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2.1
1CS900 Thermo Fisher 7700x ICP-MS
Agilent Dionex IonPac ASI9 250 mm x 4 mm 10 pm AG19 50 mm Xx
4 mm 10 pm Thermo Fisher KQ5200DE o
Na, AsO, Na,S.As, 0,
NaOH As, S,
Sigma Aldrich As III  GBWO08666 =98.5% As V. GBWO08667
=98.1% o
2.2
5.00 g As,0;  6.00 g NaOH 20 mL 1.44 ¢
100C 2 h, 4°C o
. Na;AsSO, » 7H,0
H,AsSO;™ .
5.76 ¢
Na;As0,S, * 7H,0 H,AsS,0,"” .
0.2¢g Na;AsS, * 8H,0 20 mL 0.1 mol/L. NaOH 0.244 ¢ BaCl,
BaCl, « 8H,0 Na;AsS,0 * 8H,0 H,AsSO; ™,
2.68 g Na,S 1.35 g NaOH 100 mL 3.48 g As,S;
o N 0.2 mol/L NaOH N
Na,AsS, * 8H,0 H, AsS,"” .
4 0.1 mol/L NaOH o
15 mino
2.3
- ESI-HR-MS 0.2 % 3:7 VWV
0.3 mL/min 5 pL m/z 120 ~210 70000,
- ICHACP-MS IC 80 mmol/L. KOH pH 12.9
1.3 ml/min 200 pL ICP-MS 1450 W 1.10 L/min 0.9 L/min
m/z 75 20 min.
3

3.1 ESI-HR-MS
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ESI-HR-MS 0
1
Table 1 Monomeric and deprotonated forms of inorganic thioarsenic species
Thioarsenate Thioarsenite
Mono-thioarsenate Mono-thioarsenite
AsSO3™ HAsSO3™ H,AsSO; HjAsSO, AsSO3™ HAsS03™ H,AsSO; H;AsSO,
Di-thioarsenate Di-thioarsenite
AsS,03" HAsS,03 H,AsS,0; H;AsS,0, AsS, 0% HAsS,0%” H,AsS,0” H;AsS,0
Tri-thioarsenate Tri-thioarsenite
AsS;0% HAsS;0% H,AsS;0 H;AsS;0 AsS3™ HAsS3™ H,AsS; H;AsS;
Tetra-thioarsenate

AsS3™ HAsST™ H,AsS; HyAsS,

o Nikon UFX-1

SER O 5 10 mm
c
e
5 10 mm 5 ‘10 mm
1 a . b . N d
Fig. 1  Biomicroscopic photographs of synthesized mono-thioarsenate a  di-thioarsenate b tri-thio—
arsenate ¢  and tetra-thioarsenate d crystals
2 °
2a m/z 156. 8931 H, AsSO; m/z 156. 8935 2
0 2b m/z 172. 87065
H,AsS, 0, m/z 172. 8707 o 2¢ 2d
2 s
32 S 34 S 32 S/34 S

