Chinese Physical Society

M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

Na,CaSiO,:Sm3t, Eult S B & Fe4F RGeS 1518
o A BT wrU WM AHAER FEE X REFMMNEL

Luminescence properties and energy transfer of Na,CaSiO,:Sm?*+, Eu3* phosphor
Su Xiao-Na Wan Ying Zhou Zhi-Xuan TushaguAbuduwufu Hu Lian-Lian AierkenSidike
5| 1% & Citation: Acta Physica Sinica, 66, 230701 (2017) DOI: 10.7498/aps.66.230701

1E 251515 View online:  http://dx.doi.org/10.7498/aps.66.230701
AP %R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/123

el /\i_ﬂ'lﬁﬁi’.fzi

Artlcles you may be interested in

B2 oG R R G HOC R T DR o b
Beam shearing characteristic analysis of interferometric hyperspectral imaging system
YE = 4.2017, 66(19): 190704  http://dx.doi.org/10.7498/aps.66.190704

S ALAR IS H 5 23 F V3 TE A BT IR BOR

Channeled spectropolarimetry based on division of aperture and field of view
PP 27 4%.2016, 65(8): 080703  http://dx.doi.org/10.7498/aps.65.080703

BT Ha 2042 % Gabor HEZET 7 ik /R Nyquist KA 5 H A4

Sub-Nyquist sampling and reconstruction of short pulses based on Gabor frames with exponential repro-
ducing windows

PP 2EH%.2015, 64(7): 070701  http://dx.doi.org/10.7498/aps.64.070701

Z om0 OGO AR 5 M
The polarization-difference interference imaging spectrometer-ll. optical design and analysis
YIH % 4.2014, 63(11): 110705  http://dx.doi.org/10.7498/aps.63.110705

— D [ £ SR O A R T V2RI
Investigation of information bandwidth oriented spectrum sensing method
VP22 4%.2014, 63(3): 030701  http://dx.doi.org/10.7498/aps.63.030701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.230701
http://dx.doi.org/10.7498/aps.66.230701
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I23
http://wulixb.iphy.ac.cn/CN/abstract/abstract70842.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70842.shtml
http://dx.doi.org/10.7498/aps.66.190704
http://wulixb.iphy.ac.cn/CN/abstract/abstract67089.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67089.shtml
http://dx.doi.org/10.7498/aps.65.080703
http://wulixb.iphy.ac.cn/CN/abstract/abstract63715.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63715.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63715.shtml
http://dx.doi.org/10.7498/aps.64.070701
http://wulixb.iphy.ac.cn/CN/abstract/abstract59493.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59493.shtml
http://dx.doi.org/10.7498/aps.63.110705
http://wulixb.iphy.ac.cn/CN/abstract/abstract57591.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57591.shtml
http://dx.doi.org/10.7498/aps.63.030701

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 23 (2017) 230701

Na,CaSiO4:Sm3t, Eudt 23l

& ICHF A

bk AR R AEE

AN T AEE

o =5

REEHIE"

BRI RE A

CRRSBITIVE R 2%, SBrSBn WSO Rl B L as sl =, BE AT 830054)

(20174 4 A 27 HURE; 2017 4 7 H 25 HUEMEEH )

I o T Y B B Nao CaSi04:Sm3 ) Eu®™ R AR AR, B 7 Sm®t fl Eu®T 5245} NagCaSiO,
A ARG A B R I AT RE R R I AR AP TE I R AL I R X R ATH45 RR B Sm3 T M1 Eu®t 145 LIk
b 5 N BRI NagCaSiOy 451, RS MR 828, NapCaSiO4:Sm®t PR 7E 404 nm AR K T 230
WU AE 9 602 nm IURE L0456, KIHT *Gs /o — CHyjo BT, NapCaSiOg:Eu®t ZEHEFH7E 395 nm UK
B RS H SIS 613 nm FILE TG, 06 RE RIS 75 dr i IR 20 1 45 SRR B St 5 Bt 2 [
TFAEREE AL, W PR S 2] SmP Y R BT 2 (A I RE AL % 16 S E 558 1.36 nm, A B4R Bl

