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Separation of Mg for isotope determination by MC-ICP-MS

LI Shi-zhen', ZHU Xiang-kun!, HE Xue-xian', YANG Chun!, ZHAO Xin-miac® and TANG Suo-han!
(1. Laboratory of Isotope Geology, MLR, Institute of Geology, CAGS, Beijing 100037, China; 2. Institute of Geology
and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Accurate determination of Mg isotopes using MC-ICP-MS requires an adequate separation of elements from bulk samples.
Cation exchange chromatography has been used to separate Mg from the matrix elements. However, the removal of Fe and Al from
Mg solution is not effective, and Fe and Al do affect the accurate determination of Mg isotope by MC-ICP-MS. Methods for different
kinds of samples were investigated based on exchange chromatography using AG50W-X12 and coprecipitation of Fe and Al using
diluted NHy H,O, and Mg isotope composition of natural sample was determined after purification. The results show that @D It is
enough to separate Mg from the bulk samples using the resin column one time when 22 (Fe)/m (Mg)<<0.1, m (Al)/m (Mg)<<0.2
and 7 (Na)/m (Mg)<<1 in solution; @ It is enough to separate Mg from the bulk samples using the resin column two times when

m(Fe) /m(Mg) <<0.1, m(Al)/m (Mg)<<0.2 and m (Na)/m (Mg) >1 in solution; @ It is essential to obtain Mg solution using
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coprecipitation of Fe and Al by NH; H,O and separation of Mg by cation exchange chromatography one time when m Fe

>0.1 m Al m Mg >0.2 and m Na

Feand Al by NH; H,O and separation of Mg by cation exchange chromatography two times when m Fe m

m Al m Mg >0.2 and m Na

m Mg

m Mg <1 in solution @ It is essential to obtain Mg solution using coprecipitation of

Mg >0.1

m Mg >1 in solution & The Mg isotopic compositions of the sea water around Qingdao City

are 8 Mgpgys = — 0.43%0 and 8°Mgpgyz = — 0.84%  The Mg isotopic compositions of the sea water around HLD are 8> Mgpays =

