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Synthesis and Luminescence Properties of Eu* doped LaBO; Phosphors
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Abstract: LaBOs:Eu* phosphors with different crystal phase were prepared by heat treatment precursor prepared
by hydrothermal method. The structure, morphology and luminescence properties of the samples were characterized
with X-ray diffraction (XRD), field emission scanning electron microscopy (SEM), infrared spectroscopy and
fluorescence spectroscopy. The effects of boric acid dosage, heat treatment temperature, and initial solution pH of
precursor on structure and luminescence properties of the samples were studied. The results of XRD showed that
the phosphors with orthogonal structure, monoclinic structure and both phase mixed structure can be obtained.
LaBO; with pure orthogonal structure can be obtained by heating treatment at 700 °C for precursors synthesized
with initial solution pH=8 and molar ratio of rare earth ions to boric acid of 1:3 and 1:4, respectively. It is
convenient to obtained phosphors with orthogonal structure at proper boric acid dosage, higher heat treatment
temperature and higher initial solution pH value. Infrared spectra showed that the change of initial solution pH
and boric acid dosage effected the composition of precursor, and the heat treatment temperature effected the
crystal phase transformation. SEM showed that particle size of LaBO;:Eu** phosphor decreased with the increase
of initial solution pH, which were consistent with the results calculated from XRD. The excitation spectra of
samples consisted of the broad band in a range of 200~350 nm and another weak narrow lines in a range of 350~
450 nm, which were assigned to O>-Eu** charge transfer band and f-f transitions of Eu’* ions, respectively. The
emission spectra of samples consisted of sharp lines ranging from 500 to 750 nm, which are associated with the
transitions from the excited °Dy-"F; (J=1, 2, 3, 4) of Eu** ions. The main emission peak at 615 nm was due to the

Dy-"F, transitions of Eu’*, the peak at 593 nm was attributed to *Dy-"F, transitions of Eu**. The excitation and
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emission intensities are related to the structure of the samples. LaBO;:Eu** with orthogonal structure has higher

ultraviolet absorption and higher emission intensity with pure red light.

Keywords: phosphors; LaBOs:Eu*; hydrothermal method; heat treatment; luminescence
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prepared at different heat treatment temperatures
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Fig4 SEM images of LaBO;:Eu* luminescent powders prepared with different pH values

pH=6.7 .8), Ml 5 thal LI 3 LS TE 3 420
em™ HYBLTE A AT 1635 em™ Kb IR 43
Xof 07 T HiF AR AR T OH- RIS 5 7K O-H % fif 4 4i 2
WA RN A R Bl 06 L 1 385 em™ AR IR IS BO,
Al B-O B S0 FR A 47 4 2l 1,990 em " Ab 1Y W2 Wi i
i BO, P11 B-O 11 5 % FR A 45 P gh 121 719
em™ ARWIS ISR B-O 19 & 4k s g2 R [R 22 4k 3
BN pH=7 A1 8 [ HTURARTE 1 485 em™ A4 A58 1)
NO; FIA X FR A 4 4 sl BO, & H#l BO, JE A i
Bl W WU R X R B AT TSR], B pH B =, BO,
FE VAR sl B ARG 30 U0 BA AT IR M4 e BO, JE AT 1Y)
Feldghn, pH (A i 82 rT 2 HiBO, /K i , 23 el As
T Z 1 [B(OH),] B F £k, #F 17 2k 48 /iy 3K 4K rf BO, 1
BO; SEH 53 AR R FH 4 | [RIRE ] 08 R & P B

NN S

N\
N\

500 1000

pH=6

g
\

719 /
9905

I
3420

= | 1385

500 2000 2500 3000 3500 4000
Wavenumber /cm™!

