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. 3 . .
A study on concentration dependence of Eu’* luminescence in Cs,M050

Jun Young Lee

Department of Biomedical engineering

Pukyong National University

Abstract

Luminescence properties of red-light-emitting Cs,MosO:¢:Eu** phosphors are
investigated by the laser-excitation spectroscopy at room. temperature. The
phosphors were synthesized by solid state reaction and the formation of the
samples was characterized by X-ray powder diffraction analysis. The patterns are
in the good agreement with standard (ICSD 83754). The optimum temperature to
synthesize the Cs;Mos016Eu®* phosphors are estimated to be 450 °C by
thermogravimetry and differential thermal analysis. The excitation and emission
spectra of Cs;M05016:EU3* (0, 0.01, 0.1, 1, 5, 10 mol %) are measured by optical
spectrometer equipped  with Xe lamp. The strong excitation lines in the
wavelength region-350-470 nm are attributed to the /Fy. = °L¢ transition and the
'Fg — °D; transition of Eu** in Cs;MosMo36. The strong excitation bands due to
the ligand to metal ion charge transfer (CT) transition of Cs, and O* - Eu* CT
transition are observed in the UV region for Eu®** -doped Cs;Mo0s0;6 phosphors.
Emission spectrum shows the strong lines at 550-680 nm corresponding to the
°Dg — ’F; and °Dy — F; transitions. The maximum luminescence intensity is
obtained at Eu** concentration of 10 mol%. The difference in luminescence
properties by changing the doping concentration of Eu®* are discussed in

relation with crystal structure of Cs;M050,.
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# 1 HEYEOM 37} SIER O[22 4f =2 TAl=.

Atomic # of

number Ions 4f electrons
57 La3*
58 Ce3+ 1
59 Pr3* 2
60 Nd3* 3
61 Pm3+ 4
62 Sm3* 5
63 Eu?* 6
64 Gd3* 7
65 Th3+ 8
66 Dy3+ 9
67 Ho3* 10
68 Er3+ 11
69 Tm3+ 12
70 Yb3+ 13
71 Lu3* 14
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H 2 CsMosOFu’ BTN SEH0| 02 28 A3

Unit: g

mol% Raw material (formula weight)
(Eu3+) CSzCOs M003 ELI203

0 0.987833 2.16994 0
0.01 0.987234 2.16994 0.000105

0.1 0.986346 2.16994 0.001055

1 0.977460 2.16994 0.010558

5 0.937966 2.16994 0.052794

10 0.888600 2.16999 0.105589
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3 CSz'\/lOsO16:EU3+ (10 mol% oo=i_<'3FX-||0| 017| 7('|O|

Wavelength (nm) Transition Energy (cm™?)
365 'Fo — °Dy 27397
384 "Fo = Ly 26385
397 "Fo — °Le 25188
419 "Fg — °D3 23837
467 "Fg — °D3 21390

H 4 Cs;Mos056:Eu* (1.0 mol%) e 2= Ho|
Wavelength (nm) Transition Energy (cm™?)
593 5Dy — 1F3 17922
616 5Dy — F, 18552
705 5Dy = ’Fy 20601

42

Collection @ pknu



oY

A0

35

\
i

ayi(Xtl OMICTI)

30)

2

0

il

1 )

&

mﬂﬂ _ L.]PJ*
C|EBsand

A
y
A
A
£ 5| 2| 5| B| B HEI-
s| 2| 8| 5| & A AR

T8 17. Cs;Mos056Eu’ FHHO A Eu*2| OLHX| &= &

Collection @ pknu

43

CENCEC
o o

5
I
3

B e

- s



a2 18 (@)= Cs;MosOwku’ FFAHQ| Eu’ 0|22 s=H3to| WE

07| 8 &= AHEHOIL) o7 AHME &

—_— = —

I

Eu’* 0|29 57t S7ted45 oY WEE AN AHERO O3

r
%
+
£Q
_|Tl_

07| AHEZOMl 200~350 nm FH2 HSITHE HO| HEOH
g dEe e 57t B7tEE HEHoz FIU15HA|2H 1~10 mol%
AOIO| M = ASHA| S7HetCh ot =0 ME etz 350-500 nmQE

ol o2 S H3AS9 fA Hst= BILf. Y=A2HEZHN M= 616 nm
oM = &3At H0|Ql °De — 7F, HO|0A ZCHIm|Z7F LtEfLELD 593
nm, 705 nmOi|A| *Do — 7Fy, *Do — "F4 O|0f| 2fpt W= T3 S0| LIEHLY
0 s&of M2t Jd84=7t S7totAL 18 18 (b M 5= F&2 o