—0.44%0 and & Mgpgys = — 0.85%o.
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CD Fe Al Mg 1.3.1 1
3 C C1-C3 17 D DI~D17 Cl~ AG50W-X12
C3 DI~D3 D4~D17 1 2 Milli-Q
1mL 0.1 mol L HNOs 1.25 mL 3.9 mm
2~3  H0, Kspr on. Fe Fe' 0.5mL0.5mol LHF Mili-Q 3 2 mL
Fe 6 mol L HCI 2.5 mL 2 mol L HCI
2
1
Table 1 Concentration of elements in artificial solution 2
-1 -1
Aw“ pg ml. : (:w“ mg ml. o Table 2 Flow chart of Mg purification by the first
Al 106) 6 | 15 3 cation-exchange
Ca 50 1432.5 .
;;r 01‘41 133 s 3 2 mol L HCI 2.5
Ke oo ‘ 2 mol L HCI 0.3
Mg 10 31.4 3 15 2 mol L HCI 1
Vi 0.225 2 mol L HCI 6 Mg
Na 20 1.725
;r ggii 2 mol L HCI
n .
2 Mg Na Mg Ca
1.2 Al~A6 A9—~AIO0 Mg
6 mL 0.4 mol L HCI
50 pil. 2 Al ~ A6 A9~
HNO 3 HCL 3 > Al10 A7~AS8 0.5 mL
3 <z ) <z
mol L HCI Mg
10 mg IR IS Adrantage ICP-AES B
Teflon SmL V HNO; :V HF =1:5 Mg Bl=h2 B3~
150 0.2 mol L HNO; 0.4 mol L HCI
HNO, HF 3 HCI Bl ~B2 B3 ~B4 Bl ~B2
3 HCI 2 mol L HCI AGOW-XI2 B3 —B4
Mg 2
1.3 1.3.2 2
AG50W-X12 Mg 2 2 AGS0W-X12
1 Na Mg 0.25 mL 3.9 mm
2 Na Mg 2 mL
) 0.4 mol L HCI 3
i S 3
{} {} Table 3 Flow chart of Mg purification by the second
Al~A6  ZREFRBRMMAEEHPHLE cation-exchange
AL— AT-A8  —KBFEHRARLE ml
A9~A10 ZREFRHMALR 0-4 mol L HCI g
0.4 mol L HCI 0.2
B< B1~B2 —REFXHMI/EXRELE 0.4 mol L HCI 12
B3~B4 CABFERABRRER 6 mol I HCI 3 Mg
1 AB Mg
Fig. 1 The experiment on Mg purification by cation-exchange A B 0.4 mol L HCI Al ~ A6
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Mg 0.2 mol L HNO; Mg OH , pH 10.8~9.3 Fe 10
A9 ~Al0 0.5 mL ~0.1 pg mL 0.0002~0.000 002 mol L Fe OH ;
pH 2.8~4.4 Al 10~0.2 pg mL 0.0002~
IR IS Adrantage ICP-AES 0.000 008 mol L Fe OH ; pH 4.4~
B3 ~H®4 Mg 0.2 mol L 4.9 Mg 1.0~1000 pg mL Fe
HNO;, AGS0W-X12 10~0.1 pg mL Al 10~0.2 pg mL
pH 5~9
1.4 Fe Al Fe Al Mg pH
141 Fe Al 7.5 pH Mg OH ,
2008 m Fe m Mg > Fe OH ; Al OH ; Mg?* =180 mol L = 432000
0.1 m Al m Mg >0.2 MCICPMS Mg #gml Fe'™ =4x1075% mol L=2.21075 g mL
m Fe m Mg APT =4.6x10 ¥ mol L=1.2x10 %% pg mL
0.1-3 0.3 3 pH=7.5 Mg OH ,
m Al m Mg 0.05~3 Mg 432 000 pg mL
0.05 3 Mg S0pg 1 mL Mg?" =50 pg mL
1.4.2 Fe Al pH 10 Mg OH
Mg OH , Al OH ; Fe OH ; pH 7.5 Fr\Al
Kspyg o, = 1.8 X 10711 Kspy oy , = 4.57 X 103 NROH
Kspre o = 4.0 10-3 M2' AP' T pH e pH>10 Mg OH ,
Mg OH , Al OH 3 Fe OH 3 pH 50 milli-Q NH; H,0
Tml Mg Fe Al ImL 0.1 mol L HNO;
110 10 pg Mg 1.0 pg ml 2~3  H0O, 10 h 50
0.00004 mol . Fe 10 pg mL. 0.0002 mol L. Al
10 pg mL 0.000 4 mol L 1.4.3 Fe Al
Mg OIT , Fe OH 3 Al OH ; pH Fe OH 5 Al OH ; Mg
10.8 2.8 4.4 Fe oH Mg OH ,
Al Mg Mg
m Fe m Mg = 0.1 Fe Al Mg 1
m Al m Mg =0.2 Fe 0.1 pg mL m Fe :m Al :m Mg
0.000002 mol L Al 0.2 pg mL 0.000 008 Fe OH ; Al OH ;
mol L pH 4.4 4.9 Mg Mg
Mg 2 Mg OH ,
m Fe m Mg <0.1 m Al m Mg <0.2
Mg Mg 2
1 mL Mg Fe Al
1000 10 10 pg Mg OH , Fe OH ;
Al OH ; pH 9.32.8 4.4 Cl~C2(BE10 h, B0, B F L7 BEIT R =)
m Fe m Mg =0.1 m Al m Mg =0.2 o ¢
C3(#E10h, B0, HEREFR) —
pH 4.4 4.9 (G 3881
Mg m Fe m Mg DI~D2(BEI0 b, B.L, BEHH) ]
<0.1 m Al m Mg <0.2 Mg D3(EE10h, B0, B EFR, BriED D
(FIiE K 32) — D4~DIT(EHER R, B0, ] ERER) =
Mg Fe Al
Mg OH , Al OH ; Fe OH , 2 FeAl
Fe Al Fig. 2 Flow chart of Mg purification by coprecipitation
of Fe and Al

Mg 1.0~1000 pg mL 0.00004~0.04 mol L
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1 mL 0.1 mol L HNO; 2~3 HO 2008
10 h 50 5*Mg= *Mg *Mg “Mg **Mg -1 X
pH pH pH~7.5 1000 =25 26 Mg DSM3 Mg
10 h C3 DiI~D2 Dead sea Magnesium Ltd. Israel
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Fig. 4 Separation of Mg from matrix elements in artificial solution
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0.01 pg
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2.4 Fe Al Mg
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Table 4 Isotope variations of Mg after ion-exchange separation
Mg Mg
1 -0.09 -0.22
2 -0.02 —0.08
3 -0.09 -0.12
4 —0.08 -0.06
5 -0.01 -0.07
6 0.02 0.01
—0.04 -0.09

