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Tém tit

Trong nghién ctu nay, vat liéu strontium magnesium silicate pha tap Eu®* v6i céc nf)ng d6 khac nhau da duogc ché tao
bang phuong phéap phan ung pha rén. Cau triic tinh thé va hinh thai bé mat mau ché tao dwoc khao sat bang phép phan
tich nh1eu xa tia X va anh hién vi dién tur quét SEM. Vit liéu thu duge duoc xdc dinh 1a hoan toan don pha SrzMgS|207
va c6 cau tric pha tetragonal. Cac mau Sr,MgSi,O7 pha tap Eu®* nong do cao s lam tang ti sO cuong do R va tinh bat dbi
tai vi tri Eu®*. Vi két qua pho phéat quang va toa do mau, ¢6 thé thiy cac mau SroMgSi,O7 v6i ndng d pha tap Eu®* 4.0-
5.0 mol% sé& cho cuong do phat quang t6t véi mau birc xa dich vé ving do dam.

Tirkhda: Vat liéu strontium magnesium silicate; 1y thuyét Judd-Ofelt; Europium; phat quang.
Abstract

In this work, strontium magnesium silicate phosphors with various Eu®* concentrations have been fabricated by solid state
reaction method. Structure and surface morphology of the fabricated samples were investigated by X-ray diffractometer
and SEM images. The material was determined to be completely single-phase Sr2MgSi207 and has a tetragonal phase
structure. Sr2MgSi207 samples doped with high concentrations of Eu3+ will increase the intensity ratio R and chirality
at the Eu3+ site. With the luminescence spectrum results and color coordinates, it can be seen that Sr2MgSi207 samples
with Eu3+ doping concentration of 4.0-5.0 mol% will give good luminescence intensity with the radiation color shifting
to the dark red region.
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1. Gigi thi¢u

Vat liéu phat quang strontium magnesium
silicate pha tap cac ion dat hiém thu hit sy quan
tam nghién ctru do ching dugc Gng dung trong
nhiéu linh vuc nhu vat liéu chiéu sang, vat li¢u
lan quang, vat lidu quang xuc tac [1-4]. Ké tir khi
duoc nghién ctru vé& mit cdu tric nam 1983, dén
nay rat nhiéu cong bd vé vat liéu nay tap trung
vao tinh chét l4n quang trén cip ion Eu?*/Dy*",
cac nghién ciru vé hudng nay van tiép tuc cho
dén nhimg nam gan day [5]. Ngoai ra mot sb
nguyén t6 dat hiém khac nhu Pr¥*, Th*, Sm®*,
Ce® ciing dugc pha tap vao nén strontium
magnesium silicate nham nghién ctru tinh chat
quang, tinh chat nhiét phat quang va qué trinh
truyén nang luong nham ting cudng phat xa [6-
9]v.v. Tuy nhién, nghién ciru vé Eu® pha tap
trong mang nén nay van rat han ché, hién nay chi
¢6 hai nghién ciru thuc hién theo hudng nay [2,
10]. Céc nghién ctru nay tap trung vao phuong
phap ché tao va tinh chat phat quang ctia vat liéu
ma chua danh gia tinh chat moi trudng tai vi tri
pha tap hay cac thong sb phat xa théng qua 1y
thuyét Judd-Ofelt. Trong s6 cac ion dat hiém c6
buc xa & ving d6 va hong ngoai nhu 1a Sm**,
Eu®*, Yb®* thi ion Eu®* phat ra birc xa d6 manh
trong ving cam dén hong ngoai gan. Phat xa ctia
ion Eu®* 1a két qua cta su chuyén doi *Do—'F;j
J=0,1,2, ..., 6)co dic diém do don sic cao
voi cac dinh birc xa vach hep. Do d6, viéc pha
tap Eu®" trong céc nén vt liéu khac nhau c6 thé
duge tng dung trong bo chuyén dbi tan sé anh
sang, laser va chiéu sang [11-14]. Ngoai ra, phat
xa ctia ion Eu®* ¢ thé ing dung 1am vat liéu phat
quang hiéu qua cho cic ngudn sang trang thai
ran, va ban than Eu®* con dong vai tro nhu mat
dau do dé doan nhan méi trudng xung quanh vi
tri ion tap thong qua thong tin tir phd phat quang
va ti s6 cuong do R (ti sd buc xa *Do—'F2
°Do—"F1) [13]. Déi véi phd phat xa Eu®, ti sb
cuong d6 giita chuyén doi °Do — ‘F2 (chuyén
doi ludng cuc dién) sang chuyén doi Do — “F1
(ludng cuc tir) c6 thé cho thiy tinh di xtng cuc

