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AAH Aol A 2ol Sty HFEF
A 5 FEBA R ALLSE Zircaloy o oz &
Adte FJEF 445 254 29 g4dd
ol A+ = #&E dAF WA} o=z
olE& AFdte AL 3 Fasdth 2y
HEF 4452 334 4o dgs] Faret
o AN 4% F8 AFhe 4 dd
oz Aoz g#A Sl

JEF A48 Aggoeze A4 $H3E
ol &7 & Ak, & FrAlast Aot Al
Fo NEF 94 APl AeA0] R,
4-(2-Pyridylazo) -resorcinol (PAR), Arsenazo
III, Methylene blue, Alizarin red 53} &
WA A ok g AR M A AAY QaFl
g Ad o] Qo] Aol olE& e &
Zro] 3 g3}rp~s,

g LAgow EF Y4aE AFE d,
g3o] o fao RAAE Sodium tungus
tate, Theolnytrifluoroacetone (TTA), Hexaflu-
oroacetyl acetone(HFA) 53 & =34 & Ab
L3t F3o] AAE 2dF F AAT o] W
W 94 AYEst Boss 4R £
Wg o] g3l w ) IERF Y&E5S AT
= ye JER Q259 F4 el AdAH
glel A Este Aol glejok Fep,
X-4 FFEAE L 2 53 A7 20H0.01%
ol ) mFEAdE APt ez & 54

ZBoylgo g X-A& g3t 438 &
o gA feEhgolvt A2zl 5| 8A 9 7
Fo JEF 445 E A 3k g 3
A AT AT7AA7T ool w2 v 9-
Augt AYAA S 33 B33t oA & A8t
= o] AA =z 4A 29 F A= o) v
WE B A eAst & okge] A=k
2Ed v JEF JAES T EAE
T e dHezd ey, EEE 2 Aza
'3 e Az 3y AEEE ¢lo] ¥Ed
(group separation)wlo 2 Agko] rl%dlcf,
Birks'’ 5ol A=} 34 JEF 2 EFs
Pellet & wh&x FelAF& Alg3ste] £A43% 4
3} Hettel'®50] o] =g midFoA JEf ¢
a5 FAE P2 A, 78 2 oJEF 9%
As] wEe] 14719 R FE£ES FA
Aol AgeA] g, =% HAaHE
AAs7 98] A}L31= buffer 24 Feldman!®
T v otd & AMSIY 2 Zmbova® &
graphite #4-& Atg3tglov, ZE JEF 4
E5s APz AxA ggd. 2 479
71248 o)A graphite 0% buffer 2 A}83F
A3t arc 7b Hds] Ebgstn I EF 9459
AZEL 27 g5e 9t IFEF 449
ABEE FAANS A4 Briw?Ee 2%-
AgCl-graphite(w/w%) & A 2 AHg3te] 9
A JefF YEEEL FA F4E 5 1ok



24 4E 4 4 98 HER 94

28y b A Fdicte Add kR 2 A
77k o) EH o2 doj A= Aol ofviw, A¥
o2 doJA & Hol7] dEd oo dl BF
st EA el wetA B dFeAE &
A 24 dubd o2 Alg3slw 9= NaCl, KCI,
LiF 2 AgCl & A1 43tz AEFL2Y ARE
Hlm EZAste] AR kA Ashl s @
Lz} A Z 819 v},

d4 #H

Alek, Lag0; NdyO; Y305 CeO, PreOnn
EryOs, LuyOs, Tmy0s, YbyOs, TbyO; HooOs,
Dyz05; Gdy0s;, Smy0; ¥ Ew,03 & X 99.9%
o] A2} Aldrich A}, Johnson Matthey A}, Wako
A} A EL A8, graphite powder =
Union Carbide ] 200mesh ©]&}9] A& AL&3
gomr, AgCls} KCIl-¢ Johnson Matthey Al
AEL, LiFE Merck A9 53448 83}
ek,

