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Abstract Objective:To establish an ICP — MS method for the detection of elemental impurities in lanthanum ox-
ide and to explore the development of the ICP — MS methodology for high — matrix samples quantitative analysis.
Methods: 25 mg samples were precisely weighed and placed in a 25 mlL flask. 1 mL of nitric acid and 0. 25 mL
of hydrochloric acid solution were added, shaken, and dissolved for approximately 1 h, then fixed with ultrapure
water. Quantitative samples determination were performed using Agilent 7900 ICP — MS in He mode with the

standard curve method corrected by internal standard. The atomizing gas flow rate was set at 1.05 L + min™",
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the atomizing chamber temperature was maintained at 2 °C , the sample aspiration rate was 0. 1 r + s~ the RF

power was 1 550 W, and the sampling depth was 10 mm. The helium flow rate was 5 mL + min ', and the energy
discrimination was 5. 0 V. Based on ICH Q2 (R2) and USP 2023 <233 >, a quantitative method for 25 elemen-
tal impurities was established by utilizing the recovery rate of the method. The isotope ratio of each element in the
sample was investigated, the mass number of the element to be measured was selected, and the method was
verified. Results: Based on the specific outcomes of Se and Ce, 82 and 142 were chosen as the detection mass
numbers to evade interference. The results demonstrated that the linear relationships of the 24 elemental impurities
were excellent, the recoveries ranged from 70% to 150% , the repeatability RSDs were less than 20% , and the
g, Cd
(0.007 -=0.010 ng - g¢~'), Hg (0.156 —0.250 ng - g~') were detected in numerous batches of samples, and

the contents of each element were lower than the proposed standard. Conclusion: The method is specific, accu-

method satisfied the quality control requirements. Impurities such as Pb (0.152 - 0.201 ng -

rate, simple, and feasible, and can furnish technical support for the elemental impurity control of lanthanum
oxide. For complex and high — matrix samples, the recovery rate of standard addition is inadequate to characterize
the specificity and accuracy of the method, and the isotope ratio can be utilized as a supplement to the recovery
rate of standard addition.

Keywords: impurity elements; risk assessment; inductively coupled plasma mass spectrometry; specificity;

matrix effects; isotope ratio
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Tab.1 Method specificity assessment — recovery rate
JLE JT AJE{E TR [ (recovery rate) /% J/
(element)  (mass) (background)/(ng + mL~") 1 2 3 4 5 6 (ng - mL™")
Li 7 ND 94. 4 95.4 93.4 95.7 97.3 96.2 55
v 51 0. 006 105.3 105.2 103. 4 108.2 108. 2 107.2 10
Cr 53 0. 050 101. 1 103.3 101.6 105.0 102.7 100. 2 1100
Co 59 0. 007 100. 1 100. 6 99.2 102. 4 101. 1 104.7 10
Ni 60 0. 096 100. 4 99. 1 100. 3 104.7 102.3 103.6 20
Cu 63 0. 354 96.2 95.0 96.5 98.9 97.3 94.5 300
As 75 ND 96.2 95.4 102.2 97.4 99.5 102. 4 1.5
Se 78 345 91.2 85.0 100. 5 97.3 101.3 106. 3 15
Mo 95 5.476 102.3 103.9 105.5 106. 5 106. 1 104. 1 300
Ru 101 0. 004 95.5 94.7 96.7 97.3 100. 6 100.9 10
Rh 103 ND 95.7 96.5 95.5 95.7 97.3 99.7 10
Pd 105 0. 280 93.6 93.3 95.3 94.5 92.4 95.7 10
Ag 107 0. 064 98. 1 100. 1 102.0 97.6 101.9 100. 3 15
Cd 111 0. 007 99.2 95.6 103.5 105.2 109. 8 103. 8 0.5
Sn 118 1. 667 100. 9 102.5 101. 8 103. 1 105.6 103.4 600
Sh 121 ND 92.8 95.9 97.8 95.6 96.6 97.5 120
Ba 137 2.523 94.3 96. 8 97.4 99.1 95.0 96.0 140
Os 189 0.563 96.2 95.4 96.2 99.8 97.5 95.2 10
Ir 193 ND 102. 1 100.7 99. 1 100. 7 103.5 105.0 10
Pt 195 ND 121. 8 121.0 122.7 123.8 117.2 114.0 10
Au 197 ND 91.4 82.4 85.3 83.5 86.9 85.7 10
Hg 201 0. 185 119.6 122.8 117.8 122.4 123.7 126.4 3
Tl 205 0. 133 101.7 102.9 114.1 120. 6 114.3 117.2 0.8
Pb 208 0. 152 106. 5 108.7 103. 6 99.4 105.0 108. 1 0.75
Ce 140 18.719 98.3 94.9 123.2 116.7 110. 1 109.5 25