b tai vi tri Eu®* trong mang tinh thé va mot s6
thong sd phat xa nhu thoi gian séng tinh toan
(tcal), X4c sudt chuyén doi (A), ti sb phan nhanh
(Br) co thé duoc tién doan tir 1y thuyét Judd-
Ofetl 4p dung cho phd phat quang cta ion Eu®",
va ching duoc sir dung dé danh gia tinh don sic
ciia qua trinh phét xa cua Eu®* [13, 15, 16]. Do
do, trong nghién cliru nay, vat li¢u strontium
magnesium silicate pha tap Eu®* véi cac nong do
khéac nhau da duge ché tao va khao sat cac dic
trung quang phd. Cac thong s cu trac va hinh
thai hoc duoc danh gia thong qua gian d6 nhidu
xa tia X, cac tinh chat quang cta vat liéu duoc
khao sat bang phd phat quang, kich thich phat
quang va thong s6 cuong do tir 1y thuyét Judd-
Ofelt.

2. Thuwe nghiém

Vit liéu strontium magnesium silicate voi
cong thirc héa hoc SroMgSi>O7 pha tap Eu* véi
cac né)ng do khac nhau 0.1, 0.5, 1.0, 2.0, 3.0, 4.0,
5.0 mol% lan luot dugc ki hidu M1, M2,..., M7
da duoc tong hop bang phuong phép phan tng
pha ran. Céc tién chét ban dau gém c6 SrCOs,
MgO, SiO> va Euz03. Cac hoa chat dugc can véi
ti 1& hop phan va dugc tron, nghién trong thoi gian
30 phut & nhiét d6 phong. Hon hop sau d6 duogc
sdy & nhiét d6 50°C trong 24 gid, sau d6 cho vao
16 nung 1200°C trong 5 gidr v6i toe do gia nhiét
60°C/phiit. Lo duoc 1am ngudi tu nhién dén nhiét
d6 phong, miu thu duoc duoc dem nghién min
bang cbi md ndo trudc khi thuc hién cac phép
phan tich cdu tric cling nhu tinh chat quang.

CAu truc tinh thé cua vat liéu dugc khao sat
bang phép phan tich nhidu xa tia X trén thiét bi
do D8-Advance diffractometer  (Bruker,
Germany) va hinh thai bé mit mau duoc danh
gia bang anh hién vi dién tir quét (SEM) str dung
thiét bi Jeol 6490 equipment (JED 2300; Japan).
Pho phat quang, kich thich phat quang dugc do
dat trén may quang phd  FL3-22
spectrophotometer (Horiba Jobin-Yvon) vdéi
ngudn dén Xenon-450W.
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3. Két qua va thao luin

CAu truc tinh thé cua vat liéu SroMgSi>O7 pha
tap Eu®* duoc khao sat bang nhidu xa tia X
(XRD) cho cac mau M1, M3, M5 va M7. Két
qua vt liéu sau khi ché tao c6 cac dinh nhidu xa
hoan toan phu hop vai thé chuan PDF: 00-063-
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Hinh 1. Gian d6 nhiéu xa tia X cac mau M1, M3, M5 va M7.

