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Determination of Rare-earth Elements in Metallic La, Pr, Nd, Gd and Tb
by Glow Discharge Mass Spectrometry

Fumio HIROSE, Shinji ITOH and Haruno OKOCHI

Synopsis :

Trace analysis of rare-earth elements (REEs) in metallic REE matrices (La, Pr, Nd, Gd and Tb) by
the glow discharge mass spectrometry was investigated. Optimum operational parameters of the glow
discharge which affected directly ion beam intensity were examined. Preburning was performed to remove
surface contamination before analysis. Preburn time was about 10min under discharge conditions.
Spectral interferences due to polyatomic species such as oxide, hydride and argide were examined. Then,
alternative isotopes are used for analysis except for monoisotopic elements. Low ppba detection
limits were obtained. The relative standard deviations of five repetitive measurements were 0.8% ~ 5.0%
for 100 ppm level and 40% for less than 1 ppm.

Key words : glow discharge mass spectrometry ; metallic REE matrices ; direct analysis of solid sample;

determination of trace REEs, Mg, Al, Si, P, S, Ca, Fe and Hf.
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Fig. 1. Effect of discharge voltage on the matrix

ion beam intensity and IBRs of impurity ions.
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Fig. 2. Effect of discharge current on the matrix
ion beam intensity and IBRs of impurity ions.
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Fig. 3. Effect of the distance between the anode
and cathode (sample) on the matrix ion beam
intensity.
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Table 1. Analytical results of lanthanum.
Analytical value (ppma)* D L
Element oz etection }12mlt

Mean s RSD(%) (ppba)

Mg 24 13.4 0.18 1.4 1.2
Al 27 18.7 0.83 4.4 1.4
Si 28 75.4 1.99 2.6 3.5
P 31 0.1 0 0 0.4
S 32 3.5 0.39 11.1 0.8
Ca 44 406.8 17.2 4.3 66.1
Se 45 0.1 0 0 0.5
Fe 56 266.5 8.70 3.3 3.2
57 263.0 13.2 5.0 9.7

Y 89 13.3 0.52 3.9 1.2
Pr 141 146.7 2.40 1.7 7.8
Ce 142 3.6 0.64 17.7 9.2
Nd 143 19.7 0.68 3.4 6.1
146 19.1 0.49 2.6 5.5

Sm 147 0.3 0.07 2.4 3.6
Eu 151 0.1 0.04 37.2 0.5
Gd 157 108.7 4.15 3.8 7.8
158 110.6 4.21 3.8 67.6

Tb 159 0.7 0.05 7.4 1.2
Dy 161 0.7 0.04 6.2 2.3
162 0.7 0.08 12.3 1.1

Er 166 0.1 0.04 37.2 0.7
Yb 174 0.3 0.08 27.2 3.5
Lu 175 0.2 0.05 20.3 0.5
Hf 180 0.1 0 0 1.3

n=5
* lon beam ratio to matrix element (La)
*2 Concentration (ppba) giving 30 of blank values
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EHBTE NS, m/z159 LR S hABREEMOY— s D
A4 - LEEIE 5.12X107 %A Th b, 180 & 0
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Table 2. Analytical results of praseodymium.

ZhFh “2Nd (27.09%), '**Nd (23.83%), '*°Nd
(8.29%), °Nd (17.26%), '**Nd (5.74%) Ot
44 v OBFERFHESN, 72, YDy (0.052%) 17
FARTEE A4 72 <, Gd DFEAK 195Gd (20.47%) 7%
H DO TH— 19Dy ZHIE L2245, MNAOF L S
NHY— 27 OBELZDBRLN. HEARZ P VO -
IRKEL, C—rORBEOGTHICXDBESELAD
TREZSETE» 2.

Th 22w Tit °Nd'®0 oENR o h, EEA
FETH o 7.

1650, 169Tm 1X 2 2 h M“SNQ'°F , S°Nd"°F 0E%
HH 0, Dy DA L R BEE CTHE RS TED, - .

Er 22 W T 1Er (33.41%) & & Ko B AGELE
HTHh oA, 1ONA®0 offiEssH b, Er (22.94%)
B XU O8Er (27.07%) #ME L 2. m/z167 12 1d
SNQUYF ¥ — 27 DELR DR 67,

Z o4, La, Ce, Sm, Yb, Lu 3 X OF Hf i22 W Tidld]
ERDDNRDF AL BBV VEEREERL
7z,

3:-4-2 WIBERB L OEEER

408 Nd OHH 2815 DL BLUE R % Table
3IRT. Prid=bhY v 7 ATHAH Nd DEKDOFEA
KA TH B M2Nd (27.09%) WKL TW5B7-0,
BG #@< %1, DL 25& 2 - 7. 7Gd i3 '*Nd"°0
WKBELTWwWA 0 DL 25 R & h - 7. Nd R ofitE
Gd EEDH AL 195G DlELN RV EEbh D, &
¥oRMEREZIT- 72 Gd, Er DEmfARIZENREN

Table 3. Analytical results of neodymium.