60% Al 80% MC-
ICP-MS Mg m Fe m Mg <
0.1m Al m Mg <0.2 2008
m Fe m Mg >0.25 m Al m Mg >1
AG50W-X12 MC-ICP-MS
Mg
m Fe tm Al :m Mg =2:2:1
m Fe tm Al :m Mg = 1:1:2 CD
I mL 0.1 mol L. HNO; pH~7.5
1 cl 2 D3
3
0.1 mol L HNO;
Mg
MC-ICP-MS Mg
5 Fe Al Mg
Mg ©) NHz
H,O m Fe tm Al
Fe: Al Mg @
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0.09% amu ! 2sd
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5 Fe Al Mg m Al m Mg m Fe m Mg
Mg Yoo 0.000 002 MC-ICP-MS Mg
Table 5 Mg isotope compositions of the supernate of F M Al M
different ratios of Fe Al Mg m after coprecipitation mere m & m " & .
m Fe tm Al im Mg Mg 5°Mg m Nam Mg ~8 AGSOW-XI12
il o ~0.04 ~0.07 Na S0l
2:2:1 -0.05 -0.16 mol L HCI Mg 0.4
1:1:2 —0.1 —0.26 mol L HCI Mg 0.1
1:1:2 2 001 002 mol L HNO;  MC-ICP-MS Mg 7
-0.01 -0.05 .
“0.04+0.08 2sd 0. 1150.18 2sd Young  Galy 2004 Mg 5% Mepswis
—0.86%0~ —0.8%o0 Cardcr 2004 VlthI‘S 2005
6 m Fe im Al :m Mg =2:2:1 Mg 5 Mgpsws  — 0.82%0
Mg %0 AG50W-X12
Table 6 Mg isotope compositions of the supernate of Mg
m Fe :m Al :m Mg =2:2:1 that stayed for
different time spans after coprecipitation
0,
h Mg Mg 7 . Me . Yoo
Table 7 Isotope composition of Mg of geological samples
0 0.09 0.17 - ~
., Z0.03 ~0.02 3~ Mepsvis 0" Mepswis
0.02 0.03 QD-SW —0.43 —0.84
52 005 01 H%ﬁw :8‘33 :8'?2
0-10 0260\ Ol 2 -0.10 -0.20
~0.08 —RJd3 ol3 ~0.11 ~0.22
8 3 0.05 0.09 Opxl 0.07 0.15
0.01 0.02 Opx2 ~0.10 -0.21
0.00 0.03 Opx3 -0.05 -0.12
16 2 =0.03 -0.03 Cpxl =0.20 -0.38
0.05 0.06 Cpx2 -0.25 -0.44
0.09 0.14 Cpx3 -0.19 -0.39
24 4 0.07 0.12
0.04 0.07 m Fe m
0.02 0.04 Mg 0.26 0.24 0.23 m Al m Mg 0
0.12 0.36 AG50W-X12
Al OH 5 Fe OH 5 Fe Al Fe 50% Al
Mg Mg OH , 60% Mg
Mg Mg OH » Mg m Fe m Mg 0.130.12 0.12 m Al m Mg
2 Fe Al Me 00.05 0.14
0~24 h Mg Fe Al Mg Fe
Mg Al MC-ICP-MS Mg
0.09%0 amu~ ! 2sd
2008
Fe Al Mg Mg Mg
m Al m Mg <0.01 m Fe m Mg <0.01 1 mL0.1mol L 23
Fe Al Mg 30% H,0, 10 h 50
NH; H,O Fe  pH 7.5 3800 r min
Al Mg MCICPMS Mg 2 mol L HCI
Fe Al 1 Mg 0.4 mol L
2.5 HClI 2 Mg
0.1 mol L. HNO; MC-ICP-MS Mg 7

Mg
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Wiechert and Halliday 2007
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1 m Fe m Mg <<0.1 m Al m Mg <
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Mg MC-ICP-MS Mg
Mg
3 m Fe m Mg >0.1 m Al m Mg >
0.2 m Na m Mg <1 50
Fe Al AG50W-X12
1 Mg MC-ICP-MS -~ Mg
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