Anh hién vi dién tir quét SEM cuia cac mau
M1, M3, M5 va M7 dugc trinh bay trén Hinh 2,
két qua cho thay cac hat khong ddng déu va két
dam kich thudc 16n. Anh SEM cua cic miu
tuong tu nhau va két hop véi két qua XRD cho
thay diéu kién ché tao 1a 6n dinh trong viéc tao
pha vat lidu.

Trén Hinh 3 1a phd kich thich phat quang
(photoluminescence excitation-PLE) ciua mau
M7 thu tai budc séng phat xa 613 nm. Phd PLE
bao gdbm mot dam rong & 245 nm bat ngudn tir
chuyén doi truyén dién tich giita Eu®* va 0% [2],
va cac dinh kich thich vach hep déac trung cho
chuyén doi dién tir trong cdu hinh 4" cua ion
Eu®* trong mang nén strontium magnesium
silicate [2]. Céc dinh kich thich manh bao gom
362 ("Fo—°D4), 381 ("Fo—°Gz), 392 ("Fo—"Ls),
414 ("Fo—°Ds3), and 464 nm ('Fo—°D,) va mot
s dinh cuong d6 bé ving 300 nm ung voi
chuyén doi "Fo—°Hj. Trong d6 vach kich thich

0011 cho thiy vat liéu don pha SroMgSi207, ¢d
cAu tric tetragonal. Bén canh d6, viéc khong
quan sat thiy cac dinh nhidu xa cta cac pha khéac
cho thy rang diéu kién cong nghé ché tao da sir
dung 13 ph hop va ham lugng pha tap Eu®* dén
5 mol% khéng 1am anh hudng dén ciu tric cua
vat liéu.

,». F , - ad , X

Hinh 2. Anh hién vi dién tir quét (SEM) cua cac
mau M1, M3, M5 va M7.

tai budc song 392 nm twong ting véi chuyén doi
"Fo—°Ls c6 cuong do tdt nhit, va buc xa nay
duoc Iwa chon dé kich thich Eu®* trong phép do
phan tich phd phét quang.

Pho phat quang (photoluminescence-PL) cila
vat liéu SroMgSi.O7 pha tap Eu®* véi cac ndng
d6 khac nhau dudi kich thich bang birc xa 392
nm duoc trinh bay & Hinh 4. Phd PL ctia cac mau
c¢6 dang twong ty nhau chi khac nhau vé cuong
dd véi cac dinh buc xa la cac vach hep dac trung
cho chuyén doi °Do-"F3 (J=0, 1, ..., 4) ciia ion
Eu®". Trong d6 cac dinh phat xa manh tai 591 va
616 nm tuong tmg cho chuyén doi ludng cuc tir
SDo—'F1 va ludng cuc dién °Do—F2 tuong tng,
va day 1a hai dai phat xa dong gop chinh vao birc
xa chung cua vat liéu bdi chung c6 cuong do 16n
hon han nhitng birc xa con lai. M6t s6 dai birc xa
yéu hon gdm c6 *Do—'Fo tai 579 nm, *Do—'F3
tai 655 nm, va °Do—F4 tai 705 nm.
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Hinh 3. Phé kich thich phat quang caa mau M7
thu tai budc song phat xa 613 nm.

Nhu di biét, trong s6 cac chuyén doi *Do—F;
ctia Eu®* jons, birc xa c6 cudng d6 manh nhat tai
616 nm thudc vé chuyén doi ludng cuc dién cho
phép SDo—'F2 va né rat nhay véi sy thay ddi cua
moi trudong xung quanh vi tri Eu®*. Buc xa ¢6
cuong d0 manh thir hai tai budc song 591 nm
thudc vé chuyén doi ludng cuc tir °Do—'F1 va
chuyén doi nay hau nhu 1a doc lap véi sy thay
d6i ciia moi truong xung quanh vi tri Eu®*. Do
do, ti s6 cudng do (R) giita chuyén doi *Do—'F2
v6i °Do—'F1 thudng duoc s dung dé danh gia
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Hinh 5. Két qua ti s6 cuong do R ang vai cac mau co
nong do Eu®* khac nhau.
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Hinh 4. Phd phat quang cac mau thay ddi theo nong do
Eu®* dudi kich thich 392 nm.