7 (note) : ND. KH; H ( not detected )
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Tab.2 Method specificity assessment

JLR FRE/ ST FRE/ ok B E 1 J i i s I LA Hl
(element)  (abundance, numerator) (abundance, denominator) (‘theoretical ratio) ('measured ratio in 1 J spiked solution) (ratio)
Li 7 6 12.2 11.63 £0. 20 0.95 +£0.02
A% 51 50 399 408.08 +1.23 1.02 +0. 00
Cr 52 50 19.3 19.38 +0. 05 1.00 +£0. 00
Cr 52 53 8. 82 8.78 £0. 01 0.99 £0.00
Ni 58 60 2.6 2.62 +£0.03 1.01 £0. 01
Cu 63 65 2.24 2.25 +0.00 1.00 +£0. 00
Se 78 82 2.73 335.82 £26.98 120. 01 £9.78
Mo 96 95 1.05 1.04 £0. 00 0.99 £0.00
Ru 101 100 1.35 1.33 +0. 04 0.91 £0.03
Pd 106 105 1.22 1.23 £0.01 0.91 £0.01
Ag 107 109 1.08 1.06 £0.01 0.97 £0.00
Cd 111 110 1.03 1. 06 £0. 04 1.01 £0.03
Sn 118 119 2.82 2.81 +£0.01 0.97 £0.03
Sh 121 123 1.34 1.45 +0. 00 1.07 £0. 00
Ba 137 136 1.43 1.42 £0.01 1.05 +£0. 00
Os 188 189 0.82 0.81 +0.00 1.06 +0.00
Ir 193 191 1.68 1.56 +0. 02 1.15+0.02
Pt 195 194 1.03 1.03 +0.01 1.06 £0. 01
Hg 199 201 1.28 1.26 +0. 05 1.00 +£0. 00
Tl 205 203 2.39 2.24 £0.10 1.02 +0.04
Pb 208 207 2.37 2.41 £0.02 1.04 +£0. 01
Ce 142 140 0.12 0.08 £0. 06 0.66 +0.03
2.4 JiiERAE 2.4.2 ERER S R, A A

IR 2023 4E BT USP <233 JEZE LR - Ktk >
12020 47 fr P Ae AN R AR 25 ) 0412 o B &
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Tab.3 Method validation results
- R m]Eysg i LM mllie Eiyzhiad i
(element) (mase) (LOQ)/ (regression r (linear range)/ (recovery)/% (repeat)  (precision)
(ng - mL™") equation ) (ng - mL™") 0.5/ L0J 157 RSD/%  RSD/%

