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94.3% .
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2
2.1
X series” ( ThermoScientific USA)
1o
XJ4 PFA (7 mL ) o
(18.2 MQ * cm)  Molecula ( ) o HYA4
( ) o
Cu Rh ( 1000 mg/1) ; HNO,  HCI
(BV-II ) ; HF( ( ) o
(99.99%) ; ( AD400)
30% HCI : )
30% HNO, .
1
Table 1 ~ Main operation parameters for ICP-MS
Operation parameters Operation parameters
RF RF Power ( W) 840 Sample depth ( mm)
Cool gas flow rate ( L/min) 10.0 Scan mode Peak-hopping
Auxiliary gas flow rate ( L/min) 1.1 Dwell time( ms)
Carrier gas flow rate ( L/min) 0.7 Analyte isotop % Cu
/ Sampler/skimmer Pt/Ni Internal standard isotop 103 Rh
2.2
2.2.1 2 ~3 mm o
PFA 109% HNO,
2.2.2 0. 1000 g PFA 0.2 mL HF 0.5 mL
HNO, 150 C 0.5 ho 0.5 mL. HNO, 150 C HF 2
o 0.1 mL HNO, 20 mLo SmL  15%
2 mL 20% HNO, o o
3
3.1 N
HCl HNO, HCIO, FH ( <100
) . HNO, HF
HF + Ba,( PO,) , ——BaF, | +H,PO, (1)
180 C
BaF, | +HCIO, ——Ba( Cl0,) , + HF 1 (2)

o



29

. . . N ( ) .
o 7 mL PFA
150°C 3 mm 0.1g~0.2g 0.5 mL HNO; + 0.2 mL
HF 0.5h o
o HCIO, HCIO,
HNO, 0.5 mL HNO, 150 C
HCIO, o
3.2 -
1
16 H,C
O \/\/\/\/\gj\OH
AD400 HO —N
- . .
10 pg/L Fig. 1  Chemical structure of extractant
2
0 15% o
15% . o
3. ;
o 0.5% HNO,
100% 0.5% HNO, o 20% HNO,
ICP-MS
20% HNO,. 100 - . .
/ . g 98 T
. g 96 | /
20 ml. 5 ml, g M
100%; 2 mL20% HNO, £ zi
g
9% . E esk
HNO, g6 L1 L L ! L |
5 10 15 20 25 30
° Concentration of extraction (%o, V'/V)
AD400
15 min 2
100% Fig.2 Effect of extractant concentration on extraction
efficiency
° : 10 pg/L; 0.5% HNO;; 5 ml;
3.3 ICP-MS -
Concentration of Copper: 10 ug/L; Acid concentration: 0.5%
HNO;; Volume of extractant: 5 mL; Solution volume: 20 mL.
“Ar”Na. * Ar” Mg “Cu  *Cus 840 W
*Cu % Cu.
( 20% HNO, o
3.4
3.4.1

20 pg/L Cu®”
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0.5% HNO, Cu’” o
1000 mg/L. Ba’*. 2000 mg/L. PO, 20 mg/L. K* Ca’* Na® Mg* A" Cu**
99.3% 98.7% 98.3% o
3.4.2 0.1¢g 20 mL P 1565 mg/L
Ba** 602 mg/L 4 “Cu  “Cu
“Cu 17.6 pg/L o P
0.1 mg/L Ba®* 0.15 mg/L 99.999%
o 20 mL 2 mL 10 100%
10 .
100 h\- 50r
=
:-)>: 80 \- ~ 40+
2 =
3 60 £ 39
& z
£ 4of 220
5 E
E 20 1.0
0 L Tm— i 0L 1 iy N, oz o st L ] hSNop)
0 5 10 15 20 65 66 67 68 69 70

Concentration of nitric acid (%, V7/V)

15%; c.

3
Fig.3 Effect of acidity on extraction efficiency
a. Cu 0 10 pg/L; b.
5 mL; d. : 20 mL,

a. Concentration of copper: 10 pg/L; b. Concentration of extrac—

tant: 15%; c. Volume of extractant: 5 mL; d. Solution volume:

20 mL.

3.4.3

94.3%

3.4.4 N
RSD 3.23% . 11
20% HNO,

0.3 ~50 pg/L
R*>=0.9999.

3.5

3
=3) (125 £5) ngl/g
(396 +9) ng/g. 5
Cu
0.9969)

4

(n
(288 £7) nglg

4
Fig.4  Mass spectral profile of sample solution after Cu
extraction

( Concentration of matrix elements ) :

P 1565 mg/L; Ba 602 mg/L.

10 pg/L Cu®*

6
2.5 ng/g.
400 -
&
g 300
B
£
© 200 F
=
Q
100 1 1 ]
0.10 0.15 0.20
Light absorption loss at 1053 nm (cm~!, %)
5 1053 nm
Fig. 5 The relation between copper content and light

absorption loss at laser wavelength of 1053 nm
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Determination of Ultratrace Copper in Barium Phosphate Laser
Glass by Inductively Coupled Plasma Mass Spectrometry

XU JunJun'® MEI Peng’® LI Qiu-Rong"' DUAN Tai-Cheng * XU Yong-Chun'*

"( Department of Environmental and Chemical Engineering Yanshan University ~Qinhuangdao 066004 China)

*( Wuhan Institute of Technology Wuhan 430074 China)
*( State Key Laboratory of Electroanalytical Chemistry Changchun Institute of Applied Chemistry
Chinese Academy of Sciences Changchun 130022  China)
*( Shanghai Institute of Optics and Fine Mechanics Chinese Academy of Sciences Shanghai 201800 China)

Abstract  With the use of high pure HF and HNO, reagents and autoclaves made of high purity
Rerfluoroalkoxy ( PFA) material a solution sample digestion technique effective for phosphate samples

subjected to high temperature fusion was established. The whole procedure was concise fast and of low blank
value. Key factors such as the amount and ratios of the reagents the digestion temperature and time were
systematically optimized it was found that within 0.5 h at 150 C only 1.7 mL of total reagent consumption
could lead to a complete sample decomposition. Most importantly the samples were not required to be ground

to fine powder which greatly reduced the risk of contamination. In addition an effective liquid-iquid
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extraction procedure based on S-nonylsalicylaldehyde oxime as the extractant was established for matrix
separation and analyte preconcentration. Under the optimal extraction conditions of 5 mL of 15% extractant

0.5% HNO, of extraction acidity and 20% HNO, of back-extraction acidity a matrix separation efficiency of
over 99. 999% could be realized and a preconctration factor of 10 could be obtained which resulted in
complete elimination of the matrix-induced interference and great enhancement of the analytical sensitivity.
After optimization of the operation parameters of ICP-MS high signal to background detection of Cu in 20%
HNO, at 840 W of plasma power and low sample uptake rate were realized. The detection limits of 2.5 ng/g

RSD of 3.3% for six detections of parallel samples and the recovery of 94.3% for spike test were obtained

respectively. The method was finally applied to three real samples analysis and the results agreed well with
the data from laser adsorption loss experiment.

Keywords Inductively coupled plasma mass spectrometry; Barium phosphate laser glass; Uliratrace copper
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