K5 RIE pH {H A 8T IR Y 20506 i
Fig.5 Infrared spectra of precursors synthesized with

different pH values

(OH), &5 F50 X UL WU pH A A0 2 FH £ 23 52 1)
ISR AR B 4, 28 T A RS2 W) 22 S0 1) A A 544

R Y 2 I 5 IR AATE AN [ A A B FE R
AR B g FRATILT pH=8, 7 + B 7 5 il
Yy Jo 1) 5 2 L6 123 B G 8 P T K AR 28 S [ il R A
AR FRHN 25 1Y LaBOsEu* &G K BILLAMGTE (K] 6), M
EI R AT UL 5 AFES A AL T 3 440 em™ AL WIS
B ARSI K TR O-H M dadiR s 51k, 500 CH
il A £L AR G375 7 T 1 385 em™ &b A9 I Wi 05y
BO; 2 B-O 1 5O FR AR 4 IR s T 1 030 em™
ik BO, JEHT 1 B-O 1 K Bk A 45 41 gh 10| 5 i 9
(5, pH=8)4H L. B i 28 55 | 723 em™ Ab 1) W i 0
HJ&E R B-0 & ik zh 152 600 CHALL I AR A
R H) LaBO; BIZLAMGIE T 1 256,950 em™ 4L 7Y

W‘\"’\K’ 800 C

ﬂi(\fv\//—_v_‘_\m
S =
\::S = e
g

Y\w\ F\/ 650 C

ﬁ\\h\/ 600 °C

= 2 2
m\\:/—w
500 ‘C

500 1000 1500 2000 2500 3000 3500 4000
Wavenubmer / cm™!

K6 ARRE G BE LaBOsEu® 261 RYZLAME i
Fig.6 Infrared spectra of LaBOyEu* luminescent powders

prepared at different temperatures



280 Jd Hl fk

#o% 4R %36 &

W WS Ay BOs 3 A B-O B2 % 4k A 45 i 2y % i
A ¥z 5,748 632 cm™ AWl BO, $E 1] B-O &
Mi#R2h, M 700 F1 800 CH AL FEARAG (1) 1E 58 45 14 1)
LaBO; MY ZL AN ETE I AE 1 296 941 em™ &b (1) W Yic I
i BO, 3 B-O X FRAH 45 4 2 FUXEBR A 45 4ig 20
722 .613 em™ AL W% BO, £ Hl B-O 25 M 4k 3
@127 ANETE R Y BOs T ARAE  JF LRI TR
IF] ) A4 BRI BE 23 LaBO, & B ARG 628 i 4%
55 SCHReIRIE Y 45 AN — 3,

PR} AR AR RN IE 28 A AH LaBO; 23 3@ 1 5 i AH 1
IR AR 76 A i 72 v B 25 TR 0 T R A e I AR
i AF | FREAH (755 A ) — BRI IE 28 AR TR G — 1 28 A
(IR AR), P DIV 555 38 A 2GR AH 1) 4% £k ) Sk
AH— B T REJE 1 FEERARIR T, i SR R T2 i 44
Kt AR ARTE R 2 T g /AN RS kL /N RS
B AR RTRE, SEMEETH TR R Ak 2E3am
AT R A
2.3 LaBO;Eu*%& St # B9 %& St 14 &8

B 7 DL 615 nm MUEE K, # £ 5T
AR 4 5 1) 1 22 HE R 1:3 AN TA) pH (R A 0 1 i 4K
K2 700 CHAL AR AR 258 LaBOyEu® &G
W K T N Tl & | A R OGS T AR AR
o, ¥ )& i 200~350 nm 9 5874 F1 350~450 nm Z [H]
A /NIRRT, HH 200~350 nm A 98 S B
Eu®-O> Z A [ B ff i A T 5 2 19, 1 350~450 nm
Z I WA T /NOR R AT Eu™ 8 & Re i fof BR
TR WHOR SR BE B pH E 3G 0 im0 B Y
B H pH>7 W3R A% K& Mk (IF 38 4549 ) i k5t 1 B ik
W Sy Ah TR E] pH<T B FE S (SRLARHES ) I &
T T T R W SR BE AR T AL T 391 nm ALK A

700

pH=10

Intensity / a.u.
w
=4
T

200 250 300 350 400 450
Wavelength / nm
B 7 KNIE pH {EA B LaBOsEu™ & G H Bk 615 #
Fig.7 Excitation spectra of LaBO3:Eu* luminescent

