CLB:Ce,xSm (x=0.5, 1, 1.5 va 2 mol%).

Mau Toa d6 mau Nhiét do mau Mau Toa d6 mau Nhiét do
CIE CCT (K) CIE mau
x | vy x |y CCT (K)
CLB:xSm CLB:Ce,xSm
CLB:0.5Sm | 0,577 0,412 | 1752 CLB:Ce,0.5S | 0,253 0,164 | 7143
m
CLB:1Sm 0,578 0,415 | 1758 CLB:Ce,1Sm | 0,290 0,192 | 7353
CLB:1.5Sm | 0,569 | 0,416 | 1790 CLB:Ce,1.5S | 0,234 0,149 | 6827
m
CLB.25m 0,566 | 0,408 | 1772 CLB:Ce,2Sm | 0,215 0,134 | 6852

Phan tich két qua tir Bang 3 va Hinh 9 ta thay,
véi mau don pha tap (CLB:xSm) anh sang phat
Xa trong vung do va c6 CCT < 3200K nén dugc

coi 1a “4m” trong nhan thuc thi gi4c cua con
ngudi. PO v6i cac miu dong pha tap
CLB:Ce,xSm, 4nh sang birc xa nam ¢ viing mau
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tim va gay ra cam giac "mat" ddi vai thi giac (co
CCT > 4000K). Nhu vay, cac ion Ce** di chi
phdi ty 1¢ pha tron mau cua birc xa tong hop. Pay
la mot goi y tét dé ching ta c6 thé diéu chinh
nong d6 cua tirng loai tap chat dé c6 duoc anh
sang buc xa ¢ viing mong mudn.

4. Két luan

Thuy tinh oxit canxi-liti-borat (CLB) da dugc
ché tao thanh cong bang ky thuat nung nong
chay va 1am nguéi nhanh trong khéng khi. Cau
trac vo dinh hinh ddc trung cho ban chit thuy
tinh duoc xac nhan bang phd nhiéu xa tia X. Céac
dic tinh cAu tric va céc tinh chat quang hoc cua
thuy tinh khéng pha tap CLB, don pha tap
CLB:xSm; CLB:Ce va ddng pha tap
CLB:Ce,xSm da dugc nghién cuu tir viéc phan
tich phd FTIR, phd hap thu va phd phat quang.
Quang phé FTIR cho thiy cac dinh xuat hién &
budc song 445 cm?, 610 cm™ va 773 cm™ lién
quan dén cac dao dong riéng cua lién két (Li-O)
hoic (Ca-0). Cac dinh xuat hién trong khoang
1000 cm™ -1690 cm™ twong tng voi dao dong
ctia cac nhdm borat BOs, BO4 va (B4O7). Khi
ddng pha tap cac ion Ce** va Sm®* véi nong do
thap c6 thé lam thay doi khe ning luwong cia ma
tran nén thuy tinh, trong khi d6 anh huong khong
dang ké dén d6 rong cia mép dai (AE). Qua trinh
truyén ning lugng gitra ion Ce®* va Sm** duoc
chang minh bang su chong chat phd phat xa va
quang phé kich thich. Phé toa d6 mau (CIExy))
va nhiét d6 mau CCT da duoc xac dinh. Nong
d6 pha tap Ce®* va Sm®* cd thé chi phdi ty 18 pha
tron mau cua buc xa tdng hop. Két qua cho thay
trién vong tng dung lam vat liéu 1am ngudn séng
hodc trong linh vyc quang ta.
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