Li 7 0.533 Y=0.0008xX+0.0001 0.998 1 0.533 ~110 95.4 9.4 9.5 4.8 6.1
v 51 0.217 Y=0.136 5x X +0.0343  0.9982 0.217 ~20 1022 1024 103.5 1.9 1.7
Cr 53 0.763 Y=0.0197xX+0.0180 0.990 0.763 ~2 200 103.2 1063  105.2 1.8 5.2
Co 59 0. 064 Y=0.2105xX+0.0016  0.999 0 0.064 ~20 103.7  103.7  101.2 3.9 1.8
Ni 60 0.150 Y=0.0652xX+0.0035 0.993 0. 150 ~40 103.2  100.9  10L5 2.1 1.9
Cu 63 12.21 Y=0.5754xX+0.296 0.995 12.21 ~600 9.4 9.0  90.7 2.6 3.8
As 75 0.300 Y=0.0743xX+0.0039 0.996 0.300 ~3 1.6 1084  105.4 2.2 3.3
Se 82 1.726 Y=0.002 1 xX+0.021  0.992 1.726 ~30 104 0.3 99.4 3.8 5.4
Mo 95 9.271 Y=0.3833xX+0.1223 0.994 9,271 ~600 109.4  107.6  108.6 1.6 5.0
Ru 101 0.008 Y=0.760 8 x X +0.000 8  0.998 3 0.008 ~20 124.5 1113 109.5 6.8 7.1
Rh 103 0.029 Y=4.8094xX+0.3153  0.99%47 0.029 ~20 107.8  103.4 1010 3.4 2.8
Pd 105 0.251 Y=1.2431xX+0.3434  0.9982 0.251 ~20 1.8 106.6  105.1 1.9 2.8
Ag 107 0.033 Y=1.7958xX+0.0398  0.998 8 0.033 ~30 110.1 1155 114.3 7.5 6.8
cd 111 0.021 Y=0.3292xX+0.0001 0.9988 0.021 ~1 109.6 1087  105.8 1.6 6.1
Sn 118 0.586 Y=0.591 1xX+0.6010  0.998 6 0.586 ~1 200 106.6  105.2  102.4 5.1 7.8
sh 121 0.512 Y=0.8765xX+0.6162 0.998 4 0.512 ~240 100. 1 9.1 %.8 2.9 3.5
Ba 137 11.00 Y=0.006 8 xX +0.0036  0.9985 11.00 ~280 %8 929 9.7 1.5 1.2
Os 189 0.260 Y=0.049 1 xX+0.0030 0.9983 0.260 ~20 1059  103.3  100.4 1.9 6.3
Ir 193 2.852 Y=0.0794 xX +0.2646  0.998 7 2.852~20 106.1  103.5  103.6 1.6 3.8
Pt 195 11.50 Y=0.0297xX+0.2864  0.9928 11.50 ~20 97.6 %5  9%.1 7.9 8.9
Au 197 2.53 Y=0.0404 xX +0.0595  0.9977 2.53~20 106.8 1148  112.1 1.3 5.7
Hg 201 0. 121 Y=0.049  xX+0.0004 0.9977 0.121 ~6 120.5 1186 126.8 L5 5.4
Tl 205 0. 048 Y=0.2352xX+0.0059 0.9956 0.048 ~1.6 9.6 100.7 117.2 7.7 6.2
Pb 208 0.091 Y=0.2964xX+0.0173  0.9935 0.091 ~1 750 9.2 972 3.2 4.9
Ce 142 0.021 Y=0.022xX+0.0008 0.995 0.021 ~100 %6 026 N6 1.8 2.9
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Tab.4 Determination of elemental impurities

within three batches of samples

TEE #r izt (contents) /(ng + g7') J
(element) Y0401 Y0501 Y0502 (ng-g™")

Li ND ND ND 55
v 0. 006 0. 008 0.010 10
Cr 0. 050 0. 062 0. 049 1 100
Co 0. 007 0. 009 0.010 10
Ni 0. 096 0. 105 0. 125 20
Cu 0.354 0. 506 0.304 300
As ND ND ND 1.5
Se 1.0 0.6 11 15
Mo 5.476 6. 006 5.026 300
Ru 0.004 0. 003 0. 005 10
Rh ND ND ND 10
Pd 0. 280 0.250 0. 290 10
Ag 0. 064 0.104 0.084 15
cd 0. 007 0. 005 0.010 0.5
Sn 1. 667 1.267 2.367 600
Sbh ND ND ND 120
Ba 2.523 3.523 3.123 140
Os 0. 563 0. 653 0. 833 10
Ir ND ND ND 10
Pt ND ND ND 10
Au ND ND ND 10
Hg 0. 185 0. 156 0.250 3
Tl 0.133 0. 163 0. 186 0.8
Pbh 0.152 0.184 0.201 0.5
Ce 1.235 0.798 1.356 25

7 (note) :ND. KK H (not detected)
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