powders synthesized with different pH values

F BB B RE R fof BRAT SR UEIZ A T A L
A B RS R R i 2 AR T R OG0 Eu® Z IR fE
ik

&l 8 Ja 7 ik Jor W W i 5 05 4b (257 1 270 nm) Y
WO WK IR LaBOsEu & G K 1Y & J1 635 .
Elthal & | LaBOs:Eu® & OG22 T 591,
615.653.683 1 702 nm 4t 4 41K G4k, e 114>
SR F BB 710 SD—"F(J=1.2 .3 4) W FE &
SFPUGEDO R SR 1 7 B AR T A AR | R R R B
i) 5s Fl 5p PUBEXS A BER/E R, AT Midp e
FXT fof BRAE RS2, NE o] & | K a3 B
pH E RS2 =TSR . 456 XRD WFFE4i R (14 3), A
AT AT SR BE (1) 3 AFE L B B IE A A5 (] 8~
8e) , AR & S 5 BE A AE o AR5 4 (18] 8a) , TR G A
B Al ) 2 S 5 B R LU B ARHES R R R (B 8b),
RHE5 R ARSI SR IR A A5 KO AL T 615 nm
b SD—"F, W HE A ERT S 591 nm &b SD—'F, 1
BB BR AT 5 BE AT, 3 150 W) PR AR5 ) v b 7E X R oh
O B X R O A% A7 1) Eu® B FECH AT, B
IEZE SR b, 615 nm &b SDy—"F, 1Y HL A B BR A 5
JE5R T 591 nm &b SD—"F, WG R AT | 3 Ui B 1E
LAY LaBOs:Eu® ' B 7 Jay SR 58 P o 4 JE X
FRepu g AL IR 2, 11 Dy F, FE I ER AT
MJLEE H &SGR B b pH (E 52 & 1m0, 15007
A5 B AR RS B pH A Y B S DS R Y AR
R A BEAR &G0 B ROf 8 N, X ] g 5 & B
Al BRBE R G, o3 Ah  RATTTHIE T 45 B A 1 €5 A
(K 9,1, i), pH=6.7.8.9.10 K {4 b5 53 %l
M a(0.627 4,0.371 9).b(0.634 8,0.364 4) ¢ (0.645,

700

600+

500+

Intensity / a.u.
[3~] w S
[=3 (=3 =3
.. %

._.
=)
i

-100

500 550 600 650 700 750
Wavelength / nm
(a) pH=6, (b) pH=7, (c) pH=8, (d) pH=9, (e) pH=10
K8 Al pH fH & B LaBOsEw* A& 6Ky B9 & it 61
Fig.8 Emission spectra of LaBOyEu® luminescent

powders synthesized with different pH values



fIE €4 Eut B 24 10 LaBO, JE0CH ) 4 % L HE R 231

04 05 06 07 08
X
K9 A pH A A LaBOsEu & B Y €4 4L bR
Fig.9 Color coordinates of LaBO;:Eu* luminescent

powders synthesized with different pH values

0.355).d(0.645 1,0.354 4)F1 ¢(0.644 8,0.354 7), "I
UL IEZZH LaBOyEu™ & Y6 M 4l i IE 2106 K 4t

3 & it

R K B A BURT IR AR | 5 2 i 3 7 = &
T LaBOsEw*2¢ k. XRD 454 % W LaBOyEu™ k&
JERY I SAR SR L ) AR BROR | A AT R AR
pH {EA ¢ TESLIR AT | B & B2 FH i ik 3R
TR pH (R BE I FE 5 0 S5 K B SRR AR Oy
IEZEZE R LaBOsEu™ &G, 2LAMEIESE R IR
B WA A 38 2o AR T B B A3 % R AR S5 A AT
B | I Bk — B E S 54 A8 S5 R A O¢  SEM
SEREW, WmEETFEMREY RN REZ LR 1
3,700 CH AL HL ARG 1Y LaBOy:Eu* 9 3 B & pH
(ENEOB DI\ U A7 SU T WA NI E RS, (B e B | ey
RO, BRGS0 R Gk B T RO TG
Eu*Z [ B RE A5 38, 1E S S5 H8) A6 M e o BE 4K
%, H 615 nm &b SD—"F, B HL A A BR T 58 R 5 T
591 nm &b *Dy—"F, BIREMEIERIE | X Ui W] IE A 45 1)
) LaBOsEu* ' Eu® 7 J5 PR 58 P o 48 JE X B s
AR Z , 15 T D "F, BB ERE /L
OB pH AE A U &Gk A o BE IG5 ALY
AL bR R | FRAS I IE 2 LaBOsEu™ & 6k kR
BOMEEIE LT R T,

SE .

