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Energy transfer and luminescence properties of CayGd(BOs);0:Th3* phosphors

Hyo Seok Kang

Department of Physics

Pukyong National University

Abstract

Tb3*-doped CasGd(BO3)sO phosphors were synthesized by solid-state
reaction at high temperature in the air atmosphere. The starting chemicals were
CaC0399 %, H,BO3 99.5 %, Gd,03 99.99 % and TbsO7 99.9 %. The formation of
single-phase Ca,Gd(BO3);0 were.confirmed. by X-ray powder diffraction analysis.
No obvious impurity phase was observed. The emission and excitation spectra of
Ca,Gd(BO3);0:Tb** (0.1, 1,10, 15 mol %) are investigated under the ultraviolet
(UV) excitation at room temperature. The excitation lines due to the 8S;, — ¢,
and P, transitions of Gd3* are observed at around 277 and 315 nm in the
excitation spectrum of Ca;Gd(BO3);O:Tb**. Intense green emissions due to the
D, — ’F;(J = 3;4, 5, 6)-transitions of Th?* are observed under the UV excitation.
The relative intensity. of the emission due to the °D3 — 7F;(J* = 4, 5) and °D; —
'Fy() = 3, 4, 5, 6) transitions_under excitation at'277 nm depend strongly on the
Tb** concentration in CasGd(BOs);0. Particularly, the green emission transition
°D, — Fs at 486 nm has been found to the be more prominent and intense. It is
found that the energy transfer from Gd** to Tb** occurs in CasGd(BO3);0:Th** for
UV excitation. The maximum luminescence intensity of Ca,Gd(BOs);O:Tb3* is

obtained at the Tb3*-concentration of 10 mol%.
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Atomic # of

number Ions 4f electrons
57 La3*
58 Ce3+ 1
59 Pr3* 2
60 Nd3* 3
61 Pm3* 4
62 Sm3* 5
63 Eult 6
o4 Gd3* 7
65 Tb3+ 8
66 Dy3+ 9
67 Ho3* 10
68 Er3+ 11
69 Tm3+ 12
70 Yb3+ 13
71 Lu3* 14
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2 UMz CaGd(BO3):0 2%t Th** 7t gdH=z HIte
AN2E dstRALt. Z& Alze D" 25f g Qlnt 28 5 <
Z0| CasGd(BO3);0:Th** & Btdst7| 8l CaCos (Sigma-Aldrich, 99 %),
Gd,0; (Sigma-Aldrich, 99.99 %), H,BOs (Sigma-Aldrich, 99.5 %), Th4O-;

(Sigma-Aldrich, 999 %)& N2 FAE M g 1 2252

%
H

of
0| EHBIGUCE BTE CaGd(BO:);:0:Tb> 2 H7|Z0jA 350 °C Of| A
8 AlZh 3}AstD LCHS 650 °C OfAl 8 AlZt B4 BlQiCt Opx|eto =z
1400 °C Ol M 10 A|ZF 3t4 BIQICE 3 SRR HILE Tb* o 52

- =

0.1, 1.0, 10, 15 mol% Z 245l UL.
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Raw material

CaCO;, Gd,0;, H;805 Tb,0;

Hweigh

Grinding and Mixture

Stepl, Step2

N\

Heat - Step 1(350 °C, 8H) '- Step2
(650 °C, 8H) - Step 3(1400 °C, 10H)

M Step3

C34Gd(803)302‘rb3+
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4. 20t H =

|O

41%-M 3" 2A
Tb3* 0| 20| 0.1, 1.0, 10, 15 mol% & 7}=l Ca,Gd(BO3);0 A|Z2| A
Hag =0l 57 s 26 = 10 ° - 70 © FZto|A XRD I{EHEZ FEHSIRA

