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Abstract : A survey was made on detection limit, reproducibility, matrix effect, linear dy-
namic range and the memory effect of yttrium and europium in order to analyze rare earth
elements which exist as impurities in the rare earth oxide which is raw materials of fluor-
escent substance.

When analysing a certain amount of thulium quantitatively using inductively coupled
plasma mass spectrometry, it was found that the analysis was interfered with EuO™ which
is one of polyatomic ions caused by plasma.

As the intensity of thulium linearly proportional to the europium concentration, it was
possible to the determine the actual concentration of thulium.

Key words : Matrix effect : rare earth elements, Thulium, Eu0?

LME EF 9a5e FUEEA 67710 S5be s A
Aol vl frAkabr] wlBoll AaFelel W o &l
s e8i gap$ 579 lanthanum¥ e LAAE ok HEF 948 APnlelsz spectrophotomet -

718] lutetiumZ}# 1570 94§ @3l yttrium} ry!, X-ray fluorescence spectrometry”, flame pho-

scandium& Z7}et 1770 9425 S shed @it 3 tometry®, atomic absorption spectrophotometry’,



)
o
ox
o,

emission spectrometry(arc)’ % I[CP-AES %o| 9l
t} E3] ICP-AES+ 3 EH (20 s 9 e
Z Frg gol ol 43le] gtom ICP-MSe] ¥-3to g
Qlsle] Srulef $-M 7R 7hgstA = et

ICP-MSt= ¥& et |8 53 #He 9
matrix 2§32 v|gF A Bl gloj ] g2 A7t
of W ik 7‘%*5} 7 ol A 7] 7)elch

Ton source,‘}_f&i ICPe] A& 347, 524, 74, vl
S, AEE 9 = habar Fokell A B WHE AE
ghod show, ulaf, SujaF FA oA glol e qF 2 7]
712 sAslksdch

Zefvh ICP-MSE 3 7hA] whal] od o] dejxlo
v, B3] matrix?| 3oz qlsled £ o2 U
7F oz At Erkshir AARE Hlo g4 7] 7|2 A
g FA517] ey FeFEMe EAH LR o F
s olek Alge] sl A] ALE-E 3 4kell oisf v}
e}rhd background spectrats 1~84 am.u7bA] thok
Bl vhefvbe] AlAY, A4k, Sk el T 2ET(18M
vERb
SERL RIS A
qL Zpl=ul 8 4] A] A5 & o} 23 <1 x] polyatomic

ns& A Adste] FaE Fu 212 AgshEt A
&%éi Al o] Hel% A U accessories®] &3 WA
o8 of2 oo o 3hg W= AT HEFA v} o}
A= FAo|u},

“c‘;""é 408 F2 AbgEAE HER FAHL bas-
tnaesite(LnFCOs3),
(YPO,)) 5o Alglgon 933 o5& olv] 93}
of HAF Fel, WA H FEAHE Ao} s, o]
gt AAoll A BgEe

o
o o

el

ohm cm)ell A % spectras=
kground spectra table o] u

monazite(L.LnPQ,), xenotime

3 ZAFSE, B8] Gl
¥ 3 g AbslEe] R, HAllA EeER &4
REEs(Rare Earth Elements)2} #4-2 a3k a9l
T2 Sl FE o8 ek FE AEHES
o, 3 YRR AL EE s £ 3R "}ﬁ}' (Y
Eu):0u Eﬁ T.V.2] red¥-g& vie} B 2
Y07} FAFolv Ew0s7} 5% o3}, 7]E)r 8 B/
ppm % °] &2 &A%
2 Ao A& ICP-MSE ol&8le] 3|EF ¢4
o] AagAl, AEAd, B4 ¢, memory effect ‘i—! 1
ng/mi o8le) TF-SN e Hakdg 2 o 4be

ojsf ol AE FEprEA G mabstol, s 4

o],

d], o]ol #&F bac-

o] §41gk REEs2] A 46l glojx] 7]7]¢] £4-8
olaisli &Y ARE d& ¥ 28 FEE 5}y
c}.

