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Table 1. Instrumental data for simultaneous determination

Microwave irradiation oven
by HANSEN & CO., LTD.

Instrument MCS-950

Power 2450MHz - 950 W
Pressure 0~200psig
Temperature 0~200°C

Inductively Coupled Plasma Mass Spectroscopy
by Yokogawa Analytical Systems

Instrument Agilent 7500
RF power 1300 W

RF matching 1.6V

Ar carrier gas 1.2L * min~!

Table 2. Limit of detection and lower limit of determination

@ b
REEs eaﬁz}mﬁ) Umkzggrw
S 0.013 0.041
vy 0.001 0.004
La 0.006 0.018
1 Ce 0.002 0.006
141y 0.0002 0.0007
1 Nd 0.002 0.007
1Sm 0.005 0.015
151 By 0.004 0.014
9Gd 0.007 0.021
19Th 0.001 0.003
16Dy 0.004 0.014
16 Ho 0.004 0.012
6 Er 0.001 0.004
16 Tm 0.004 0.012
" Yh 0.008 0.024
7Ly 0.002 0.006

L.D.? :Limit of detection
L.L.D.” : Lower limit of detection
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Table 3. The result of Model experiments #1

Model Experiment #1*
mass without IL.S.E  R.S.D with LS.E R.S.D

rg kg™t % ng kg! %
43¢ 20.10 1.59 20.13 1.40
9y 20.13 1.76 20.02 1.41
191 20.51 1.14 20.30 0.96
140Ce 20.46 1.66 20.21 0.43
141py 21.47 2.38 20.27 0.99
14Nd 20.66 121 20.40 1.05
150§m 20.54 3.27 20.32 1.69
13 Ey 20.28 1.95 20.20 1.17
157Gd 20.31 1.32 20.05 0.81
19Th 21.52 3.87 21.05 1.28
163Dy 20.17 3.38 20.10 1.82
165Ho 21.18 2.77 20.97 1.73
167Er 19.99 2.72 20.04 0.42
19Tm 21.44 6.55 21.12 6.08
13Yh 19.95 3.32 19.95 3.45
STy 21.00 2.75 20.72 1.45

L.S.E: Internal Standard Elements
(Nb for Sc and Y, In for La~Eu, Re for Gd~Lu)
* The quantitative analysis without/with
the internal standard elements for 201 g kg™!
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Table 4. Spectroscopic interfaces on the mesurement mass

Interfered Interferences

REE M!'°O* M!O'H*

123Tel60+ 122Tel601H+
139La

123G 160+ 12261 160 T +
14OCe 124T6160+ 123T61601H+
141Pr 125T6160+ 124Tel601H+
143N d _ 126Tel6Q H +
147Sm — 130Ba1601H+
ISIEu 135Ba160+ 134Ba1601H+
157Gd 11pp16Q+ _

143Nd160+ 142C61601H+
159Tb

— 142Nd 1601H+

163Dy 147G 160+ H6eNJ 6O H+
165H0 149Sm160+ 148Sm1601H+
167Er 151Eu160+ 150Eu1601H+
169T'm IS3Eu 160+ 12Ey 1601 H+
173Yb 157Gd160+ 156Gd1601H+

159Tb160+ 158Gd1601H+
75T 4

_ 18TH160 I+
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Table 5. Polyatomic ions and the ratio of those generation on
the mesurement mass

Interfered Interferences
REE Ia % MO* (a %) MOH" (B %)
141 pr 100 125Te (0.019) 124Te (0.004)
142Ce (0.262)
19Tb 100 143Nd (0.538)
192Nd (0.112)
165Ho 100 1499m (0.85) 14Nd (0.112)
169Tm 100 153Eu (0.69) 1532Sm (0.091)
133Gd (0.121)
5Ly 97.4 159Tb (0.305)
133Dy (0.096)
ISRy 47.8 135Ba (1.69) 134Ba (0.62)

Ia : The ratio of isotope abundance
a : The ratio of oxide generation
B : The ratio of hydroxide generation
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Table 6. The result of Model experiments #2

Model Experiments #2
Determined Value pg kg=!

mass uncorrected mass corrected
144Nd 20.40 4Nd 20.2229
150Sm 20.32 47Sm 20.142
53Eu 20.20 B1Eu 19.98%
57Gd 20.05 15Gd 19.995
9Tb 21.05 19Tb 20.05"
165Ho 20.97 165Ho 20.03»
19Tm 21.12 19Tm 20.16"
Lu 20.72 5Lu 20.229

a): corrected by changing the mesured mass number
b): corrected by mathematical correction method

* The quantitative analysis without/with the spectroscopic
interference correction for 20/tg kg=! REEs mixed solution
as a sample.

Table 7. The result of Model experiments #3

Model Experiment #3 Model Experiment #3
REEs DeterminediValue REEs DeterminediValue
ng kg ng kg™!
4Sc 20.35 15Gd 19.96
8y 20.38 9Tb 20.06
¥La 20.08 163Dy 20.30
140Ce 19.96 1%Ho 20.59
11pr 20.45 7Er 20.25
SNd 19.87 19Tm 20.45
47Sm 19.85 3Yb 19.98
B1Eu 19.94 SLu 20.03

*The analysis for two samples; 100mg of NIST1632c coal as a
sample A and 100mg of NIST1632c coal added by 20 g
kg~! REEs mixed solution as a sample B.

The determined values mean the differences of the results
from sample A and sample B.
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Table 8. Analytical results of 5 elements in NIST1632c

Certified Value  Determined Value Recovery
REEs -1 —1 9
mg kg mg kg %

4Sc 2.905 £ 0.036 2915 100.3%

0Y 4+0 3.995 99.9%
140Ce 11.9+0.2 11.406 95.9%
47Sm 1.078 £ 0.028 0.996 92.4%
1By 0.128 +0.0033 0.132 100.3%

Table 9. Analytical results of REEs in NIST1632c

Determined Value* (ung kg=!)

REEs Interferece Correction Standard Addition
+Sc 2915 2.883
®Y 3.997 3.846
¥La 5.776 5.820
140Ce 11.406 11.965
pr 1.397 1.372
SNd 5.185 5.080
47Sm 0.996 1.025
BIEu 0.132 0.136
57Gd 0.953 1.012
9Tb 0.135 0.141
16Dy 0.815 0.857
1% Ho 0.137 0.148
167Er 0.454 0.471
19Tm 0.082 0.085
3Yb 0.392 0.372
75Lu 0.079 0.080

* Each determination value is an average of six replicate
analysis.
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Interferences Correction of Simultaneous Determination of
Rare Earth Elements by ICP-MS

Kazuko Akiyama and Yoshiko Arikawa
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Graduate School of Science, Japan Women’s University
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Abstract: Measurement of Rare Earth Elements (REEs) by Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) shows several spectroscopic overlaps due to M*, M!O* and M!*O'H* ions formation. Especially the
spectroscopic interfaces caused by the isotopes of the lighter rare earth elements and Ba and their molecular ions
are observed on the measurement of Eu and the elements from Nd to Lu. In this study mathematical methods
based on the isotope abundances of different interfering elements and the formation yield of molecular species
determined experimentally were examined to correct the effects of various spectroscopic interferences on the
determination of Tb, Tm, Ho, Lu and Eu.

These methods were well applied to the determination of trace amounts of REEs in coal samples.

Key words: ICP-MS, Rare Earth Elements, coal, spectroscopic interferences