- B PUARAR AR . B Eu®t 329K B 1, Ab &

R 8#17): NayCaSiO4:Sm?t, Eudt, Z0t K6k b}

PACS: 07.05.Hd, 07.60.Rd, 06.60.Ei

15 =

R JUES, W LB T B RMERE. 5K
SR RO MR R R . 54
(3L 7 R e AR B, TERR £ 450 B b2 fa e
PE B KPR T A TR TR A, DA A AR
i WK 1 Y Bl 98 A5 R R, M ZE TR T |
RN A (LED). SR 28 4k B A T2 1
H, 51 T2 55 B0l o B RERR £h 45 H 1
NaoCaSiOy 1 Jv 2 57 I 70 B 7R B B R . 2011
£ Shi %5 O R 7T T NagCaSiO4:Eut 7 61t
i, RGBS B RCR R Lt
E R WA A E N A A, 2012 4F 5
7574 UV B T NapCaSiOyx:R (R = Ce3t, Th3T,
Eudt) MRl IR T HAELICME TR
. 2013 4F Xie 25 81 R I NayCaSiOg:Eudt %

* [E K HARIESE G (HHES: 11464045) BEIHFEREL.
T #{E/E#H. BE-mail: aierkenjiang@sina.com

© 2017 FEYIEF S Chinese Physical Society

3 R MIZ B v 55 20.6%.

e AL iE

DOTI: 10.7498/aps.66.230701

FEFE S Bt (4R T RS AL, RAE T AR S
o % FL 6 M R AT 40 M. 2014 4F Liu 25 1) 1
% 7 NagCaSiO4:Ce3t Al 628 k. Sm3t
LN i ol Rl N P e SR (U RA WD b GBI
T, Sm3t A Bt [BEHLEMAAL 55T Sm3+ Al
Eult BB RGN ARE LR 2. &
T, —SESCRRARIE T AN AR R S SmPt fl Eut
Jei AR IR fit B 3 R % e S O~ Bl 3 X AT
WLCFIEOE LED D655 B ML 6wtk
TR BT, Sm3t MBS KI%E T Bk kB 5
£, 1H3%F NagCaSiO4:Sm3t, Eudt 5t tEaen)
Wi E D, AR SR A IR E AR A s — &R 5
NayCaSiO4:Sm?t, Eudt Z0 (5 Yok, W5 17 Hok
FOREHERE, RT3 R Sm3t Fl Eudt A
IR RALIBEHLEL, f NapCaSiOy:Sm*, Eu®t A8
BN A LED H R H 208 IR

http://wulizb.iphy.ac.cn

230701-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.230701
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 230701

2.1 FEHMFIE

A &R AEVE & BLF 5% s MOk
NapCaSiOy4: x%Sm3T (2% N5 44 Ji 1 7r 50, B
B, FH; 2 =0.5,1, 2, 3, 4), NayCaSiOy:
y%EWT (y = 0.5, 1, 2, 4, 8, 12, 14), NayCaSiOy:
2%Sm*t, y%Eut (y = 0.5, 1, 2, 4, 8, 12) R
Hokr. FH AL104 B RSP Nap CO3, CaCOs,
H,Si03, SmaO3 Ml Euy O3 (¥ N A4k 7)), 44
XGRS A b 78 2 BB . AR R
N FENRE G5, TNE &K GRE, B B i
1) JE ) 2 N NI M R N AR SR BE A, 7R AR
AN TF 1150 °C AR e 3 h. Bk 58 B MR
A A 2w, BT IS S R K.

2.2 XA E

K H A B 3 XRD-6100 8 A A7 5HACHEAT
WK % RS R A . MR & R XOB YR
N Cu-Ko B 28 (B KA = 0.154178 nm), T4
JEA40 kV, TAEHR N30 mA, #2076 H A
10°—70°, FHEEE N5 (°)/min.  FE & HOR
RO 1 A 5 O A5 w4l 9 [ 92 T & FLS920
B RR A5 /I 7 ¢ 6 O 1 Ol &, I 2 Y Bl N
250—900 nm. ZEME L FEHH 450 WIRAT (Ushio
UXL-500D) & Aok Ui, fRAE 5256 7% Rz BUE
2 PRI TS AE I AN 1 Ak DAV BRIOR O
TR0, B I e = i R T