su thay d6i méi trudng/tinh bat ddi xtmg tai vi
tri Eu®* [15, 17]. Két qua tinh toan ti s6 R cho tit
ca cac mau duoc trinh bay trén Hinh 5, véi gia
tri nam trong khoang 2.44 — 2.87 twong ing mau
M1 va M5. Tuy nhién ta ciing thay sy thay doi ti
sO R gitra cac mau tir M2 dén M6 khong 16n, nam
trong khoang gia tri tir 2.75 dén 2.87, diéu nay
cho thay cac nong d6 Eu®* tmg vdi cac mau nay
s& cho phat xa mau do6 t6t hon nhimg mau khac
khi ma cuong do dai bic xa do6 & 616 nm s&
chiém wu thé hon.
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Hinh 6. Két qua thong s6 Omega 2 va Omega 4 (ing Vi
cac mau c6 nong do Eu®* khéc nhau.
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Bén canh phan tich ti $6 cuong do R, cac dac
trung phat quang cua ion Eu®' trong vat liéu
Sr2MgSi>O7 cling dugc doan nhan théng qua cac
thong s cuong do -2, 4,6 dugc tinh tir 1y thuyét
Judd-Ofelt ap dung cho phd phat quang ctia Eu®*
trén Hinh 4. Thong thudng, cac thong s6 cuong
d6 duoc tinh thong qua phd hap thy, phd phat
quang [17-20] hodc phd kich thich [21, 22].

10D = Fuddv A(CD, > Fy,) [ ¢
[1CD, > 'F)dv A (D, —"R) [S

md

O day Amg VA Aeg tuong Ung 1a x4c suét
chuyén doi phat xa ctia *Do—'F1 va *Do—"F2.45;
v Va n 1a nang luong phat xa va chiét xuat cia
vat lidu; Sma 13 lyc vach cua chuyén doi
*Do—'F1, n6 doc 1ap va c6 thé tim thay & cong
b [26]; ‘U “ (4 = 2, 4, 6) 1a cac phan tir ma
tran rat gon twong Umg véi cac chuyén doi

®*Do—'F2,4,6 va chiing nhan cac gid trj tuong tmg
la 0.0032, 0.0023 va 0.0003 [18]. V&i két qua
phd phét quang ¢ Hinh 4, gié tri ©Q; va Q4 clia cac
mau dugc tinh toan va trinh bay trén Hinh 5. Do
gi61 han cua phép do khong thu dugc birc xa
tuong tng chuyén doi *Do—Fe, nén gia tri Qe
khong duogc tinh toan trong nghién ctru nay. Ly
thuyét Judd-Ofelt di chi ra rang, gia tri Q, cang
16n thi tinh covalence va tinh bat ddi ximg cang
16n [17, 27]. Trong khi d6, Q4 & 6 lién quan dén
d6 ctg va cac dic trung khéi cua vat lidu [17].
Két qua Q2 ddi véi cac mau thay dodi tir 3.9 dén
4.6 (x10% cm?), trong khi Q4 thay ddi tir 0.97 dén
1.97 nhu dugc trinh bay trén Hinh 6 (a) va Hinh
6 (b) twong tmg. Két qua ¢ Hinh 6 cho thiy so
v6i mau c6 ndng do6 thip 0.1 mol% (mau M1) thi
khi ndng do Eu®* 16n, su bat doi xtng tai vi tri
thay thé Eu®*
qua gia tri Q2 ciia cic mau con lai so v6i mau
MI. Tuy nhién giita cac mau M2 dén M6 thi su
thay d6i khong nhiéu. Tuong tu, gia tri Q4co sy

cling tang 1én, diéu nay thé hién

thay doi 16n gitta mau nong do thap M1 so véi
cac mau nong do cao. Ngoai ra, su thay doi gia