. s
7| Y wE AHE

o
10
fot
=
L
1]

IS LIEtRID O 190M= 5= H

O

siof e 7| 8l &E AHE-RS 42 LIEfLIAC,

44

Collection @ pknu



(a)

1200000
0 mol%
I 0.01 mol%
1000000 0.1 mol% ~—F,—>%L, ~—°D;>'F,
— 1 mol%
—_ 3 5 mol%
% 800000 | 10 mol%
: -
i 600000 |- o
> | a° 1
; ) N
g 400000 i
T
200000
0
" 1 " 1 " 1 " 1 " 1
200 300 400 500 600 700
Wavelength (nm)
(b)
0 mol%
+ 0.01 mol%
0.1 mol%
—— 1 mol%
__ 150000 - 5 mol ol
% 10 mol%
g/ 100000
§
o M\.L
1 " 1 " 1 " 1 " 1
300 400 500 600 700
Wavelength (nm)
12l 18. (a) Cs;Mo501 &KX Q| Eudt sEZH#SHO, 0.01, 0.1, 1, 5, 10) mol%0f| LI}
2 07| Y WS ABEY (b) M 5E B2 H0) AHEY,

45

Collection @ pknu



Intensity (arb. units)

Intensity (arb. units)

agl
s

=

ol E &
—0-

(a)

1200000
0 mol%
r 0.01 mol%
1000000 ?-:ng;;'% -—"F—>°L,
D ‘o
- 5 mol%
800000 10 mol%
600000 | ol
a° 1.
L ‘“Tc NLI.
400000 |- R v
L P ‘“_Tr ‘
a
1 -
200000 |- u iL L\
. HPATA
1 1 " 1 1 " 1
200 250 300 350 400 450 500
Wavelength (nm)
(b)
1200000
0 mol%
r 0.01 mol% A i
1000000 0.1 molig .
——— 1 mol%
- 5 mol%
800000 10 mol%
600000 |-
400000 |
L J-',F' huf"
200000 fc f°
0 A/}/\ A
1 1 1 1
500 550 600 650 700 750

I 19. C52M05016

&N Q| Eu
) 07| AHEE (b)

Wavelength (nm)

T HBH0, 0.01, 0.1, 1, 5, 10) mol%0f 2

=
o

= 1I-

s AWER.

46

Collection @ pknu



—

I>

X-l'c‘;l.x Ct HY C

— —_=2 =——

0|29 &s& 001, 0.1, 1, 5, 10 mol%0j 2

HEZH2 18 20 (

Ol M REMSHA LIEFLH A= Eu®

SENM7|7t S0 B350

S7ts Ads 2+ AL b)oM=E M 5= 001, 01, 1 mol%e FZ2
et AHEZHO A 001 mol% & &= M7I2 01 mol%l g8 U=
MZ|2| HlE&2 HISHA LiEILHE AS 2

O 212 Eu* 0|29 skof ME Tt = HE
M7 BiztE LEHLH QAL Eu*t 0|22 S=37t0f mal J&3AM7|7t 57t
SHX|8F 1 mol% O|sto Mol M7| Bisle Ao 2 AXK| € =139l

ot

= UAALL

Collection @ pknu

47



(@)

100000 —— T T T T
0.01% 400 1
0.1% (b)
1%
5% ]
ﬁ 10%
5
\'8/ 50000 | -
]
E - ]
PN \NMV\\A
0 - e A Iassass BT =
200 ' 250 \ 3(|)0 ' 350
Wavelength (nm)
12! 20. (a) Eu** 0|29 =£(0.01, 0.1, 1, 5 10) mol%0f E FSIHE i E O
AHEH (b) § 5E(0.01, 01, 1) mol% E&9| S| AHEH,

