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ABSTRACT. The fluorescence of Eu’', Tb** substituted for La** in Lanthanum Oxychloride
(LaOCI) has been studied. The fluorescence intensity of the Eu®*, Tb®* in LaOCl excited by Ultra-vio-
let light were investigated on its activator concentration and discussed as the energy transfer process.
The energy transfer from Tbh'* to Eu’" take place in the Ew*' and Tb* codoped LaQCl crystal. This
process was confirmed to the change of concentration and the measurement of fluorescence decay time.
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Fig. 1. Energy transfer process.

X is excited level, vertical line is nonradiativ pro-
cess, ~ is phonon transfer. (a) multipolar reso-
nance. (b) multipolar transfer. (c) nonresonance
transfer.
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Fig. 2. Experimental system and sample mounting.
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Fig. 3. The unit cell of LaOCl, a=4.199 R c=
6.883 A.
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Fig. 4. The LaOCl host emission, incident light
is UV (230-270). The peaks at 450~500 nm are
xenon charactristics and the broad peak at 550
nm is 2nd order diffraction of monochromator.
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Fig. 5. Emission spectrum of Eu*" under excita-

tion at 270 nm.
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Fig. 6. The excitation spectrum of LaOCL:Eu’*,

emission at 610 nm.

660nm

€ Ligand® PAA) e AHol7l A dojdrl.
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rge Transfer State:CTS)+& 35,000~40,000cm '¢]
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Table 1. Comparison of Eu’" (4f%) energy level in

the free ion state and various host

term freeion | Y,0.S | K;EuCls | this Exp
5Dy 580 583 581 575
5D 525 | 527 527 525
5D, 465 468 465 462
5D; 420 410 418 -
5Le 395 - 395 388
5L: 375 - 368 -
5D, 362 - 362 356

* Unit is nm.
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Fig. 7. Relative fluorescence intensity of (LaixEu,)

OCl excitation at 270 nm and emission at 610 nm.

o Yz HAHC WA Ay G Ay A
Agd FAd, 489 GUHAE HA&e 2=
(phonon)ol izl Fel2 Yud Aoz B},

Th* 2| HIUAHEY, T ol ALE
(Lai, Th)OCINA x7} < 0.10] 8ol & D~
Fe & A7 wxel o FrEtm xot
0.1 o134 TH' Y FxdME ¥5 238 L
9. D, wEel 9 = 2FEAL B
¢ opAMAE =Y AUy olFd A% &
T 4&%3or B F Ut

D—~Fe HEAANE DASED R} Fx
Q x7F 000349 HAMANE B (Fig 8). 9
#4& Van Uitert59 mzto] & (cross-relaxa-
tion)e] 9 FriAProg HYY 4 Qe
Fig. 894 B& uwie} o] 557} AP mat
F Tb’ ol Alole] mzjolgko] wolx 1, D,
—D,8] ol¢to] WotHo] wat F HF Al
DiE FE 2 W&ol @olx 7] fjEo|r},

Tb** (Ds)+ Tb** (Fs) —Tb* (D) +Th* (Fo)

AR N R Th' o]0 BFYeA Exsind =
M3 A A Th ol2E7 e ol $e
do77] Wl Fx £FHGo UBUE A
ez B £ vk o## #4L Lammers2
Blasse®] d¥¥jM= & HgEct,
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Fig. 8. Relative fluorescence intensity of Laix Ths
OCl excitation at 230 nm, emission at 410, 540

nm.

a8 dgAME GdTa0N A Tb' o WEA
718 ¥l2&Ach. Gd:0: Ta0s TbO.Z 49
M AN S B FE NsEH, 9 A3
EHES HCY %o NaOHE HAAZ &
HYA (Gd Th).0,8 AED olAH Ta0:E
DAL S 3o PE AgE 2L ¥R
238y PEULSXZFE TA WHEE F3hd,
TE AEE A de TholEVF =&
&) *D,—>°D, HMeol7t ®Wol A7)i waA Dy
D, ¥lgol Aok & By uwtgog wugte}
JHH Ae T 7t B F2 nxjolge &
olAe A& HQAolth ojgtzel 230nmel =
Her EE T & 4f M o e 4f
99 ‘D2 ®m=2A ol H(relaxation) d THe
Dl A DE B olg HER o™ Dyl A
vt el2 uie "ojAv 400nm ¥ W
W@t (Fig. 9).