2. AlEHuY

2-1. 77| & Al
B Adel Argxejzl ICP-MS+ %+ VG El-
emental®] PQ2-+ ®wolw] nebulizert= Meinhard
Abg-atde). £ 7]7]e 2709 ro-
tary pumps®} diffusion pumpel] &l &) z-Lx

concentric types
£
8}9d 2™ operational condition-& Table 1ol 28}
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Tuble 1. Instrumental operating conditions for REEs
determination using scanning mode

Inductively coupled plasma

Forward power 1.35kW
Reflected power <OHW
Coolant gas flow-rate 13.0 // min
(outer)
Auxiliary gas flow-rate 0.6 // min
(intermediate)
Carrier gas flow-rate 0.8 / /min
{inner)
Solution up-take rate 0.75// min
Sampler Nickel, diameter 1.0mm
Skimmer Nickel, diameter (.7mm

Spray chamber Water cooled

Optimisation Maximum response
Ion lenz In'"

Date acquisition Multi-channel
Pulse counting scaling(MCS)

3] E AbghEe] gafol| A}83 HNO:9} E& 8 =
#AA] A7kl HNO;&= %<9 MerckAh2] suprapur
grade® AH83tlon, 2 Milli-Q8 3412 24
(18 M ohm cm) & 24819t} Europium oxides}
yttrium oxidet= ©|=F Aldrich ChemicalA}e] 99.
999%% l&3txich. Selzvl 4] 2185 ola
o] £XE 99.999% o]4to] 3, REEs®) §& 4.2 v
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ICP-MSel 23} 3334 4-(Y, Eu).0; & &

= Aldrich ChemicalA} ¢} & 2 Junsei Chemical*}e)
1 AE&3-4 1000mg /] standard solutiong 3} 4] 8}
Ab-g-stolct.

2-2. AR Hx{2

Sample weighing about 1.0 gram

|

Dissolution

20m/ of HNO,(1+1)

at 70C for 30 min.

.Dilution into 100m{ Vol. Flask
Determination by ICP/MS
3.¢a g o

3-1. REEs isotopes A& 3! 2 &84

A EH A& AT AAA @2
vatomic ionsel| &) &) WalE A A v YA AE Table 2
o 28lq 11, zhzhe] I EF i g 53 A"
2 Table 343 o} Fotrh 717] 2 XHEH.*&’O] gy
Ho2a 7HEFAE A s ol B i) Fd
c}. 7]71 2] viedat-8-3) REEs £4 84 50ng /m/ %
o) w2 A A4 A2 A E Table 4ol FEFsbedeh

Isotope ratio software® o]&3&ted 1% HNO.E
blank &2 & s}, 1% HNO, blank &8 F 33}
REEs 50ng /m! 7 49-& A A3tsich Table 4ol v}

mass No.2} pol-
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Table 2. Choice of isotopes for REEs determination

Elements Mass No. Abundance Interference
(%) ions
Y 89 100
Ce 140 88.48
La 139 99.91
Pr 141 100
Nd 146 17.22 BaO~
Sm 148 11.35 Nd™, BaO?
Eu 153 5218 BaO", BaOH"
Gd 157 15.7 PrO*
Dy 163 24.9 SmO*
Tb 159 100 NdO”
Er 166 3341 NdOT, SmO”
Ho 165 100 SmoO*
Yb 172 2182 GdO™, DyO"
Tm 169 100 EuO"
Lu 175 97.41 TbO?
Eh}Eio] REEs®] #&&4l: 0.00lng/mlslA 0.
02ng / mi7}A] 9}, Table 49l 23 HEPA =

SERE ST

71254 (detection limit) =

3(10)e
N.S.—N.B.

o]714], 5 : blank®] FFH 2}

N.S.: 50

ng /m/{2] 3 count

N.B. : blank®]| 33 count

i

3R AsE

Zz¢] REEs #&%&

Table 3. Reproducibility of REEs for Ing/m/ and 10ng / m/ standard solution

X 50ng / m/(REEs)

2]%} calibration

La Ce Pr Nd Sm Eu Gd Tb Dy Er Yb Lu
STD? X 1.3 102 1.0l 108 101 106 1.06 1.02 105 102 106 1.04
Ing/ m{ o 010 005 010 010 010 004 010 008 010 006 008  0.00
STD X 10,0 10.1 9.9 9.9 10.4 9.9 9.9 9.8 10,2 102 101 9.9
10ng /m/ a 0.2 0.3 0.2 0.1 0.1 0.2 0.3 0.2 0.1 0.1 0.1 0.2

* : standard solution
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Table 4. Determination of detection limit with REEs