=
o
1

—m=— C-T band -

°
®
1

o
o
1

o
'S
I

Intensity(arb. units)

©
N
1

\

(0] 1 2 3 4 5 6 7 8 9 10

Eu®" Concentrarion (mol%)

O8 21 Eu* 0|29 sk0f e MY HEES A3k (normalize)st M2 &

[ | o
M7 st

48

Collection @ pknu



1 2& B 0|29 & #3o| M2 07| AHEZH0MO R -
5|-8 XJOL 7F0 - 5|-7 XJOL 7F0 - 5|-6 7SO|,7F0 - 5Dz xu_-|0|§ ﬁ”—*.?a}ﬁ}@ &!
23 g2 A7) @t d2jZ2 LERJQICE Eut 0|20 M7HE 10 mol%

MRS M E sEad HYO| LIEFLEX] 0 &9 M7I7F ASH

OS2 Fts A =Y

Ct.

0

-
o
1

=
©
1

o
o
1

o
~
|

Intensity(arb. units)

o
(V)
1

0.0+

Eu® Concentration (mol%)

a8 22 EU®* 0|29 5X0| 2 Cs:MosOgEud HaAM| Q| 4f-4f(350~500 nm)

SAM THBHnormalize)ot Mz HEAM 7| Hat

49

Collection @ pknu



g

)%

al
10
ne
]
u
oA
oA
H1
mjn
A4
ot

—/|\— %U:l' [21—23] :l.%l 23E C52M05016

Aol T &=t Hole HFdE MUl HlEgs HESHe ddEsl2

LIEfLARICE. 0.1 mol%OM & &= M7I2 HZ0| ofzt Hao

)
|0
i

oF

g L= M7l HlE=2 HNH2=z

o

0

0.1~10 MoOl%TIX| SEZ7}0) W2

37 otRAL 5~10 mol%e| E& L= M7|C| HlE2 H|SHH E0X|=

As oEeE = AJUCL

50

Collection @ pknu



7_
/.
|
/\6_
1]
'c
-]
857 -
—
8
2
e
C
9
£
3_
2 L |
3 T b T E T T T T T i T T T - T L T 7 T % T
f N 5 3 Al s 5 7 gAY
Eu®" Concentration (mol%)
3 23, Eudt 0|9 =0 M2 Cs;Mos0:6Eu®* HEK|O| E=

(Do—"F2)/CDo—'F)2| & UE MZ|2| H].

51

Collection @ pknu

10

A

11

ol
=

E

[=5|
[=]

ol A



2 AFME DAHE 0|8310] Eu*t 0|22 HIIEH Cs;Mos016 A&
HE gdsteCt TG-DTAE 24510 Ml SH=2EE F#o1¢%n X-4 3
M EMg Sof HBMO AWY U BHTEES HOISHRICL T Eu 0|

29 5£5 001, 01, 1.0, 50, 10 mol%2 2|5t st HAH o £
ety E4S TAFSIYUCE ICDS 83754 Ft=Cof Hiawst Znt HaHo| Z
S0l Z RAES HASHAUCE. 616 nm FF= ZLIEHE 5t 200~500
nm7tX| S8t 07| AHMEZOAE 200~350 nm SR M= MO HE
HHES PHESIAD 397 nmofA "Fo = °Ls FO|0f| s Yst= x|oh of7| O
AE AL SE AHE-MME 593 nm (Do ~ "F)0IM X7
SAb HO[2 616.nm (Do — "F)OIA 7= M7 YIFK HO|E =B
Ct. (Do — "F2)/(CDo — "Fr)EEAM 7| Hl 240 E 0.1 mol%0i A HaA
71 7t HIZO0| ofZh Hadtt HItE Eu 0|29 =7t S7tass o

M217t HHAHe =2

ol

745D 10 mol%tX|] SZoAME SEAZO|

HIMBIR| e

= O LS I-Ol

—

P

4%

C}.

mjo
ot
(o]}

52

Collection @ pknu



HnEs

[1] S. Shionoya, W.M. Yen, Phosphor Handbook. 391, 511 (1999).

