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Ion-exchange separation of Mo and its suitability for sample-standard
bracketing and double spiking techniques of mass bias correction

LI Jin, ZHU Xiang-kun and TANG Suo-han
(Laboratory of Isotope Geology, MLR, Institute of Geology, CAGS, Beijing 100037, China)

Abstract: The anion exchange resin Bio-Rad AG1-X8 can be used to separate Mo from matrix elements in black
shale and other geological samples. Most matrix elements, such as Fe, Ca, Na, Mn, Mg, Sr, Al, Cuand K,
were eluted firstly by 1 mol/L HF+ 0.5 mol/L HCI; then Ti and Zr were eluted by 4 mol/LL HCI; and Mo was
eluted lastly by 3 mol/LL HNOs. Sr, which leads Mo isotope fractionation when Mo isotopic composition is ana-
lyzed by MC-ICP-MS, can be separated completely from Mo. During the eluting, most Mo was eluted within
the first 5 mL HNO;; the heavier Mo isotopes were collected first, then the lighter ones, so the eluant must be
collected completely to avoid Mo isotope fractionation. When the amount of Mo in sample is large enough (=50
pg), “column matrix effects” can be neglected and the Mo isotopic composition is unchanged after ion exchange
separation, so the separation method is suitable for both sample-standard bracketing and double spiking tech-
niques to calibrate the instrumental mass bias; nevertheless, due to “column matrix effects”, this method is suit-
able for double spiking only when the amount of Mo is small (<50 pg).
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Table 1 Some potential isobaric interferences on Mo isotope signals

54Fe 38Ar + 54Cr 38/\1, + 7(JSe l()() + 76Ge 16() + 75AS 17() + 62Ni 14N 1(3() + S‘JCO 15N 18() +

Mo
57Fe 35cl + SEMn 37Cl + 9ZZr+ 184W 2+ 184()S 2+
SGP‘e 38Ar + 54Fe 40Ar + SSNi SGAr + 54Cr 40Ar + 78Se l()O + 63Cu ISN 160 + 64Zn 14\1 160 +
94 - 2 i\
Mo GZNi 14N 180 + 571_;(: 37Cl + 5‘)CO SSCl + ISSOS 2+
95M0 SSMn 40Ar + 57Fe 36Ar + SQCO 36Ar + 785e l()()H + GSCu 14N 16() + 64Zn ISN l()() + SSNi 37cl +
SSFe 37C1 + 19[]()S2+
SGI;e 4(]Ar + 58N1 36Ar + SUSe l(yO + (\SCU ISN IGO + (y(\Zn 14N l(xO + G4Ni 14N ISO + (\INi 35Cl +
96 - g
Mo 59(,‘0 37Cl + 4[]Ar 4[]Ar IGO t QGZI_ + %Ru + 192()S 2+ 1‘)21)12 +
97M0 57Fe 4(]Ar + SQCO BSAI, + GlNi 3()A1, + 8[)Se lG()H + ()SCU 14N 18() + ()ONi 37Cl + 40A1' 4()Ar 17() +
194Pt2+
K;SMO SSNl 4(PAr + SSP‘C 4(]Ar + SZSC IGO + Gszn 14N l(yO + GSCU 35cl + 61Ni 37cl + 98[{U+ 1961)12+
4[]Ar AUAI' 180 +
IOOMO 60Ni 40Ar + MZH 36Ar + 84Sr 16(’) + 68Zn 4N 18(’) + 69Ga ISN 16(') + 70(}e MN 16() + 63Cu 37Cl +

l()(]RU + 200Hg2 +
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Table 2 Flow chart of Mo separation by anion-exchange resin

mL
7 mol L HNO; 10
2
6 mol L HCI 10
2
1 mol L HCI 32
1 mol L HF+0.5 mol L HCI 4
1 mol L HF+0.5 mol L HCI 6
1 mol L HF+0.5 mol L HCI 10
4 mol L HCI 8
3 mol L HNO; 10




4 MC-ICP-MS 751
1.6 Mo
Mo
Nu Plasma HR 2
MC-ICP-MS
Nu Instruments DSN-100 ICP-AES 1
0.3 pg mL 1 mol LHF+0.5 mol L HCI 10 mL
0.1 mol L HNO; Fe Ca Na Mn
10% HNO; 1% HNO; 3 min 2 min Mg Sr Al Cu K 4 mol L HCI
Belshaw Unix 6 mL Ti  Zr 3 mol L HNO;
Mo Bio-Rad AG1-X8
20 s - Mo
2010 2010 -
2011 MC-ICP-MS Sr
Mo Mo
“Mo %Mo Mo  Sr
0" Mo OO B L 22 Mo Mo
X1000 x 100 98 97 = 100 98 97 Mo
6 mL I mol L HF+0.5 mol L HCI
2 Mo 1000 pg  CAGS-Mo
2 Mo
21 Mo 0.3 mol L HNO;
Mo MC-ICP-MS
Mo Mo CAGS-
’s 1 mol/L HF+0.5 mol/L HCI | 4mol/L HCI | 3 mol/L HNO3
—&— Mg —a&— Ti
—6—Fc —®— MNa
—e—x —=— Al
—8— Ca ---®- Mn
—--m--- Gy -4 S
---A--- Zr —%— Mo
0 5 10 15 20 25 30 35
FRPE AR/ mL
1
Fig. 1 Elution curves of mixed standard solution
Mo - Mo Mo
2011 2 ) Mo
Mo 1~5 mL @
Mo Cu Zhu et al. 2002
Mo 5 mL



752 30
1000 2 Mo 200 L2 50 g
800} o WE 11 Mo
B —o— §10095\[
& eoof L - MC-ICP-MS
i | 1.2
= 400 1 i
200 12 1 ”
D et
Wik iR/ mL
2 Mo Mo
Fig. 2 Mo concentration and & ' Mo for Mo eluted from
an ion exchange column using anion resin Bio-Rad AG1-X8
2011 Cu Zn
2.3 - MC-ICP-MS
2.4 MC-ICP-MS
Mo 99.3% ~ 101.7%
Pearce et al. 2009 - 1.6 pg Fisher-
Pietruszka Reznik Mo Mo
2008 a Fisher-
column 7, MC-ICP-
matrix effect ” Mo MS 2011
- Mo 4 Mo 1.6 pg
- 2010
3 200 50 1 pg Mo
CAGS-Mo 2 MC-ICP-MS
CAGS-Mo Mo
MC-ICP-MS 1.6 pg
Mo 3
Mo
3 Mo
- MC-ICP-MS Mo Russell et al. 1978
Table 3 Isotope results of Mo after ion exchange 2011
separation calibrated by sample-standard bracketing
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