Analytical value (ppma)™ T
Element m/z P Detectlonllzmlt Analytical value (ppma) * D ion limi
Mean g RSD (%) (ppba) Element m/z etection g it

Mean o RSD (%) (ppba)

Mg 24 113.1 5.38 4.8 2.9
Al 27 56.1 1.59 2.8 2.2 Mg 24 5.4 0.35 6.5 1.3
Si 28 63.8 0.90 1.4 1.5 Al 27 76.3 0.64 0.8 1.3
P 31 1.8 0.07 3.9 0.5 Si 28 17.4 0.51 2.9 1.8
S 32 148.8 3.54 2.4 3.9 P 31 0.1 0.04 37.2 1.0
Ca 44 433.1 9.21 2.1 128.1 S 32 11.3 0.39 3.5 1.4
Fe 56 83.7 2.65 3.2 2.2 Ca 44 218.0 6.05 2.8 30.9
Y 89 2.6 0.08 3.2 1.9 Sc 45 0.1 0.04 37.2 1.0
La 139 67.0 0.66 1.0 8.1 Fe 56 92.9 2.08 2.2 4.2
Ce 140 351.9 8.20 2.3 176.9 Y 89 57.1 1.41 2.5 2.5
Nd 143 34.8 0.93 2.7 47.5 La 139 3.6 0.30 8.3 0.5
146 34.5 0.32 0.9 6.5 Ce 140 15.1 0.23 1.5 2.1
Sm 147 3.0 0.43 14.3 7.0 Pr 141 223.6 1.91 0.8 187.8
149 2.8 0.65 23.6 9.4 Sm 152 0.3 0.09 26.3 4.7
Gd 156 14.1 0.90 6.4 10.1 Eu 153 0.1 0 0 1.3
158 14.7 0.37 2.5 10.1 Gd 155 6.3 0.32 5.1 4.7
Tb 159 52.1 1.09 2.1 1.4 157 6.3 0.28 4.5 12.0
Dy 161 1.1 0.34 30.8 6.3 Dy 163 3.5 0.29 8.5 3.9
163 1.0 0.11 11.9 2.6 - Ho 165 0.1 0.05 39.1 1.4
Ho 165 0.1 0 0 1.7 Er 167 5.1 0.27 5.2 4.0
Er 166 0.9 0.14 15.7 1.4 168 5.2 0.55 10.5 2.6
Tm 169 0.1 0 0 1.0 Tm 169 2.8 0.21 7.3 0.6
Yb 172 0.3 0.05 21.1 3.7 Yb 172 0.1 0.04 37.2 3.6
Lu 175 0.4 0.04 11.8 1.0 Lu 175 0.2 0.04 20.3 0.6
Hf 180 0.1 0 0 1.2 Hf 177 0.2 0.07 35.4 4.5

n=5 n=5

* Jon beam ratio to matrix element (Pr)
*2 Concentration {ppba) giving 30 of blank values

* Jon beam ratio to matrix element (Nd)

*2 Concentration (ppba) giving 30 of blank values
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Table 4. Analytical results of gadolinium.

- *
Element /e Analytical value (ppma) Detection iimit
Mean o RSD(%)| (ppba)*?

Mg 24 5.4 0.22 4.0 0.4
Al 27 276.6 7.47 2.7 6.8
Si 28 136.1 4.09 3.0 5.8
P 31 0.3 0.04 13.9 0.4
S 32 3.6 0.19 5.4 0.6
Ca 44 61.4 3.50 5.7 61.5
Se 45 0.2 0.07 35.3 0.5
Fe 56 22.3 1.65 7.4 2.1

57 22.0 0.63 2.8 3.6
Y 89 26.8 0.46 1.7 0.6
La 139 59.0 1.32 2.2 5.6
Ce 140 4.6 0.23 5.1 1.5
Pr 141 123.1 2.77 2.2 5.6
Nd 144 65.5 1.59 2.4 4.5

146 63.7 2.17 3.4 7.6
Sm 147 2.4 0.24 10.2 4.6

149 2.5 0.26 10.8 2.9
Eu 151 0.6 0.10 16.6 2.0

153 0.5 0.08 16.1 9.9
Dy 162 10.5 0.57 5.4 29.2

163 10.5 0.13 1.2 3.6
Ho 165 0.9 0.04 5.1 0.4
Er 166 4.0 0.13 3.2 0.7

167 4.1 0.24 6.0 1.7
Tm 169 0.3 0 0 0.3
Lu 175 0.7 0.16 24.1 1.4
Hf 180 0.1 0 0 1.5

n=>5

* Ton beam ratio to matrix element (Gd)
*2 Concentration (ppba) giving 37 of blank values

Table 5. Analytical results of terbium.
. *
Eloment /e Analytical value (ppma) Detection)lizmit

Mean o RSD (%) (ppba)

Mg 24 0.2 0.06 22.8 0.5
Al 27 6.2 0.29 4.6 0.8
Si 28 12.5 0.30 2.4 0.9
P 31 0.4 0 0 0.8
S 32 13.3 0.51 3.8 1.4
Ca 44 2.4 0.06 2.2 22.7
Sc 45 0.1 0 0 0.5
Fe 56 0.4 0.07 17.7 0.5
Y 89 26.5 0.46 1.7 1.2
La 139 5.6 0.81 14.5 0.7
Ce 140 6.7 0.22 3.3 1.1
Pr 141 69.0 0.93 1.4 3.9
Nd 143 4.1 0.19 4.7 1.2
146 4.3 0.24 5.6 2.5

Sm 147 0.1 0 0 4.1
149 0.1 0.04 37.2 0.8

Eu 151 0.1 0.04 37.2 1.0
153 0.1 0 0 1.2

Gd 155 360.3 4.39 1.2 2.4
157 365.9 10.0 2.7 129.0

Dy 161 34.2 1.09 3.2 158.1
163 33.6 0.95 2.8 10.0

Ho 165 2.1 0.11 5.3 0.5
Er 166 5.7 0.41 7.1 0.5
Yb 172 0.7 0.10 14.3 2.4
Hf 180 0.2 0.07 35.3 4.7

n=>5
* Ton beam ratio to matrix element (Tb)
Concentration (ppba) giving 30 of blank values
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