Table 1. Instrumental conditions

Spectrograph Jarrell-Ash 3.4m Ebert
590 grooves/mm grating, first
order

Wavelength, A 2900~4200

Slit width, mm 0.01
Slit height, mm 2
Step Filter 100~36.8~24.6% T

Excitation source Jarrell-Ash Varisource, dc-arc

Voltage, V 220
Current, A 9.6
Polarity Sample positive

Electrodes Sample-6mm diameter, 16mm
long 4mm crater depth, 3mm
crater diameter Counter-38mm
pointed electrode

Controlled Stallwood Jet

atmosphere

Ar+0,(8: 2)
Electrode gap, mm |4

Gas Mixture

Exposure time, sec | 65

Kodak SA-1

Kodak D-19, 20°C, 5min
Two step method, Iron arc

Emulsion plate
Developer
Plate calibration

€ 54 3% 343

2FEEY. IFLTYL JEFLALES 0.01pg
—6ug/10p1 ¢ T =7t HEE 3M HCl o] =< &
R ALY L o] §AFo olEFE, z ¥
=7 0.16pg/10pl 7k HEE HAAsAd @
CeO; w2 HNO; ¢t Hy0, = 233tz ZwtAw
AZAgg 3M HCl 2 1A o gtE9ic)h

EMA|R, 24kA ¢} graphite powder & 1:1 2
4ol Wig-L-Bug 2 & 24 83} Spectroscopic
buffer 10mg & v]2] A]<k8- Kerosene .8 W=
A g AFTFHA AL = A7 243 =
TEH 10 & ARG ohe AN S0z Az
A Z e},

72171, MEEBEAN5)=  Jarrell-Ash  3.4m
Ebert Type & A3tz ARz &3
Jarrell-AshA}9] Microphotometer & AF-23}9]
oh A7l 27 Table 15 7Ev),

Haut Y nFE

dc-arc & Spark W B} A xs Exqt A
Aol glemz 4 A d49 wa 7 ol
H X W 2EES At ot AdAYYE
A}E 4& F vk JAEF 949 A 24
ol Pd, Zr, Tm5& ¥ TE£E2 AT 9
b o 2 qFol e &84 42
o] Hxte] wlkdtn 2d o] wwA s

Table. 2. Analytical lines and excitation potentials
of rare earth elements

Wave- | Exciation Internal Wave- Excitation
REE le(ng;h pot(intlal standard length | potential
v) A (ev)
Lu 3077. 6 5.6 Y 3242. 2 4.0
Yb 3289.3 3.7
La 3337. 4 4.1
Gd 3422. 4 3.8
Ho 3456. 0 Y 3611. 0 3.5
Tm | 3462.2 3.5 3600. 7| 3.6
Tb 3509.1 3.5
Dy 3531. 7 3.5
Sm 3634. 2 3.6
Er 3692. 6| 3.5
Eu 3971. 9 3.3 Y 3710. 3 3.5
: 3774. 3 3.4
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olEEE

AR dx59

25 e olFel vk =EA 7 =
LS 44 WREEEY ARE e 4 e
AZkel FAGe]l F 1¥5¢ AT Aoz vt
Bkt (Fig 1. 2449 A" g & o
£ 45y WEdel dAHA 42 Aoz A
gatgiet, o5 549 Erd) 39 3372.71A 9] %

ZA40] ZA57} 3= s 3372.8A ¢ Q= Ti
9] BEA o Fol 938 AAEsF Bed %
3692.65A & A Aoz gt =22 7g

Table 3. Detection limits obtained with different
carriers (in micrograms)

Carriers
Elements
AgCl | LiF (AgPhE | kel [RCEE
Lu 0.28 0.28 0.19 0. 28 0.19
La — 0.28 0. 28 0.28 0.19

Gd 0.28 0.28 0.19 0.19 0.1
Ho 0.28 0.19 0.19 0.1 0.05
Tm 0.19 0.1 0.19 0.1 0.05
Tb — 0.29 — 0. 28 0.1
Dy 0.19 0.1 0.1 0.1 0.08
Er 0.48 0.19 0.28 0.19 0.1
Eu 0.48 0.19 0.19 0.1 0.1