[1] NING Hong-Yu('7* % F°), CHEN Zhi-Yuan(# & i2), DONG
Chao(H##), et al. Chinese Journal of Luminescence(X % %
R), 2018,39(8):1087-1094

[2] WU Zhan-Chao (%2 i #), WANG Shuai(E i), LIU Jie(X!
). New Chemical Materials(1¢ T #7 2 41 #}), 2015,43(13):
13-15

[3] Wang D Y, Chen T M, Cheng B M. Inorg. Chem., 2012,51:
2961-2965

[4] Wei H W, Shao L. M, Jiao H, et al. Opt. Mater., 2018,75:442
-447

|5] Lakshmanan A, Bhaskar R S, Thomas P C, et al. Mater.
Lett., 2010,64:1809-1812

[6] ZHU Fan(4 ML), YOU Fang-Tian(Hi 35 F1), SHI Qiu-Feng(Hf
FKIUE), et al. Chinese Journal of Luminescence (& 3 % k),
2015,36(7):751-756

|7] Srivastava S, Mondal A, Sahu N K, et al. RSC Adv., 2015,5:
11009-11012

[8] GAO Rong(#5 %), ZHANG Zhi-Jun(3K & %%), ZHAO Jing-Tai
(B 5% 7%). J. Chin. Rare Earth Soc.(*F B # L % i), 2014,
32(4):387-396

[9] MA Jing(5 ), ZHAO Wan-Nan(# % %), LI Yan-Hong(7
HtZL). Chinese Journal of Luminescence (X} % ), 2018,
39(9):1213-1219

[10]ZHAO Wan-Nan(# % 5 ), MA Jing(= i), ZHANG Zhen-
Qian(5KIRHZ), et al. Journal of the Chinese Ceramic Society
(FEBR 3k 3 3R), 2017,45(4):526-541

[11]Sari S, Senberber F T, Meral Y, et al. Mater. Chem. Phys.,
2017,200:196-203

[12]Liang P, Liu J W, Liu Z H. RSC Adv., 2016,6:89113-89123

[13]Grzyb T, Kubasiewicz K, Szczeszak A, et al. Dalton Trans.,
2015,44:4063-4069

[14]Yi H, Wu L, Wu L W, et al. Inorg. Chem., 2016,55:6487-
6495

[15]LI Qi-Hua(% HA4E), LIU Li-Min(X F] ), ZENG Li-Hua(%%
SLAE), et al. Chinese Journal of Luminescence (£ % 5 1),
2006,27(2):183-186

[16]Rambabu U, Han S D. RSC Adv., 2013,3:1368-1379

[17]DONG Yan(##7), JIANG Jian-Qing(¥ 2 ¥), XIAO Rui(H
%), et al. J. Chin. Rare Earth Soc.(*F B # £ % i), 2004,
22(4):201-205

[18]Zeng Y B, Li Z Q, Liang Y F, et al. Inorg. Chem., 2013,52:
9590-9596

[19]YIN Xin-Hao(F* #75%), LI Yun-Hui(% = #), GAO Ying(#s
%), er al. Chinese J. Inorg. Chem.(FAALF F 1K), 2014,30
(9):2064-2074

[20]GUO Fan(387), FU Pei-Zhen(f# i), WANG Jun-Xin(F



282 M

e

#o% 4R %36 &

RN, et al. J. Synth Cryst(A T &4k 5 3R), 2000,29(5):16
[21]LI Lin-Yan(Z=MH), LT Bao-Guo(Z & ), LIAO Fu-Hui(%
W), et al. Acta Phys.-Chim. Sin.(4 240 % 5 3Rk), 2005,21
(7):769-773
[22]Jia G, Zhang C M, Wang C Z, et al. CrystEngComm, 2012,
14:579-584

[23]Gadsden J A. Infrared Spectra of Minerals and Related

Inorganic Compounds. London: Butterworth, 1975.

[24]Qin C X, Qin L, Chen G Q, et al. J. Nanopart. Res., 2013,
15:1827-1836

[25]Shmyt" ko T M, Kiryakin T N, Strukova G K. Phys. Solid
State, 2013,55(7):1468-147

[26]Cansin B, Okan E, Aysen Y. Solid State Sci., 2012,14:1710-
1716