[2] C. K. Jorgensen and B. R. Judd, Mol. Phys. 8, 281 (1964)

[3] G. Blasse, Structure and bonding 26, 43 (1976)

[4] B. M. catehouse, B. M. miskin. Acta cryst. 1293, B31 (1975)

[5] G. Blasser, B.C. Grabmaier, Luminescent Materials, Springer-Verlag,
Berlin, Heidlberg. (1994).

[6] R.C. Powell and G. Blasse, Struct. Bond. 42, 70 (1980).

[71 M2 7, LED HEHE ?lIet 28 4. 59, 16 (2013)

[8] L. Shi, Crystal growth and excited-state dynamics of Eu?* luminescence
in Eu-doped LiBaF; single crystals, EZACHst W CHstRl (2008).

[9] L. Shi, Luminescence dynamics of Eu?* in-LiBaF; crystals, 2 Z4CH&tm
Chek® (2011).

[10] H. J. Seo, Chem. Phys. Lett. 479, 65 (2009).

[11] #XH8, 3ERF 0|20 =EE KBaWO.), gdEN 2 &d A 24t
EN, RAHSD st 11, (2012).

[12] B. Judd, Physical Review 127 (3), 750 (1962)

53

Collection @ pknu



[13] B. R. Judd, Phys. Rev. 127, 750 (1962).

[14] G. S. Ofelt, J. Chem. Phys. 37, 511 (1962)

[15] HES, D& H0|X 2Tto| 93t Gd,OxFu> B0 HY £

[16] K.H. Jang, W.K. Sung, E.S. Kim, L. Shi, J.H. Jeong, and H.J. Seo, J. Lumin
129, 1853 (2009).

[17] K.H. Jang, E.S. Kim, L. Shi, J.H. Jeong, and, H.J. Seo, Chem. Phys. Lett.
479, 65 (2009).

[18] C. Kittel, Introduction to Solid State Physics, 8 edition (Pan Korea
Book Corp., Seoul, 2012), p. 3.

[19] R. Zhu, y. Huang, and H. J. Seo, J. AM. Ceram. Soc 94, 3380 (2011).

[20] C. Qin, M. Gu, Y- Huang, G. Chen, L. Shi, X. Qiao, and H. J. Seo, J.
Nanosci. Nanotech 11, 9570 (2011)

[21] R. S. Yaday, R. K. Dutta, M. Kumar, and A. C. Pandey, J. Lumin. 129,
1078-1082 (2009).

[22] M. M, Haque, H. L. Lee, and D. K. Kim, J. Alloys Compd. 481, 792-796

(2009).

54

Collection @ pknu



[23] L Omkaram, B. Vengala Rao, S. Buddhudu, J. Alloys Compd. 474, 565-

568 (2009).

55

Collection @ pknu



]

7I-A|-

==0| 2tdE WK =

=
—

b=

HXS
T

| b0 =

HH A
| —

AR EZILC B

7t
(=}

ol

<

F

N
o

o] 28 E[7|7tK]|

[ ]
e

1 WENE ZAe 25 EEUCE 22|a 7t

x
=

| dF
=

A
—

NCE

A
o

K=}
=

o

op 7| |

Of |9

[ |

e
[s)

Of BFEHA MZ0fA

I

Z
=

K=}
=

S
o

.|

of

1

Ot X|Qt OjHL|, 1

7|chal

1
ou

i

X

=

ot

F

C}. Opx|at

20154 2
o &

56

Collection @ pknu



	1. 서 론
	2. 이론적 배경
	2.1 형광체
	2.2 에너지 전달.
	2.3 희토류 이온의 분광학적 특성
	2.3.1 희토류 이온의 4f-4f 전이와 4f-5d 전이

	2.4 Eu3+ 이온의 분광학적 특성.
	2.5 Cs2Mo5O16의 결정 구조

	3. 실험방법
	3.1 고상법에 의한 시료 합성.
	3.2 TG 및 DTA 측정 및 분석.
	3.3 XRD 측정.
	3.4 SEM 촬영
	3.5 여기 및 방출 스펙트럼 측정.

	4. 결과 및 논의.
	4.1 X선 회절 분석
	4.2 SEM 결과 분석
	4.3 Cs2Mo5O16:Eu3+ 의 여기 및 방출 스펙트럼 분석

	5. 결론.
	참고문헌.