03 ZS 38 6 of LEFLRACE OF 6 oA & 5+

T A

ofn
>
HU
mn
rlo

CHAMO Z A JCPDS(50-0390) 7tE0| 20zl 22 &t & XSt

AR k0| QARHRIRN 5 % Qtofl ERtE| AL O Albs Gd** Ap2|of

Tb** ©| 15 mol% S0{7}E Ca;Gd(BO,);0 PEHsI7} 9SS o|n| o}

Ca,Gd(BO,),0:Tb*" 15 mol%
.-.L“ AR WMJLM). M_mlmm A daimie]

M Ca,Gd(BO,),0:Tb>" 10 mol%
WO S S, 1TV ERSTRRTIY . A
Ca,Gd(BO,),0:Tb>" 1.0 mol%

Intensity (arb.unit)

(ﬁ Ca,Gd(BO,),0:Tb** 0.1 mol %
RS N SR 1 (YT T U N BT VO P A

JCPDS 50- 0390

, L : L ‘ ol \,‘ \I\ H\‘ b g
10 20 30 40 50 60 70

2 Theta (20)

a2 6. CasGd(BO3)5Tb** o] XRD I{E.
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4.2 Ca,Gd(BO3);0 Off ®It & Tb°* o of7| & & 2

|
=l

E &
— O

12 7 2 486 nm (Tb* ©| 5D, — 7Fy) HBS DL|EASIY =
M3t CasGd(BO3);0:Tb3* (10 mol%) o] 07| A= EZO|Ct. 240 nm 0
M "Fe — °Ky; MO| I3, 263, 273 nm Of|A F¢ — °Kg MO| I3, 380
nm O|A 'Fs — °G¢ 2 0| mA7} LIefEf. J2|0 mfE 273 nm g
AollAM Z[C§ m|AIt LEEFHCE 315 nm OfAl Gd** 9} %Sy, — °P, O]
I 37} LFEFECE T3 2] 220 - 260 nm Yo He HiE = Th3* 9|

oA f-d Fojo ofgk Z{o|ch. O 7 0N Th* J&= ZLE 0]

i)

Hot 07| AHEROM Gd** O7|M0| LiEtLE Z2 Gd** O A
Tb** o ofHX| o] ASS ofOjettt. 18 8 2 Gd** & Tb** 9
O HX] E{I=HO|EE 0f7| AT E AHO|A] LtEFH Gd** oF Tb** 9 of
HX| EQAMES FAUEZE BEAISRLE 315 nm &= Gd3* 9| of7| m&

0|1, 240, 263, 273, 380 nm = Tb** ©| of7| mAEO|C}

20



L (Tb3+) 7F

Luminescence Intesity(arb. units)

273 nm
K

6_s 9
263 nm

}\'em =486nm
——Tb* 10 mol %

a2 7. 486 nm d@&S DL EHZSH0 =H5E CayGd(BO;):0:Th3 9 ¢

7| AmE2]

Wavelength(nm)
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Energy (x 10° cm™)

70 -
B 4
Fy
60 P GHJ
55 |= — ]|
50 - 6GJ
s E f - d band
ST
40 |-
-3 6DJ
35 = 6IJ
PRRTIgCTS e -
30 b P
25
20 b £
c
B LN
15 b b
10
5 =
0o L 8S
Gd* " Tb* Fs

2 8486 nm Of|A{ CasGd(BO;);0:Th** & 0Of7| 3t QHX| =9 =E.

315 nm & Gd** o] 0f7| mE, 240, 263, 273, 380 nm = Tb** 9| 7|

2

g 97l @2 242 07 tE, 2242 HEAFE0l 1

mjo

9|

0| stCt.
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2l 9 = 277 nm 2 07|80 22 CasGd(BOs3);0:Th** (10 mol%)
o| dt= AHEZO|ICE Of7|A 277 nm @HE Tb3* 9| 4f-5d FHOo|EHn}t
°Fs — °F, O[S HO|Ct 414 nm O A *D; — ’Fs MO| I3, 438 nm Of| A
SD; — F, MO| I3, 486 nm O A Dy — F¢ X0| I3, 543, 554 nm O
M 5Dy — 7Fs MO| I3, 586 nm OA| 5D, — F, MO| I3, 623 nm OfA]
D, — ’F3 MO| m3Zp LIEFHCEH J2|0 7P 28 mj3= 543 nm 9
Dy — 'Fs M0|QS 2 & QICt 315 nm & Gd** 9| ®P;, — 8S;, XO| I
30|Ck Th** 2| 10 mol% s E=0A HMAAO|l °D; — °F) HO|= A4 gl
KA AAQl °D, — °Fy 2 MO|ELCE 0= °D3+ "Fs —~ °Ds+ 'Fp 2| WXt0|