Table 4. Detection limits and working range of rare
earth elements

Analytical | Detection Range of
Elements line limits  |determina
(A) 2] tion (ug)
Lu 3077.6 0.08 0.12~1.0
Yb 3289. 3 0. 005 0.01~0.12
La 3337.4 0.08 0.12~1.0
Gd 3422.4 0.08 0.12~1.0
Ho 3456.0 0.04 0.08~0.5
Tm 3462. 2 0.04 0.08~0.8
Tb 3509.1 0.08 0.12~1.0
Dy 3531. 7 0.02 0.04~0.5
Er 3692.6 0.08 0.12~1.0
Sm 3634. 2 0.2 0.3 ~2
Eu 3971.9 0.08 0.12~0.8
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Fig. 1. Effect of exposure time on analytical line
. . . Yb(3289.3 A) Dy (8531.7 A)
intensity ratio. A Y (3242.2 A) O Y (3611.0 A)
o Ho (3456.0 A)

Y (3611.0 A)

Intensity ratio

I L 1 311 1 |
0.5 1.0 5.0

Concentration in micrograms

Fig. 2. Calibration Curves obtained from different
analytical line. Carrier: KCI+LiF (1 :1)/graphite
powder(1 : 1), Atmosphere control gas: Ar+0,(8: 2),

Er (3372.7 A
Step filter: 24.6%T O—Yr((:g—m.—z—ﬁ‘

Er (3692.6 A)
® Y (3611.0 A)
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Fig. 3 Calibration Curves of Dy obtained from
different carriers. W : KC1+LiF(1 : 1) A:LiF @ : AgCl
+LiF(1:1) a:KCl O:AgCl Step filter: 24.6%T
Atmosphere control gas: Ar+0,(8:2)

Dy (3531.7 A)

Y (3611.0 A)

FEE THAE AERE W& arc & 1A A
T arcEFE FAY ol dxE 25144
ol &Ad BAEE FAAR Y Busta gl
=S A5 255 fFaq4 2 Atz CN
gt Zell 28 CN Band o] g4 & A 3},
FEE SV E HAor o 9,
Aol A 7153 535 X8 &3] 2ol=
+kAl E4 2% AgCl LiF, KClSe] 9z,
o5 wFoz ALY e wrh=KCI+LiF

1:D9 £FEL A= ALy e w7
AAE7L FrAete SA/A ol Bt Aom
ettt (Fig 9. $4AE 85 2512 o
= are 7t s ELANA T E97 24 HA
(atmosphere control gas) & A28 S wo] = 3
ER 9259 #2 ~9Efg9gdd CN Band

Vol. 28, No.5, 1984

= A)
I.OL >
05k
-t%’ [ S A IR 1 [N I
>
2 -oB
I
E /
Lot
o5l
P I R 1 IR N
0.5 1.0 5.0

Concentration in microgroms

Fig. 4 Calibration curves of Er and Eu obtained from
different atmosphere. QO :Ar+0,(8:2) A :Ar+0,
(7 : 3) Carrier: KCI4+LiF(1 : 1)/graphite powder(l :
E .9 A
1) 10mg, Step filter: 24.6% T, A:*'—Yu—((??—%’zc}_—?)“ML
B: Er (3692.6 A)
Y (3611.0 A)

fijo

b vEE 84 25 Ao AFAE o
T A%

%4 (arc source) §-9]19] #4917 22 7AE=
CN Band & AAE 98] Ag3te Aoz, &
¢ Arghg AHE3bd CN Band & A A=Y
JEF AaEe] AR=s dsA degimz
Ar+0;9 E3VNAE AHL3e] 2 Aoz ¢
HA Ag®, R AdzAes Ar+0, £3 7
A HE WA £ A9 7:338:2 4%
9 24 AREE ZANE &23E 2+
A3 53 8:2 24 EPNAE AL
9 Er, Gd, Tm, Ho, Th2] =& =747 =
AAE 45 T A4k (Fig. 49

