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Sm(111) Fvr Eu(Ill) o@KE (HEER, WEE, MR, @BEER) BARotEELZRNL, thifh
® 2mol dm-? EEEBKE O ¥ {Sm(II) : Ex. 402nm, Em. 597nm, ¢; (FArBEFINE) : 1.41X
10-4, #HW%oBERE (F.S.L) : 5.47x10-8pm; Eu(III) : Ex. 395n0m, Em. 591 nm, ¢¢:1.9X
10-3, F.S.I. : 7.67x10-7pym} 2FAL T, HLETEEZEW (¥ 2 1 A)ho Sm R ktk (YVO, :
Eu) o Eu »EB T2 5B LA, RB2HREBTERD 5V IIHEAR» UV v A TIHEME, ¥
2 VEBTBABIZ X VBB A 2mol dm-3 ERERICHEBT s itk y Eu(lll) BEERE
I<ERTES. —F4, Sm(II) 0#KE R0 7/ 5V FOREERRILN, FrR-=-AFLV

PEEATAILCEV OB ER RIS LI, BECERTE L.

U

La(Ill) KO Lu(lll) %Ex< FHEELRKEO =ffi 1 A+
vituLThd 200~800nm OfFERKIC 4 EFEERT S
OO WRILY FEEL, Zh bR v Fik
SV = VA4 vOEREREO BETFAE 4~ wBIRL
THRALER, SHHEFERCE L A BIR&E AR TH
NTHBYD. Lnl, chbsva=FAH) 14 vD
BV v N iz VBEREAHEER/NE K, »0oh
WIZARSE LT B DT, WMORINAR2Z b AED ZFIH
T AL, BHERTE X 5ERLHETED I

EELIECTBRBEKHTO Ce(ll) KU Gd(II)
o f-f BRI RE 5 HHHEHOD MR L, = —
R—2 54 vEEREA L CEBRBRRC X 5 HLETHE
b0 Ce R Gd oF#, BE7LLERLEYH
FRL®. BEHICs| 2 EMBRACT KT 5 /BT
FUL) 07 77 4 * v ORI BhRiEfr % BT qF
Ml s Uicis 8, Ce(IIT), GA(III) & FE4E Sm(III)
RO Eu(Il) o7 77 44 v BB T RRH
WrBETHZ EXRVWELIEDT, LOREFEYH
ML, chblf A+ v oo bENMmRALES &
i, FLETEEH SO Sm RUEENEF O Eu
OUKEED XL LI

* ORE AT R EESE ¢ 577 KIRFEXRRT
INBIT 3-4-1 :

il

2 AERUOEE

2.1 B X
Sm (E¥EEWE : BMEY <V v A (SmO,, 99.9% =
BA{L¥8) 0.1449g 280 5 L, IREGER 8cm® 20

ZTCIEIBE L, ATLAE 0cm’ HFRKL, 2.5mg
Sm cm-? B{¥E L. ZTh2EMBRECSLTKTH
RLTERALE.

Eu EHiER : Bty v £ A (EuO,, 99.9% =
ERLER) 0.1447g 2H0O x5 L, RIEE 8cm? T
MBABEL, KCLA% 50cm? L, 2.5mg Eucm~3
B rAY, EEAKCHERLTERAL L.

ZOoMOREII T CHERLEE, KB AEFUE
HRICXIEAEKZMHERL &

2.2 % i

WA P ROHNIRE O RIE I B EE
JEEEH 850 (R-928F X EF 1M, 150W 2 /v 5
v7) BERLE.

3 MRERUELE

3.1 GhiE « HHEZARI b

Sm(ITI) F7* Eu(Il) ¢ 1.9mol dm-? JEREEEK R
oW CRIERE - MHEA=7 P ARBELLRERY L
h#h Fig. 1, Fig. 2 w;xL7e.