Ele. D.L(in solution) Q.L(in solid) Ele. D.L(in solution) Q.L(in solid)
Y 0.004ng / ml 0.013ug /g La 0.003ng / m/ 001 ug/g
Ce 0.005ng / m{ 002 ug/g Pr 0.004ng / m! 0.01 ug/¢
Nd 0.01 ng/m/ 003 ug/g Sm 0.02 ng/m/ 0.04 ug/g
Eu 0.005ng / mi 002 ug/g Gd 0.005ng / mi 0.03 ug/g
Tb 0.002ng / md 0.007ug/g Dy 0.005ng / m! 0.02 ug/g
Ho 0.001ng / m/ 0.003ug/g Er 0.004ng / m! 001 ug/g
Yb 0.005ng / m/ 0.02 pg/g Lu 0.001ng / m/ 0.007ug /¢

Detection Limit is 3 ¢ blank(1% HNO;)
Quantitation Limit is 10 ¢ blank(1% HNO;)

D. L, Q. L Values were determined using a scan from m/z 87~176.
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Fig. 1. Calibration curves for Ce'", Er'™, Dy'"™ and
Sm'* from Ing/m/ to 50ng/ml in 1% HNOs,.
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Fig. 2. Calibration curves for La' Tb'™ yp'7,

Tm'™ and Nd'¥ from Ing/m/ to 50ng/m! in 1%
HNOa.

3-2. REEsO}} th8t europium®] matrix effect

Matrix effects= 717]2] incident power, sampling
depth 521 °38kB.r} carrier gas flow-rateol] ©] 73}
A oy wri=ck” 2 Mg A& carrier gas flow-
rate® 0.80//mine & 1A 3teich Eu X2 Wizl
A ol QAv}t dekg W] dolRs] f13ked Bu ¥
%2 0lmg//%€ 1000mg//7tx] 37w A
REEse] o18x8 zabsleir). Fig. 3¢l o&le] Er'Y
& Eu'™0" polyatomic ion®] Aol ols) Nz13}HA
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europium for about one minute was introduced and

it was replaced with blank solution(1%; HNO;) and
signal counts monitored every 30 sec. for 20 minutes.
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3-4. Europium matrix = thulium2| & 2}
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R.C.=M.C.~(0.15X-+0.91) (high conc.)
R.C.=M.C.—Exp(0.67LogX —0.19) (low conc.)
R.C. : thulium®] A ¥ %
M.C. : thulium®} &% %

- At

T At 9 A& o] 4319 Eu 50mg//o Tm 10, 20,
30ng /miE AH7}sted 248 AAE Table 6ol S23}
Ao H e wi= 98.4% o] Aolsit). Tuble 63 7+-& 7
HE el SR HEx o Sa Fo) Ryl ¥ 8
A3 FAslodol stidl, B Ay n)j2
ARL4}F2) 3510 ICP spectrometer& A}-4-8}oic). Fig.

11ell (Y, Eu).0,9] scanning spectrum- EAEF 1,

Table 7ol 258 &4 A8 pEslqc)

X : thulium %% A} europium® %%

A AE TE2EZN Eu EAstl M E TmE A

Tuble 5. ICP-MS data for collection of Europium background using added Thulium 5, 10 and 20ng/m!/ stan-
dard solution

added thulium conc.
5ng/m{ 10ng / m/ 20ng / md
Eu conc. found 4 found 4 found 4
Img /! 5.59 0.59 10.81 0.81 20.75 0.75
10mg /! 743 2.43 12.46 2.46 22.62 2.62
50mg /{ 14.19 9.19 18.63 8.63 28.73 8.73
100mg /! 20.84 15.84 20.24 15.24 35.46 15.46

4 :found conc. —added conc.

Table 6. ICP-MS data of the mean and standard deviation for each standard solution after using collected

equation
added thulium conc.
10ng / m!/ 20ng / m/ 30ng /m!
uncorrected corrected uncorrected corrected uncorrected corrected

X 18.25 9.84 28.35 19.94 38.41 29.83

a 0.4 04 0.5 0.5 0.8 0.8
Tuble 7. Determination of rare earth elements impurities in the (Y, Eu).0; by ICP-MS

La Ce Pr Nd Sm Gd Tb Dy Ho Er Tm Yb Lu

L2 0.2 0.7 0.7 0.7 04 11.5 14 0.5 1.0 1.3 0.5 0.2

Eu conc.:3.9%
All concentrations are quoted in parts per million by weight.
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Scanning spectrum in 1024 channel over range m/z 137~179 including skipped mass regions m/z
. Eu).0y, showing resolution of impurities with a dwell time per channel of 160us and 500
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