AelA AEd dHAJ2AES A BT,
KCI+LiF(1: 1) £¥ESL 982 319 Step
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Fig. 5. Calibration curves of rare earth elements 1)
Ho. 2) Gd. 3) Lu. 4) La. 5) Yb. 6) Dy. 7) Tm.
8) Eu. 9) Tb. 10) Er. 11) Sm. Carrier: KCI+LF.
(1 :1)/graphite powder (1:1) 10mig, Atmosphere
control gas: Ar+0, (8:2), Step filter: 36.8%T.

filter 36.8%, 297] 24 7|A =2 Ar+0,(8: 2)

£ A 22 1A EF e AF A
FHAE Fig 59 2] & 7 3o, o F
2715 A 1159 JEF daEE FTA
A%

E 3
T 7 Q& Ao g

28 &

o

1. M. V. Krishna Murthy and D. Satyanarayana,
Microchimica Acta (Wien), 1, 97 (1980).

2. L. G. Surin, P.K. Spitsyn and V.F. Barkovskii,
J. Anal, Chem, U.S.S.R., 34, 848 (1979).
3. S. Bhattacharya, S. J. Lyle and R. Maghzian,

Talanta, 27, 59 (1979).
. R.W. Rhinehart, Anal. Chem., 26, 1820 (1954).
5. Foster Dee Snell,

>

“Photometric and Fluorometric

10.

11.

12.

13.
14.

15.

16.

17.

19.
20.
21.
22.

23.

25.

26.

27.

29.

Methods, of Analysis,” Part 2, P.1855,
New, York, U.S.A., 1978.
R.P.Fisher and J. D. Winefordner, Anal. Chem.,
43, 454 (1971).

D. E. Williams and J. C. Guron, Anal. Chem.,
43, 139 (1971).

Tomitsugu Taketatsu, Talanta, 29, 397 (1982).
J. G. Sen Gupta, Talanta, 23, 343 (1976).

Wiely,

J. G. Sen Gupta, Geol. Surv. Pap., 80, 296
(1980).
F. W. Lytle, J. I. Botsford and H. A. Heller,

U.S. Bur. Mines Rept Invest., No. 5378, p.16
(1957).

F. W. Lytle and H. H. Heady, Anal. Chem., 31,
809 (1959).

A. N. Zaiel, Vestnik Leingrad Univ., 15, (1960)
E. L. Dekalb, V. A. Fassel, T. Taniguchi and
T. R. Saranathan, Anal, Chem., 40, 2082 (1968)
T. R. Saranathan, V. A. Fassel, and E. L.
Dekalb, Anal. Chem., 42, 325 (1970); 42, 1246
(1970).

A.P.D. Silva and V. A. Fassel, Anal.
43, 1406 (1971).

F.T. Birks, G.]. Weldrick and A.M. Thomas,
Analyst, 89, 28, 1476 (1956).

Chem.,

. H.J. Hettel and V. A. Fassel, Anal. Chem., 27,

1311 (1955).

C. Feldman and J.Y. Ellenburg, Anal. Chem.,
30, 413 (1958).

B. Zmbova, Talanta, 18, 117 (1971).

B. Zmbova, Talanta, 18, 755 (1971).

De Brito, Joao, Lordello, Antonio R., Abrao.
Alcidio., Publ. IEA., 415, 25 (1975).

N. E. Cohen, R. D. Reeves and R. R. Brooks,
Talanta, 15, 1449 (1968).

A. G. 1 Dalvi, C. S. Deodhar and B. D. Johi,
Talanta, 24, 143 (1977).

D. L. Nash, Appl. Spectrosc., 22, 101 (1968).
E. H. Amstein, J. Soc. Chem. Ind., 83, 9172
(1944).

E. E. Vainstein and Y. 1. Belyaev, J. Appl.
Radioact. Isotopes., 4, 179 (1959).

Y. Osumi, A. Kato. Y. Miyake, Anal. Chem.,
42, 664 (1970).

R. G. Keenen and C. E. White, Anal. Chem.,
25, 887 (1953).

Journal of the Korean Chemical Society