20 ofgh oIttt (3 F 10). 8 11 of 277 nm 2 07|50 H2 4
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- Aey =277 NM D—F

I —— Tb* 10 mol % 554 nm

Luminescence Intensity(arb. units)

300 350 400 450 500 550 600 650
Wavelength(nm)

:].%l 9.277 nm & O17|_C‘>_|'0:| %% Ca4Gd(BO3)3OTb3+ 9_| EQ% ﬁJTLIIEE-j
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a2l 12 = 315 nm 2 7| o "= AHEZO|C 315 nm =
Gd** 9| 857, — OP;, HO|Of SiYSH CasGd(BO;);O:Th** Of| A Gd** at
7| =ICt. O3 12 o Tb* 9o #&E &2 Gd** ZEE OfHX| Folof

o|gt Zo|ct AHEHMSO B2 I8 9 2 277 nm (Tb*") 0f7|0f 2

A
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= QCt % 13 0fA 315 nm 2 7|5t &
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Luminescence Intensity(arb. units)

xex =315 nm
—— Tb* 10 mol %

4 5

554 nm

L | L L L L L ' L L | L L L L
500 550 600 650
Wavelength(nm)

a2 12,315 nm- 2 07|85t ¥ CasGd(BO3);0:Th3* o) HixZ AHEH,
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173 13.315 nm 2 0]7|3l0] 22 CasGd(BOs);0:Tb*" o] & o HX| =
Q EE. 315 nm = Gd** 9 07| mE, Gd* — Tb* 2o of{x| HoO|,
To** o] °Ds — 'F, FOl. /2 HH2 07] Iy, 7= HM2 WE g,

SAMS d|EtAPMO| DPHS o|o|stLt.
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# 2. CasGd(BO;);0:Th3* 9| of7| HO|.

Energy transition Wavelength(nm) Energy(cm™)
7F6 - 5K7 240 41153
263 38022
"Fs — °Kg
273 36630
Sy — °P; 315 31746
'Fe — °Gg 380 26315

= 3. Ca4Gd(BO;<*,)3O:-|—b3+ 9_| E';% 7Elol

Energy transition Wavelength(nm) Energy(cm™)

*Psp, = 8Sip 315 31746
°D; = ’Fg 380 26315
°D; — ’Fs 414 24155
5D3 - 7F4 438 22831
5D4 - 7F6 486 20576

543 18416
Dy — 7Fs

554 18050
5D4 — 7F4 586 17065
°Dy — 'F3 623 16051
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43 TP S0 HE HFQl 07| 3 wE AHEH
% 14 2 486 nm & ZLEHZSIH P2 CayGd(BO;);0:Tb** (0.1,
1.0, 10, 15 mol%) o] 7| AHEHO|Ct. s& F7t0f [ME Th* o f-d
HEQ To™ o TFe — K HO| M7ls 1 14 o 20| 5E7t F7ke4
2 S7RBICE 2Lt Gd* o] S, — O HO| S0 MT|E BTHE Tb

o 527 7 42 YAk WS 2 4 ALt Ok T o 27t

ol

b =8 Gd** — Tb>* of OffHX| o7t & 2ojd #2F ofLf2t Hrf
Moz Gd¥F 9 skt UASkZl M{EO|CE aZ 15 oA
CasGd(BO3);0:Tb** (0.1, 1.0, 10, 15 mol%) S| H& M|7|HSIS LIEFRHCE
M7l O 15a) = Tb>* of f-d HEOM A7 B2, 3% 150b) =
Gd™ 9] %5 5P, H7|HStOICE. 1B 15(a) O M ¥ 4 UKO| To* 5
E 10 mol% & W MZ|ZF Z7}& ZSEA LEEFSCE 2! 15(b) OjA= Tb3*