Sm(III) (% 402nm DOX-THh#E T 5 & 560, 597, 644
KOt 704 nm ZRAEIE O -f BRCES 4 K08
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Corrected excitation and emission spectra

of Sm(IIT)

Sm(II) : 2.5mg cm=3 (1.9mol dm-38 HCI);
Band pass : Ex. 10nm, Em. 10 nm
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Fig. 2 Corrected excitation and emission spectra

of Eu (III)

Eu(IID) : 2.5mg cm~2 (1.9mol dm-3 HCI);
Band pass : Ex. 10nm, Em. 10 nm
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WA b A%, Figo 1 ofERR - MR
% FWT Jablonski A RS- #E5B% Fig. 3
ALl Thb4AXOMUIEARZ P zThZh 4Gy
— $Hy/,, 4Gy —— ¢Hyy, ‘Gs/z‘_’ *Hy/,, ‘Gs/z”—’
Hyjp ~OBBIC I AUXHHELTRETES. X,
Eu(III) % 395 nm OJCRHRANCEE X h, 591, 618,
698nm = f-f BEBEED 3 KOS A7 P i
~L (Fig. 2), Fig. 3 iR L X 5% 0 3 EHsH
FhER Dy—— F,, 5Dy —— TF,, Dy —— F, ~D
BELLTUREILSD.

—RICPBBE R TS SmdAI) R Eu(IIl) o
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(III) : 4Gy — SHyjp, ¢Hyyy, ®Hyyy, *H,,» © 4 HEAT
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DER} 12 Fig. 3 OERILLLISNBI3CTF I AN
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¥ — BN OFFB I BN FBIBAD Bk {Sm
(III) : 4Dyg/p — $H; s, Hyys, Hyyp © 3 BT~ DB,
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30

20,

10

Wavenumber (X 102 cm—1)

(A)

— ry
Jt\ g
E £
— o
S S
= 4Gs/2 5Dy
8
g =
g o)
g £l
= E°°
g ra: b= =
§ —6H11/2[* !j_"
~—6Hg,2 vy Fp
:’sHvz F
Sm() Hsz™ Egml) Fo

(B)
ry A
g g
3 3
1Gs/z 5Dg
g
=
g =
= ©
g
[~
2
v
6Hg, 2 v 7F.
v 6Hz/2 7‘;
Sm(lll) °Hsz  Eqq)

Fig. 3 Energy levels of rare earth complexes
(A) : HCI system; (B) : TTA-TOPO system!®
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BWEENAE L Sm(I) oAFRELTEL, —7, Eu
(IIT) 13 395 nm fhigwc X % 591 nm OBK (Do —
F,) SHREDHERIBER TV,

Sm (1), Eu(Ill) - ho SR b HE7o0R
KA IVE bR IWOT, TORO—ERED Sm(II)
HBuE Eu(lll) #&LHERY HBBKRE LTERL
fc.

3.2 BMAREOER

Sm(III), Eu (1) o BiF TR OEEH RO RRE
OEEL BN LEREY Fig. 4 RO S5 ERT.

Fig. 4 X D425 X 51 Sm(II) oMM 1.5~
3mol dm-* ORPBEC I\ T >y vB, WR>E
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Fig. 4 Effect of acid concentration of Sm(III)

Ex. 402 nm/Em. 597 nm; Band pass : Ex. 10
nm, Em. 10 nm; [Sm(II)] : 250 ppm
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Fig. 5 Effect of acid concentration of Eu(III)
Ex. 395nm/Em. 591 nm; Band pass : Ex.
10 nm, Em. 10nm; [Eu(III)] : 100 ppm

> BEER Thb, HEREER T 1~8mol dm™?
DREFIRCIIE—EORNME LR T. —7, EudlD)
i3 Fig. 5 WRL% X 5 F OB Y VR
> R =R > WER > BIERRRTH Y, WTh
3, 1~3moldm-3 DEREEHIH TIRIEF—FEDO¥MNEE
T,

3.3 Sm(II) RY Eu() OHXER

Sm(III) %O Eu(lll) o> 2mol dm~3 FLEAMEH W
WCx=A 7Y ViC /TS HANETIER (6) (=277
Y Peses=0.77, Pr102=0.75}, BOED RERE (F. S
L)W % LR % Table 1 kKR 7.

Table 1 ¥ b455 & 51 Sm(1ll), Eu(1ll) o&F
KRR F.S.L g—gcEEThHH, ThboREk
TR S SVERGE VAR P ARRT D, LD
RNy & ONBIHENBES THS.

R, W, B, Y vE\LTho SRNER CE
w4 Sm(II) Zu Eu(lll) xzhFh 0~250 ppm
Sm (Ex. 402 nm/Em. 597 nm), 0~100ppm Eu (Ex.
395 nm/Em. 591 nm) OBREFHF <\ T RERIE
gt R L, FOMAMERREE (=4 BwThd 3%
UFCHEI EETERL. LaL, SmdID) W
Eu(Ill) O#EHPCERBOBBOMME S, Rk
UKD EEERY A0 BTINE, o BERE
(F.S.1) #ZE L CHEBRLAVH L EL, DB
gpcid 2 mol dm-3 WREHIC O TEREIT - 1.

