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OE WEERIE RAAHTURE F R Li A R R Li [F AL BRI S T Al . AR SR A AG 50W-
X12(200~400 H,1.5 mL) BHE TS, BL 0.4 F1 1.0 mol /L HCI A bk BE A5 » E 57 T 38 F T 7[5 25 B b Joi B
it ELTRT SR B A 25 00 8 Li TV . o B/KPERISE A R ) Li B, X F5 8.5 AT 14.0 mL R, 5 00 AN J7iE
S b (25~190 mL) , KK AR 7 kel & BRAEZ= A5 5 ( (2.420.1) mV) 5 1) 2% HNO,; ({55
(2.3 mV) JUT—8. fEM P i rh 2R AW B0 Li [0 3 4008, 24 Li (BSOS 58 4B, 04319 &7 Li {8 K 22 4
FEIE ~50%0, T 524 M Li T LB G il 22« I 5E 7 30 40 B B bm M B 1 Li ()00 3 2R W7k Li { A +31.
4%0+0.7%0 (n=18) , Z 1lH AGV2 H+7.2%0+0.2%0 (n=4) , Z i BCR2 N+3.7%0+0.7%0 (n=8) , {£ K IN K &
GSP-2 /-0.10%00.18%0 (n=4) , 5 CHRIE MRV & 5785 BE AR T 0.8%0, 15 B [ Fr [ 28 5256 &= K ¥ o ATy
VELECRAE RIS BT T » AR R0 R A FH Bl D SRR s F &2 1) 50%, EE R TEAR, 385 1 LA R,
FBEAR 7 AR 1 AT R A ST A TR R .

Kk BRFEARAN 2R R S S B B R AR
1 55

4t (Li) A PR R A 2O L AL, L SR 2 TN 7.52% F0 92.48% M o i1 T — % 2 a8 KK
FXT R 2 (16.7%) , {513 Li R AR AP @emzl, R EMBRA G, 6'Li H 7 1E
—20%0~+45%02 (A4S Ak, JL T e T A HARMERER Li R Ay M . L U —F i
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N N )
AG 50WX12 0.40 1.0 mol/L  HCI 1 2
Li . a7
MCACP-MS(Nu Plasma 1) Li
0.8%o-
2
2.1
Nu Plasma(ll) ( Nu Instruments )o (
20 cm PFA Savillex ) ; BioRad AG 50WX12 (200~400 );
PFA (15 mL Savillex ); Li 20 mL Teflon
HNO,.HCl  HF (HNO,. HCI) (HF) (Savillex DST-
1000) Mili-Q Element ( Millipore )
18.2 MQ) cmo 0.40 1.0 mol/L  HCI 4 10
o : (NIST) L-SVEC( )~
(USGS) BCR=2. AGV=2 GSP=2 ( )o
2.2
2.2.1 . o Li
80 ng/mL 3 Li 160 ng( 40 ng) -
Li Teflon (120°C)
I mL.  HNO, (120C) 1 mL 0.40 mol /L HCI o
2.2.2 Li (20~50 mg) PFA
o :@D 50 mg 4 ml. HF- HNO,(3:1 V/V)
( ) (150°C) 24 h; @
(120C) 1 mL.  HNO, 10 min (120°C) 2~3
® HNO,; ® 3 mL HNO,
(120°C) 12 h (120C); @ 3ml  HCI (120°C) 12 h
(120C) 1 mL 1.0 mol/L HCI o
2.3
2.3.1 Li Li @D 6 mol/L HCI
( 3 2mL6mol/LHCI 3 2mlL ) L5mL
; @ 2 mL 0.40 mol/L HCI MEE)
;@ 0.5.0.5 2.5 mL 0.40 mol/L HCI E6)) 5 mL 0.40
mol /L. HCI ( ) Teflon ( L);® 3
(120°C) 2 mL 2% HNO, (1 mol/L HCI )
2.3.2 Li Li
@D 6 mol /L. HCI 1.5 mL
;@ 2.0 mL 1.0 mol/L HCI ; ® ; @
0.5 1.0 mL 1 mol/L HCI G 4.0 mL 1 mol/L HCI Teflon
(120°C) 1 mL 0.40 mol/L HCI