S5 01mol% Q [f Gd** of 20| 7t Z8A LIEHLtCE

31



7‘em =486 nm

(ay——Tb’" 0.1 mol %
(by——Tb>* 1.0 mol %
(c)——Tb*>" 10 mol %
(df——Tb>* 15 mol %

Luminescence Intensity (arb.units)

7F6 5G6
LA
1 | 1 1 1 1 |
200 250 300 350 400

Wavelength(nm)

Luminescence Intensity (arb.units)

P RS S TS S RS B S
305 310 315 320

Wavelength(nm)

a3 14 486 nm & ZLHYSH 22 CaGd(BOs);0:Th* (0.1, 1.0, 10,

15 mol%) o7 ATHEZ,
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(a)
| —O—Tb” £d band —_

Luminescence Intensity(arb. units)

0 5 10 15

Tb>* Concnetration(mlo%)

(b)

3+ 8 6
EERGHE S T B

Luminescence Intensity(arb. units)

Tb* Concentrarion(mol%)
2l 15. 486 nm & ZL|H&Es0 92 CasGd(BOs);0:Th** (0.1, 1.0, 10,

15 mol%) M|7|Bi3} (a) = Tb3* f-d BHEOM MZ| B3}, (b) = Gd** 85y,

— Py M7|%t M7= AHEZS X250 ARALC
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2 16 & 277 nm 2 0f7| 8 CasGd(BO3):0:Tb3* (0.1, 1.0, 10, 15
mol%) O H& ABEO|C} 277 nm = Tb* 2 f-d HHEZ SH sich
72 16 1F 20| Gd3* o] 315 nm & mAL= Th3* 7F 0.1 mol% [ A 7|
Jb 7b& 3A LERSCE 32|30 Tb* o 5Dy — 7Fe 9F Dy — Fs FO|=
Tb* © =Z7b 10, 15 mol% < mj 7}& Z&A  LFEFLECH
CasGd(BO3);0:Tb3* O] 5D; — 7F, MO|= M|7|= H|mX OF&}A| LFEFLICE
Ol= Tb* O] 5D; + “Fg — SDu4 + 'Fg O] MAFO|Qt M 0| LO{LEX|TF KA

g80 OX= dE2 AKX @S

O

o

P

=]
o
n
W

2l 17 2277 nm 2 ¢
7] 3t¥S [ CasGd(BO3)s0:Th3* (0.1, 1.0, 10, 15 mol%) o 2 A|7|H3}
£ LiEt Zio|ct 18 17(a) & Gd¥t Q| °Py — 8Sy, A 7| 8%, O 17(b)
= Tb3* Q| Dy — 7F, M|7| B3}, 102 17(c) = Tb** 2| °Ds - 'F) M|7|H
sto|ct. a2l 17(a)0f|Al Tb** 5= 0.1 mol%, 12l:17(b) 0|A Tb3* 5=
10 mol%, 12 17(c) oA Th3* s&E 15 mol% | A|7|7t 7t& ZSHA Lt

EfLtCy.
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- X =277 nm w
[ (a)— Tb> 0.1 mol % (A Av
L (b——Tb* 1.0 mol %
L (c——Tb> 10 mol %
] (d——Tb"15mol % o

Luminescence Intensity(arb. units)

P N SO N LAY SN TN U SN N 8 T T T S T Y T S T S TN I T T TN MO (AN N Y T

300 350 400 450 500 550 600 650
Wavelength(nm)

Luminescence Intensity(arb. units)

400 450
Wavelength(nm)
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.
4 AHED,
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—0=Gd* P —~°s

712 712

L ([ —
1 1 1 1
10 15

5
Tb** Concentration(mol%)

Luminescence Intensity(arb. units)