3.4 HEAFVOER

FLETREW (€7 24 2) HO Sm ROAF LY
Bfy b Y v a2y Y s (YVO,: Eu) a3
» Eu #FBET 510, FELFEOFECOWTERM
L.

Sm(III) 125ppm B %\ ik Eu(Ill) 50ppm XL
4 {2 Fe(l, III) = Cr(ll) /2 LOBBERA A
oRBIIAEL AOEEY x5, oL, ERN
DEER Iy . VEBETBE X, ThhoBE
AFV ETRTA » PV A ROFLETE 2V 2V
Bl LT B XRDBIER LY REC THTED.
Sm(IIl) KUt Eu(ll) 2FECERTHEOEER L
ELEFEA A v OBEYRF LR % Table 2 R L
T,

Eu(Ill) o Ex. 395nm/Em. 59l nm DM X E
(¢s:1.9%x10-3, F.8.1 : 7.67x 107 pm) (T KEFVLDT
Bk, WA b AOEET S hoRLEERAD
DEEIEEAEZT V. LrL, SmD) o Ex.
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Table 1 Fluorescence properties of Sm(IIT) and Eu(III) in mineral acids (2 mol dm-3)

Samarium
560 nm 597 nm 644 nm 704 nm
o F.S.I o F.S.I. b F.S.I. o F.S.I.
(Xx10-5) (xX10-8) (x10-5) (x10-8) (x10-%) (X10-8) (x10-5) (Xx10-8)
H;Cl 3.5 1.82 14.1 5.47 6.3 3.42 2.5 1.57
HNOs 3.4 1.77 12.3 5.88 6.8 3.59 2.7 1.17
H2S04 4.4 2.22 13.4 5.80 6.3 3.18 0.0 —_
HCIO. 2.7 1.43 10.8 4.28 5.1 2.41 1.0 2.10
HsPOq — — — — — — — —
Europium
591 nm 618 nm 698 nm
T ST T/
ot FS.I o FS.I b F.S.I.
(X 10-8) (X10-7) (X10-3) (x10-7) (x10-8) (x10-7)
HsCl 1.9 7.67 1.2 3.71 2.1 8.82
HNOs 2.7 8.99 3.8 12.9 3.0 9.60
H2S04 2.0 8.00 2.5 8.39 2.3 9.57
HCIO. 3.2 8.50 1.9 3.60 3.0 7.66
H3sPOu — — — — — —
Table 2 Effect of diverse ions
Interfering band for Europium?®) Samarium?)
Tons Sm (III) and Eu(IID)
Added, R.F.I Found, Added, RFI Found,
Abs. max Em. max ppm -1 ppm ppm .F.I. ppm
Sc(III) 250 52.4 104.6 500 25.4 146.3
Y IID 250 50.6 100.8 500 22.4 125.0
La(III) 250 51.1 101.9 500 20.8 113.6
Ce(I1I) 250 51.7 103.2 500 27.6 161.9
Pr(IIn) 443.5, 588 250 50.2 100.0 500 21.5 118.6
NdAIII) 574.5 250 52.0 103.8 500 35.0 214.5
Sm (I1I) 401.2 597 250 54.0 107.9
EudII) 393.5 591 500 201.0 1436.0
GdIID) 250 50.5 100.6 500 25.5 147.0
Tb(III) 542, 583 250 51.2 102.1 500 29.8 177.6
Dy 1D 364 480, 574 250 53.8 107.5 500 35.8 220.2
Ho(III) 360.5, 414.5 250 51.2 102.1 500 22.4 125.0
Er(IID 364, 379 250 51.0 101.7 500 23.0 129.3
TmdJID 250 50.5 100.6 500 23.3 131.4
Yb(III) 250 52.0 103.8 500 22.0 122.2
Lu(IID) 250 52.0 103.8 500 23.8 134.9

a) Eu taken : 100 ppm (395 nm/591 nm); b) Sm taken

402 nm/Em. 597 nm DRk (¢pr:1.41x10-4, F.
S. L. :5.47x10-%uym) 3 Eu(Ill) O¥HBEOK 1/
10 X §5-D T, hg, WMHEAR2 v A0 E#ET S Eu
(L) DBKAMEZh, Eu(lll) o151 < #ik
LEREYR 525, FRC HEMERRTXEYRT2
Tb(Ill), Dy (III), Ge(1Il) (XIER/EX & % T 5.
X, Prll) o k5 Sm(I) oOFjkEE (402 nm)
KBRINEETHA4 VI AEEY B2 BT 5.