Déi voi phat xa cua Eu®*, cudng do tich phan
ctia chuyén doi *Do—F1 (I 1(°D, —» 'F)dv)va
*Do—"Fza5 ([1(°Dy = "F,,5)dv) lién he voi
cac thong sb cudong do Q; thong qua biéu thirc
[23-25]:

> Quf (1)

A=2,4,6

QT n(n*+2)° *2)

Vi

tri Q2 ciia cac mau 1a phu hop voi sy thay d6i ciia
ti s6 cuong do R.
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Hinh 7. Toa d6 mau CIE cua cac mau c6 ndng do Eud*
khac nhau.

Toa d60 mau CIE (CIE chromaticity
coordinates) ciling duoc tinh toan cho cac buc xa
ctia cac mau c6 nong do pha tap Eu®* thay d6i dé
danh gia mau sic phat xa cia vat lidu. Két qua
toa 40 CIE (x, y) ctia cac mau dugc thé hién trén
Bang 1 va Hinh 7. Két qua chi ra toa d6 mau cta
cac mau thay d6i 16n khi ma nong do pha tap
thay d6i va nong d6 cang cao thi két qua phat xa
do cang dam, toa do dich vé vung d6 dam nhu
c6 thé thay trén Hinh 7. Tir cac toa do CIE nay,
nhiét d6 mau twong ddi CCT (correlated color
temperature) ciing duoc tinh toan thong qua biéu
thue [28, 29].

CCT =-449n°+3525n° —6823n +5520.33  (2)
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O day n = (X-Xe)/(y-Ye) v6i (Xe = 0.332, Ye =
0.186) va két qua CCT cua cac méiu duoc liét ké
& Bang 1. N6 cho thay vat liéu phat xa anh séang
“4m-warm’’ trong ving cam nhan cia con

ngudi. V6i két qua phd phat quang va toa do
mau, ¢ thé thdy cac mau M6, M7 sé& cho cudng
d6 phat quang tot v6i mau buc xa dich vé ving
d6 dam.

Bang 1. Toa d6 mau CIE (X, y) va nhiét d6 mau twrong d6i CCT cta cac miu di ché tao.

Mau CIE (X, y) CCT (K)
M1 0.545 0.433 1967
M2 0.600 0.389 1623
M3 0.619 0.374 1722
M4 0.614 0.378 1682
M5 0.623 0.370 1769
M6 0.675 0.324 3426
M7 0.677 0.322 3535
4. Két luan Sr,MgSi>O7:Eu?*,Dy®* with ultrahigh afterglow
’ performance". Luminescence (39), e4695.
Vat li¢u strontium magnesium silicate  [6] A. Antuzevics, G. Doke, G. Krieke, P. Rodionovs, D.

SraMgSi>07 pha tap Eu®* véi cac nong do khac
nhau d3 dugc tong hop thanh céng bang phuong
phap phan tmg pha ran ¢ 1200°C. Vat liéu thu
duoc hoan toan don pha Sr2MgSi2O7 va c6 céu
trdc pha tetragonal. Ti sé cudng do R va thong
56 Q2 cho thdy cac mau Sr,MgSi>O7 pha tap Eu®*
ndng do cao s& lam ting ti sé cuong d6 R va tinh
bat ddi tai vi tri Eu®*. Tir két qua pho phat quang
va toa d6 mau, co thé thay cac miu M6, M7 s&
cho cudng d6 phat quang tot voi mau bire xa dich
vé viing d6 dam.

Tai liéu tham khao

[1] X.Zhang, X. Tang, J. Zhang, H. Wang, J. Shi, M. Gong.
(2010). "Luminescent properties of Sr2MgSi207:Eu2+
as blue phosphor for NUV light-emitting diodes".
Powder Technology (204), 263-267.