(b)
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5 10
Tb > Concentration(mol%)

Luminescence Intensity(arb. units)
T

=O=Tb" °D,—'F,

Luminescence Intensity(arb. units)

0 55 10 15
Tb™ Concentration(mol%)

a3 17. 277 nm 2 CasGd(BO3);0:Tb** (0.1, 1.0, 10, 15 mol%) £ of 7|
MIZIBg} (a) Gd** 2] °Py — S, M7=l (b) Tb** 9] °Ds — 7F, A7

ot ULt

HI

S, (c) To™ ©| Dy — 'Ky M|7|#3k M7|s ABERS X
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712 18 of 277, 315 nm 2 CasGd(BO:);0:Th** 2 Of7| &S [
LMot BhE o|HX] MO|et g WEES EAISHAUCE Gd** Q| 277 nm &
8S,, — O, 2o Mo|of SiEsta, 315 nm = 8S;, — P, 2o| FO|oj
SHSHSICH 13 18 QF ZH0| Gd3* — Th3* 02 0|l X| ME0| o5t Th3*
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DAHS 0/8310f Tb®* (0.1, 1.0, 10, 15 mol%) 7} M7t &
Ca,Gd(BO;);0 HEHME &d5HUL.

Tb** o 486 nm YIS LZLHZSO XM K0
CasGd(BO3);0:Th*" O Of7| AHMEYHZ ZHFSIQUCEL 7] ATEHO0|A
Tb* = 7Fg — °Ky, °Ko, *Ge 22| TOIZ 7} LIEtG T, Gd** &= ®S7, — °P,
Mo|m| A7t LIEFGEEL 220 - 260 nm FHO|A Th3* o] f-d MO|0f| o3t tH

E7b LIEHGTE Afeld o 7|0f 2|50 1CayGd(BO;);0:Th* Of i AHE

He ZESIAUCL 017 IOl 277, 315 nm @ ZLR= Gd** & AY 7]
St= 0[R2k Gd** oA Tb** 2o| OfHX| FEHO| 2fsf Tb** 2o °D; —

Fy0 = 4,5) F0|,°Dy — "Fy =3, 4,5 6) TO[0f 2lot HZ0| HYSHRALCL
Gd** = 315 nm 0| °Py — °S;, 2 T10|0j| O|Ft Ofoh H&0| LtEFEICH

:].EI_T‘_ 7|'Io|' %,I'_C‘)l;l' Elﬂf 543" nm 9_| 5D4—> 7F5 -Iol/%_l_ 5D3 EEI' 5D4 9_|

MZI7t Z3tA LtEFREEL

CHFSE To* (0.1, 1.0, 10, 15 mol%) SZ0|A 07| AHEHS i
SHUICL s& F7t0| wet Tb* = f-d MEQL 'Fs — °K, Ho|of oot H&

rlo

Skt

ol

b8 SIFSHRACE 2L Gd* 9f *Sy, — ° HO| ME9

M7le B2 =71 37t g5 #d25ts A2 2 5 Utk Ol 5=

39



7t Bt =8 Gd** — Tb* 9| O|HX| TEHO| & YojHS LIEHHLCE
S0 W2 Gd3* 2 315 nm &L Tb3* o =7} 0.1 mol% [ M|7|7}
7k 3 A LERCE O2[3 Tb** 2| °Dy — ’Fe 2 °Ds — 'Fs TO|& Tb**
o =7} 10, 15 mol% [ JF&b Z+SHA| LFEFSCE Th3* = 5Ds + 7Fg —
°Ds + 'Fo 2 mXtolet 10| Yojtelt My FHo| 0/X= FEge 3
X %SE HHQISHACE Th** o 5= 7t 15 mol% & M= HEM 7|7t 23]
o dasts A2 &ISHAULE O|AE TP of s&7+ 15 mol% THA|= &
= B0 oot HE BUHECH ofuX| =0 ool HE 4 FO| § A7

{2 O|C}.
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