: 125 ppm (402 nm/597 nm)

Sm(IIl) O X 5y DA< 7 v LHGEEEL, MK
DOWKRN 7 750 FORBRERTE LWL
WHHIBD DA 7 + LR FREC RS 51 BE8 o
TR=—N=ASLVENFEHTH LY, thickbh 3
R EBTCROYEEZT 5 2 L/ Sm(lIl) % FRe
KEBTES.
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35 HB/ 44 ARO Sm OER

3.5.1 §AD B/ME HUE 2 € XA LTE=Y R
HURODD 5 kY AT L (250~300 2 » ¥
L), MAETHE—KrTS. 0 0.5g 2EOr 5L,
BHE 5cm® ¥k 3~4 BRI EThBERETS.
LHE, K 100cm? LAy T HFRL, FHEEK
No. 5C % B\ CABHEEYRIFN Lic. LT, Bt
DHES ChE U TFRFOFLETHEAA vEY 2 VR
HELTHE xR T Fe R ¥ 0BBEBIA VI DELR
AT S, Bobhy . vBEREYEE5 DEFTH
KL L CH LB THEBRLDE L.

3:5¢2 Sm OER (FO—~R—R5 A VEOHEA)

LRoFETE LR EHEIETERLD Y —ERHO
5L, BERCINBISRL, KTHRLTRIEHEL
T 4mgem-® FRYFAB L. Sm 2EBTHHE,
3-3 OHBECRVEBRTO &, 34 WRLLISITE
LHIEERD) A A VIREBA, 775V VYO
My r p ERrER‘ EEchHS (Fig. 6 2R). £
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T
= i 1
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]
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2 30F v\
fry
1 | 1 1 1
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Fig. 6 Corrected emission spectra
Ex. 402 nm; Band pass: Ex. 10nm, Em. 10
nm. Sample : rare earth oxide 4.0mg cm~8;

Dy:1.0mg cm~-3
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I : signal intensity
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Narrow base line method of Sm(III)

(A) narrow base line method : — Sm and Dy,
--- Dy background; (B) analytical curve of
Sm(IID) : Band pass=Ex. 10 nm, Em. 10 nm

LB, WE, &E, BER, @) SRERRCEIEY <Y VA, 2y R EY ADQBEKYE 267

Crr—_—2I A vEXERA L. Tihbb, Fi

7(A) iRLI X 5 KRB OMEA 7 b 12 JE
L, Sm o¥EEABEC BT HHRE (€708
X) % P L, xofigcthth 3nm fhicfik
R s kEmEY TR Th 6, b L THE, TR
x5 A4 v rramEg I Xl tRIhD.

.............................. (1)

SmIN) #WpEsr I Lo Btk s RER (Fig. 7
(B)} I b Sm(Ill) DEEH RDBH. £/ XA 2%E
B L D AF LickE A Table 3 Rl 7ods, &
BBty (Sm0,) S81I:R(2) XhREHLL.

Sm;04(%) =A X Mg /R.E.O. x 1.16 ----c (2)
coC, A: MhoREETERILYO FHEESR
(%), Msm * 3VFFR D Sm OWEME (#8), R.E.O. 1 &
ZLETERIYOLIE (#8) THS.

I=P—(a+tb)/2

Table 3 Fluorometric analysis of Sm in mineral
sample and Eu in phosphor

Fluorometric ICP-AES
Insoluble  Total analysis method
residuve, R.EO.,, ——@——~ —
% %  Found, Sm20s, Found, SmzOs,
ppm % ppm %
Xenotime (A)
24.3 45.8%) 50.0¢) 0.64 51.79 0.67
45.6 0.59
45.6 0.59
45.2 0.71
Xenotime (B)
25.7 46.28) 45.69) 0.61 49.11 0.66
45.6 0.61
43.0 0.58
50.0 0.67
Found, Eu:0s, Found, Eu:0s,
pPpPm % ppm %
Phosphor (YVOs : Euw)
0.70  45.8»  58.50)  3.72 60.13 3.82
61.3 3.90
59.8 3.80
58.7 3.73

Xenotime (A) and (B) were obtained from Santoku
Kagaku Co., Ltd. Sample taken: 0.5g. Sample so-
lution was 1.0mg cm-3 of R.E.O. (a) and 4.0mg
em=3 (b). R.S.D. (%)=4.57 (c), 2.90 (d) and 1.28
(e)