[2] H. Wu, Y. Hu, Y. Wang, F. Kang, Z. Mou. (2011).
"Investigation on Eu** doped Sr,MgSi:O; red-
emitting phosphors for white-light-emitting diodes"
Optics & Laser Technology (43), 1104-1110.

[3] H.Wu,Y.Hu, X. Wang. (2011). "Investigation of the trap
state of Sr,MgSi,O;: Eu?*, Dy** phosphor and decay
process”. Radiation Measurements (46), 591-594.

[4] J. Tang, X. Liu, Y. Liu, X. Zhang, Y. Lin, L. Chen,
D. Fang, J. Wang. (2022). "Novel Z-scheme
Sr,MgSi,O7:Eu?*,Dy®*/AgsPO4 photocatalyst for
round-the-clock efficient degradation of organic
pollutants and hydrogen production”. Chemical
Engineering Journal (435), 134773.

[5] O. Hai, B. Qin, X.N. Xiao, Q. Ren, X.L. Wu, M.K.
Pei, J. Li. (2024). "The long rod-shaped

Nilova, J. Cirulis, A. Fedotovs, U. Rogulis. (2023).
"Shortwave Ultraviolet Persistent Luminescence of
Sr,MgSi,O7: Pr¥*". Materials (16), 1776.

[71 S. Thomas, J.M. Kalita, M.L. Chithambo, O.M.
Ntwaeaborwa. (2019). "The influence of dopants on
thermoluminescence of Sr2MgSi207". Journal of
Luminescence (208) 104-107.

[8] B. Yuan, Y. Song, L. Kong, C. Dai, H. Zou. (2018).
"The sensitized luminescence and tunable color of
single-component Sr,MgSi,07:Bi®*/Sm3*/Th%*
phosphor via energy transfer for white-light emitting
diodes". Physica B: Condensed Matter (550), 75-89.

[9] K.H. Kwon, W.B. Im, D.Y. Jeon. (2013). "Energy
transfer in Sr.MgSi,O7:Eu?* phosphors in nano scale
and their application to solid state lighting with
excellent color rendering”. J Nanosci Nanotechnol
(13), 4079-4083.

[10] Y. Zhai, Z. You, Y. Liu, Y. Sun, Q. Ji. (2012).
"Properties of red-emitting phosphors
Sr,MgSi.O7:Eu®* prepared by gel-combustion
method assisted by microwave". Journal of Rare
Earths (30). 114-117.

[11] K. Binnemans. (2015).  “Interpretation  of
europium(ll) spectra”. Coordination Chemistry
Reviews (295) 1-45.

[12] M. Zagrai, R.-C. Suciu, S. Rada, M.E. Picd, S.
Pruneanu. (2021). "Structural and optical properties
of Eu®* ions in lead glass for photonic applications".
Journal of Non-Crystalline Solids (569), 120988.

[13] X. Zhu, K. Yang, A. Wu, H. Bai, J. Bao, Y. Qiao, Y.
Yang, W. Li, Y. Liu. (2019). "Luminescence Studies
and Judd-Ofelt Analysis on
SiO(2)@LaPO(4):Eu@SiO(2)  Submicro-spheres
with Different Size of Intermediate Shells". Sci Rep
(9), 13065.



106 Biii Kiéu My, Ho Van Tuyén | Tap chi Khoa hoc va Cong nghé Bai hoc Duy Tan 04(65) (2024) 100-106

[14] E. Cantelar, J.A. Sanz-Garcia, A. Sanz-Martin, J.E.
Mufioz Santiuste, F. Cusso. (2020). "Structural,
photoluminescent properties and Judd-Ofelt analysis
of Eu®*-activated CaF, nanocubes" Journal of Alloys
and Compounds (813), 152194.

[15] P. Manasa, C.K. Jayasankar. (2016). "Luminescence
and phonon side band analysis of Eu®*-doped lead
fluorosilicate glasses" Opt. Mater. (62), 139-145.