DD olge T Y FE7F AESE
@ol dojkx, Fx7F Fo T 718 At
g9 mxalolgol 7R gech, 1YBR BF
olgte]l A7l A (CriticaD A E ALY $
Ack* Fig 944 BY Tv ¢ FE7t x=0.
00349 °Dys} D2 FE Q) LEAIIE 2L,
o] ¥xodMe ‘D~DE REQ WEAIIZ
zed, o sxdAME DD, Aol *Dy—ut
ohabe] Aol7t 2L Hl&E AAYd o de
g T elld AAAZYRG AL Rl = o
2 T 7F 98 28] 0.5¢ Aojth. dAAE
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Fig. 9. Emission spectrum of Tb®" under excitation

‘at 230 nia. (1) (LaossThoan)OCL (2) (LanseThoe)OCl

2 olFoj3 T AHE Vrolgt 3d rHT}
ZINME Fo de B ViR EoiA =
B2 Vr=§nfolth. @ELOCIH ZAHE %
B2 RE(Fig 3) La* @47 dRAEAA 27
g F Ae BHE 58.3A%0It BZ YAA
A Vr JHde o]0l Vris8.3=k7} S9
Atk g3 Yol L2t 9 T & 0.997:
000322 Mo 9ok
AANH WRAE FA Tv* 7 9z F4
J] golgHol R ¥, Fuio ke AA
Ao La*' 7 A2 T & 1 &Eo] 0.59 ).
Z (0.997¢=05
k=2307}
ayes )
Vr =230 X 56.3(A%) = 13409(A")

33Vr o
r= —=15A
4n

QU= 7t maelgoz AUAst AgE F
Qe A7t 20A FEAX NAGE Dexters]
Aol H o] B 15;,?0}%% g grolth,

270nmZ E=A 3% DoIAM Fze HEg
Bgrh 270nme) AN L Wol 4f5d2 SE
TH & D:8 AXNA @¥3 D2 Zutz ol ¢y
o] 'D,~F, 2 & HARA| T}

Th* A Eu*' 229 ofjiix| MY, Eu''ol
&% Tb' e 29MERE BW Ev 9 D, £9
9] F—>DiESF 2HWMEHI TH'9 D—F.9
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Fig. 10. Increase of Eu®" fluoresence by energy

transfer, excitation at 270 nm, emission at 610 nm.
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sonace transfer)& AZ¥ £ ooz! o ¥
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o#7tx Fxe Tb ol && Zo] LaOCl FA
&o] NBAAM Eu* ol WHEAsE A
3tk Th" o] &o] BolAo| e} Eyitol o
"1 &8s 2¥9EHS A7I7E Fosle AL

2 & ARHMFig 10). A= T —Eu’ 9 o
HA Hdgelztn & ¢ ded A9 FLe
Th 9 FE7} AAY, T elLe WEA/E
A AAZ AoM oA A o Th"
22 RE WEMZ FiIeE e
£ F fdddh. 238y T ol »xg o
AsA 3 Eue FEE F7HA99E YR
gz 4% T o2 FHY WHEA7N ZA
e AL B F AT o= A$oER %
Ztel o2 E0] ¥ AFE dode YAEE
B 2 Ade v5 239 g5 7
WHEA717E 287 dE dix Adey &
AE FFHo2 dolrANE oHH

£ Ev 3 T o2 #4335 La0Clel 33
A2 BE LaOCll B ¥ ¥ Th* ol
LEHAZ AL 2. 3msecHl Eut o)L o) TE
7b F7tgel el A @A)l @olA M (Lages
Eu) OCINI M= 02msec2 ZAEAT (Fig
11) E€ AeelX vddds o)A #go

£

Fig. 11. Decay curves of Tb**(°D,) emission. a.
intrinsic °Dy decay curve, tr—2.3 msec. b. Quen-
ched *Didecay curve, tr=0.2 msec.

270 nm excitarign 130 nm excitation
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Fig. 12. Scheme representing the energy transfer
and relaxation process in LaOCL:Tb**, Eu®" solid
line:emission broken line:internal relaxation zig-zag
line: energy transfer, CTS: chargy transfer state.
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