¥, x4 230828 b0 Sm SEIBLY LLTX
)24 n (A):0.63%, €7 5142 (B):0.62% TH
h, ICP-AES g:¢ EE LM {(A) :0.67%, (B):
0.66%} & M X {—HLT\5%.
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3.6 ¥tk (YVO,:Eu) i) Eu R

3.6.1 HEORWE UE AR EL YT
BH—L, 20 0.5g #ALBOIECHEO 5L, B
S5g DHRAE» U v 2%z TmMBGERIT 5. B,
2mol dm~3 iEEA%Y I\~ CHMEL, 3-5-1 O FEIc # L
TY RO Eu g UFHETGHEAN) 14 vk v . vl
UWBELTVIDHEEL, AL CHBKILL TR
1t & Ut

3:6:2 Eu OFER  LEofETEbLR Bty
D—EEXHEO 1 5L, BEMTMBRERL, KTER
LTRREE LT 2.0mgem=3 @M L. 70
—EEESIL, 33 OFECIDERLE. REbo
=y ey AR{EY (Eu,0y) SE1IXG) X v HHT
%.

Eu,05(%) = Ax Mg, /R.E.O.x1.155 -.-(3)

ZCT, A ¥KAEPO B (v vBEL o  BE
L¥) DEFELE, Mg, @ R¥ o Eu o 5
(+8), R.E.O. : &FH LT EBILYOHTE (18) T
H5.

Wk YVO, : Eu o bikBEo—f% Table 3 o
AT Auici@sio Eu SBaBk®H & LT 3.79% ©
H b, ICP-AES ¥:ic X 550HHH 3.82% & X —FKL
T3,

DlED X 5 Akt v o v e o B DA D 8 3 7o
BB R REE 2T, FomB{thi ERCIEmT 57250
T, M, REIOEHER Sm KO Eu BEETX 5.

FHREERBITT 5ic Y%y, ICP-AES fiiciy %
BBy, BAEEREY R EIT 28RS
B mELcmsL T,
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Fluorescence properties of samarium (III) and
europium (III) in mineral acids, and their use
for flaorometry. Yuji Ueno, Nobuaki Sasaoka,
Kiyotoshi MorisHiGE, Tsunenobu SHIGEMATSU and
Yasuharu NisHikawa (Faculty of Science and Tech-
nology, Kinki University, 3-4-1, Kowakae, Higashi-
osaka-shi, Osaka 577)

Samarium (ITI) and europium (III) ions in the so-
lution of mineral acids showed specific fluorescence.
This fluorescence displayed apparent energy splitting
which was different from the thenoyltrifluoroacetone-
trioctylphosphineoxide complex. This communication
reports the optimum condition for the fluorometric
determination of Sm(III) and Eu(III) in hydrochloric
acid solution {Sm(III) : Ex. 402nm, Em. 597 nm,
$r: 1.4x10-4, F.S.I (fluorescence sensitivity index) :
1.41x10-8pm; Eu(III) : Ex. 395nm, Em. 597 nm,
$r:1.9x10-3, F.S.I. : 7.67x10-7pm}. Sm in xeno-
time and Eu in phosphor[YVO, : Eu] were analyzed.
The procedure for the analysis of Sm(III) and
Eu(III) was established as follows : The rare earth
mineral sample (xenotime) was treated with hot conc.
H,50,. The phosphor was fused with KHSO, and
the resulting cake was dissolved in 2 mol dm-3 hy-
drochloric acid. The rare earth were precipitated
with oxalic acid from the digested sample solution.
Then, the precipitates were filtered off and ignited to
give the rare earth oxides. Appropriate amount of
each was dissolved in conc. HCl and the solutions
were diluted with water to give 2mol dm=-3 hydro-
chloric acid solution. Sm in xenotime was analyzed
by narrow base line method. The fluorescence inten-
sities of the sample solutions were measured at exciting
wavelengths 402, 399 and 405 nm with fixed emission
wavelength of 597 nm. Xenotime(A) contained 0.63
% of Sm,O; and xenotime(B) contained 0.629, of
Sm,0O;. The fluorescence intensity of the sample so-
lution was monitored at 591 nm with excitation wave-
length at 395nm for Eu in phosphor. The content
of Eup,O; was 3.799,. The relative standard devia-
tion of the measurements were less than 59, for
Sm (III) and Eu(III).

(Received December 26, 1987)
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