[16] N.T.Q. Lien, H.V. Tuyen, B. Sengthong, N.N. Trac,
N.H. Vi, L.X. Hung, D.T. Khan, T.T. Hong. (2022).
"Combustion synthesis of BayCa(BOs),:Eu®*
phosphors and position of 4f and 5d energy levels of
lanthanides in Ba,Ca(BOs), host lattice". Optical
Materials (134), 113075.

[17] S. Arunkumar, K. Venkata Krishnaiah, K.
Marimuthu. (2013). "Structural and luminescence
behavior of lead fluoroborate glasses containing Eu®*
ions". Physica B: Condensed Matter (416), 88-100.

[18] P. Babu, C.K. Jayasankar. (2000). "Optical
spectroscopy of Eu®* ions in lithium borate and
lithium fluoroborate glasses". Physica B: Condensed
Matter (279), 262-281.

[19] E.M. Bouabdalli, M.E. Jouad, N. Gaumer, S.
Touhtouh, A. Hajjaji. (2023). "Structural, optical
behavior and Judd-Ofelt analysis of europium-doped
silicophosphate glasses for red-emitting device
applications”. Journal of Luminescence (256),
119640.

[20] M.H.VV. Werts, R.T.F. Jukes, J.W. Verhoeven.
(2002). "The emission spectrum and the radiative
lifetime of Eu® in Iluminescent lanthanide
complexes". Physical Chemistry Chemical Physics
(4), 1542-1548.

[21] A. Ciric, L. Marciniak, M.D. Dramicanin. (2022).
"Self-referenced method for the Judd-Ofelt

parametrisation of the Eu®* excitation spectrum".
Scientific Reports (12), 563.

[22] W. Luo, J. Liao, R. Li, X. Chen. (2010).
"Determination of Judd-Ofelt intensity parameters

from the excitation spectra for rare-earth doped
luminescent materials”. Phys Chem Chem Phys (12),
3276-3282.

[23] P. Manasa, C.K. Jayasankar. (2016). "Luminescence
and phonon side band analysis of Eu®*-doped lead
fluorosilicate glasses”. Optical Materials (62), 139-
145,

[24] N.T.Q. Lien, N.N. Trac, P.V. Do, H.V. Tuyen.
(2022). "Judd-Ofelt analysis of Eu®* and adjustable
emission in  Eu*/Eu**  co-doped  sodium
aluminosilicate glasses". Journal of Physics and
Chemistry of Solids (164),110637.

[25] D. Van Phan, V.X. Quang, H. Van Tuyen, T. Ngoc,
V.P. Tuyen, L.D. Thanh, N.X. Ca, N.T. Hien. (2019).
"Structure, optical properties and energy transfer in
potassium-alumino-borotellurite glasses doped with
Eu®* ions". Journal of Luminescence (216), 116748.

[26] X. Joseph, R. George, S. Thomas, M. Gopinath, M.S.
Sajna, N.V. Unnikrishnan. (2014). "Spectroscopic
investigations on Eu** ions in Li-K-Zn
fluorotellurite glasses". Optical Materials (37), 552-
560.

[27] K. Selvaraju, K. Marimuthu, T.K. Seshagiri, S.V.
Godbole.  (2011). "Thermal, structural and
spectroscopic investigations on Eu®* doped boro-
tellurite glasses". Materials Chemistry and Physics
(131), 204-210.

[28] G. Lakshminarayana, S.O. Baki, A. Lira, U. Caldifio,
AN. Meza-Rocha, I.V. Kityk, A.F. Abas, M.T.
Alresheedi, M.A. Mahdi. (2018). "Effect of
alkali/mixed alkali metal ions on the thermal and
spectral characteristics of Dy*":B,03-PbO-Al,Os-
ZnO glasses”. Journal of Non-Crystalline Solids
(481), 191-201.

[29] C.S. McCamy. (1992). "Correlated color temperature
as an explicit function of chromaticity coordinates".
Color Research and Application (17), 142-144.