3.2 ICCP-MS
ICACP-MS
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As 50 pg/L © 2
125 s Table 2 Molecular weights of primary ionization products of vari—
ous arsenic species
134 s . 154 s
302 ¢ i Theoretical molecular Theoretical molecular
As WD weight Da As(V) weight Da
183 268 s H, AsO; 124.9214 H, AsO; 140. 9164
3 H, AsSO; 140. 991 H, AsSO5 156. 8935
. H, AsS, 0 157.051 H, AsS, 05 172.8707
H, AsS; 173. 111 H, AsS, 0 188. 8478
H, AsS; 204. 8250
12
o 3 6 IC-
ICP-MS 4 o IC
toor 156.89313 toor 172.87046
© 80 o 80F
B 60 g 60+
< <
o 14
Z  4of 2 40f
= =
= =
20 201
174.86608
158.88858
0 L L (] | | P " 1 | ]
140 150 160 170 180 QGO 170 180 190
m/z m/z
204.82544
1001 188.84786 1001
¢ d
© 80 o 801
< g
2 eof £ 6o0f
< <
© o
=z 40} Z  40f
Tw.; % 206.82146
~ ~
201 190.84358 20
L i Ll 1 J 0 V| ! 1 |
980 185 190 195 196 200 204 208
m/z m/z
2 a . b . c d
Fig.2 Electrospray ionization-high resolution mass spectra ESI-HR-MS of synthesized standard solutions of
mono-thioarsenate a  di-thioarsenate b tri-thioarsenate ¢  and tetra-thioarsenate d
3.3
ICACP-MS N N N
337.3 67.5 33.7 13.5 6.75
3.37 ng/L 833 166.7 83.3 33.3 16.7 8.33 ng/Ls
3 45.15 ~4515.43 pg/L
R>>0.99 0.4 25.0 3.3 1.0 1.3 pg/Ls 4
7 6 o
83.99% ~ 113.60% >
18 peg/L o E— 0.1~
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50 mg/L o 67
H,ASO;
6 5P | HASO
~ 4 HASSO;
= -
3 3 x 4 HASS:
z 4
£ 2r
2
o = L
o——
0 2 4 6 8 10
1760.1 wg/L 0.21 mg/L ¢ (min)
2626 mg/1. HCO,C1-Na .
HCO;.CI© Na* 1241,
715.9  893.4 mg/L . - ICACP-MS
Fig. 3 lon chromatography-inductively coupled plasma
Na* mass spectrometry [CHCP-MS chromatograms of mixed
o standard solutions of mono-thioarsenate di-thioarsenate
1093. 7 ne /1, tri-thioarsenate and tetra-thioarsenate as well as arsenite
608.2pg/ L 9.7ug/L and arsenate
3 6 .

Table 3 Liner range

detection limit and retention time of 6 kinds of arsenic species

. . . Correlation Detection
Arsenic speci Molecular Retention time . . Linear range (fici limi
rsenic species formula S Linear equation o/L coethicient imit
E M R? ng/L
Arsenite H, AsO;"3 125 y=1208. 7x— 28187 3.37 ~337.29 0.9996 0.4
Arsenate H, AsO," 134 - - - -
n-3 - _ ~
Mono—thioarsenate H, AsSO} 154 ¥=929. 57x- 85190 8.33 ~833.33 0.9947 25.0
n-3 = _ ~
Disthioarsenate H, AsS, 05 183 y=158. 78x- 16018 8.33 ~833.33 0.9956 3.3
n-3 _ ~
Trithioarsenate H,AsS;0 268 y=4524. 8x+93743 8.33 ~833.33 0.9999 1.0
< n-3 o _ ~
Tetrathioarsenate H,AsS, 392 y=20690x— 462991 8.33 ~833.33 0.9998 1.3
48.5 pg/L.
4
1210. 4 pg/L Table 4 Comparison of themeasured arsenic concentrations with
505.8 pg/L 8.6 wg/L theoretical values
35.3 pg/Lo . .
Measured Theoretical Measured concentration/
No. concentration value theoretical value
pg/L pe/ L %
1 3960. 19 4515.43 87.70
2 882.48 903.09 97.72
. 3 434. 68 451.54 96.27
4 161.06 180. 62 89.17
4 5 75.85 90.31 83.99
6 42.53 45.15 94.19
4 ESI- 7 20.52 18.06 113.60
HR-MS
o ICHCP-MS N
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Synthesis Identification and Quantitative Analysis
of Aqueous Thioarsenates

WANG Min-Dai GUO QingHai’ GUO Wei PENG Yue£ ZHAO Qian
State Key Laboratory of Biogeology and Environmental Geology & School of Environmental Studies
China University of Geosciences Wuhan 430074  China

Abstract  Four kinds of thioarsenates H,AsSO,"” H, AsS,0,"” H,AsS,0"” and H,AsS,"” were
synthesized and identified by electrospray ionization-high resolution mass spectrometry ESI-HR-MS . With
the synthetic thioarsenates as standards a quantitative analytical method based on ion chromatograph—
inductively coupled plasma mass spectrometry ICHCP-MS was set up to simultaneously determine the
concentrations of arsenite  arsenate  mono-thioarsenate  di-thioarsenate  tri-thioarsenate  and tetra—
thioarsenate in water. The linear range of the method was from 3.3 pg/L to 833 ug/L with the correlation
coefficients higher than 0.99 and the detection limits were between 0.4 wg/L and 25 pg/L. The synthetic
standard materials of thioarsenates and the quantitative analysis method established in this study are of great
significance for future investigations on the environmental transportation and transformation of various arsenic
species derived from natural sulfidic waters.
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