3 #R5iT#
3.1 XTS5

Kl 18 # i NagCaSiOq:a%Sm?*t, y%Eu®t (z
=0,y=12% 2 =2,y =0, 2, 8, 12) I X iF £k
fiTht (XRD) . NayCaSiOy &7 )5 451, |8 T
Poy3 I, Sk HE a = b = ¢ = 0.7497 nm, ##
A d = 0.904 nm. B 1AW, Sm3t Ml Eudt
IR BEAB T, G BRI R 400 TE 1) S Al AT 5
A7 B 5 NagCaSiO, (JCPDS#24-1069) Arifk+ Fr
FA . ARSI M BT 152K A 5] i
B AL SR AR F 2%, BB 2R Sm3 T, Eudt

(R i 5 4 R A B Smp O3, BEug O3 [ 24 i g,
YA Sm3t, Evt CA B ANER K. 4
Sm3 Fl Eudt 5 J R FE R I, R IR 45 o R
i, HPLT > NayCagSipO7 (JCPDS#10-0016)
AR, BT AR

5o S = > Fr=2
- 3 a Q a y=12
& LT &8 = S
A A A A
r=2,y=8
A A A
.j; r=2,y=2
2 A A A
&
5 r=2,y=0
A A A
r=0,y=12
A A
JCPDS+#24-1069
| . A 4
T T T T T T T T T T
10 20 30 40 50 60 70
260/(°)

F1 NapCaSiO4:x%Sm3t, y%Eu3t 1 XRD K
Fig. 1. XRD patterns of NagCaSiO4:2%Sm3+, y%Eudt.
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Fig. 2. (color online) Emission spectrum (blue line) and ex-
citation spectrum (red line) of NasCaSi04:2%Sm3*. The
inset shows the emission intensity of NasCaSiO4:x%Sm3t

as a function of Sm3+ concentration.
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Fig. 3. (color online) Emission spectrum (blue line) and
excitation spectrum (red line) of NayCaSi04:12% Eu3t.

The inset shows the emission intensity of NagCaSiO4:y%

Eu?t as a function of Eu3t concentration.
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Fig. 4. (a) Emission spectra of NasCaSiO4:2%Sm3,
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6H5/2 level of Sm3+.
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Fig. 6. Energy transfer process of Sm3+ and Eu3t.
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Luminescence properties and energy transfer of
Na;CaSiO4:Sm3t, Eu®t phosphor*
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Abstract

A series of NayCaSiO4:Sm3™, Eu®" phosphors is prepared by the high-temperature solid-state reaction method at
1150 °C, and their crystal structures, luminescent properties and energy transfer phenomenon influenced by Sm®** and
Eu®t are studied. The X-ray diffraction results indicate that the samples single- and co-doped with Sm®*t and Eu®*
keep single-phase and no impurity phases are observed. At the excitation wavelength of 404 nm, the NayCaSiO4:Sm>*
samples emit narrow-band spectral fluorescence with lines composed of peak-to-peak values of 565, 602, 650, 713 nm,
which correspond to the electronic transitions of Sm®* from the ground state level 4G5/2 to 6H5/2, 6H7/2, 6H9/2, and
5H, 1/2- On the other hand, the NayCaSiO4:Eu" sample exhibits red emission with a peak-to-peak value of 613 nm at the
excitation wavelength of 395 nm. The analyses of the spectrum and lifetime of fluorescence show that with the increase
of Eu®" content, the emission intensity of Sm®" decreases and the emission intensity of Eu®" increases. Moreover, the
lifetime corresponding to Sm3* at 602 nm decreases gradually. It is indicated that the energy transfers from Sm3* to
Eu®". The critical distance of energy transfer is 1.36 nm, which is calculated by the concentration quenching method.
The energy transfer mechanism is ascribed to the quadrupole-quadrupole interaction. As the Eu®* doping concentration
Ryt

increases, the transfer efficiency increases to 20.6%. In conclusion, the NasCaSiO4:Sm phosphors may be used

as a red component for white light-emitting diodes.

Keywords: NayCaSiO4:Sm?t, Eu®t, red luminescent material, energy transfer
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