HONENG)

Li
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2.4 AT F1 UBFELESHLE
W R Y L S B H R A A Table 1 ~ Operating parameters of multi-collector inductively

TR (ICPMS) W% NawK. Ca Fl Me 2 coupled plasmon-mass spectrometry ( MCACP-MS) for Li
Digr M %€ ; Na.K.Ca g 5

isotopic analysis

HIUER O I RO G AR B R R S A B z% SEAT 4
(ICP —OES) {M I‘Ti' *$ l:lEl'J Li ]EJ ’TE %E % 52 Jﬁi Ji Instrument parameter Operating condition
e o RF I3 RF power 1300 W
MCHCP-MS (Nu Plasma II) Wl E. 4 &4tk )5 1550 Cool gas 3L fonin
E(Jﬁél?ll:ll?l u 2% (V/V) HN03 \7.\351\@3 %[ )\'ﬁ(%ﬁy Li LA Auxiliary gas 0.8 L/min
VRFEZ) 80 ng/mL, T 5ct P 7/ i B R AR SOMGLSEIE Intnsiy of Li 4V (/i)
HEFEHE 2 Sample gas ~0.1 mL/min

HO I L6 43 B4 L RI°Li (45 5, (X 8838 47
P FESHE WL BT LAERAREE
[ 2% 5 A2 M43 B 72 b e ik A7 0T B 40 18 ) PN RS O » DRI AE DKt 78 P s 0 DL N IR B B — s
F—2 — R — T Ak o WAFER T Z BT 2% (V/V) HNO, j5 %, B 2L ({5 514
<107 V(S/N=10") »
MARGEF L 8'Li Fow, FitE ik AR (D) frs:
"Li "Li
( 6]41) Sample ) ( 6Ll) Standard

§'Li= % 1000%o (1)

Ty -
( Ll)
67 -
Li Standard

Hrts CLi/ L) a9 SRE A (8RR Li /O Li W AR 1P 2B Li R 3R AR vy L-SVEC,
IR S DR AR i 2 A 22 v LR 2 g R KA S B T P R 5 e R A S [ 5 S S R
Horo it BT A0 FR REAE 1 3 (100 28) 58 A

3 MRS

3.1 FEREASER S

BH B T 62 i ] LUR R 59 Li 5B SBBIE T (B R RAES Na 5™ o 7E %R,
Li 1 Na [@]J# 28— 30 ( T A %) » FLAT ARABL I A0 25 1 5, 75 BH B3 7 A i R R P A Joit 22 1) 2L 5 A T 1)
Be R4, IR H, RIRFESH Na (08 &2 KF Li, 78 Li 0 St fE b, 584570 58 Na & X 5, Rk
kT o RZITER RO Li A0 Na 200 85, MIFE/ B alib 5 it Li it e &R E T
TR ZEATE . P, 7R AS RS b Li (53 B 7 VAR, 75 3 200G Li Al Na 199 25 30001 -
3.1 KFEPEERI B BN K L-SVEC bRyt KR ER 0 K BE BTkt i 2. B PR L AT, Uk
VeV ARFA NG 5 mL T4, Li gk, 158 8 mL 52 ARt ; #2510 mL, Na FF A 87k H, 305 Li
A Na W] DLSE 420 85 o BRARKE A 282 22 S AR OK, (ELRR 1 SR I99 7K, ke il R bk o L 11030 AR IR DALtk
¥ Li S TE 15 € 4 3.5~ 8.5 mL. i — e Li 215 A im0, 8k 2 Li & & IR AR S I
B30 B R SR 0 DU 8 Li & & Li (RIS 2R 98.6% ~ 102.3%, F- 3448 4 100.6% (n=30) o [&] M, H
BJUR EE R T (K" Na" Ca®™ Mg \Fe™ \Mn™ Hl AI™) )& 8 LT #RE T4 R (<0.01 mg/L) o« 1
REEFFR I, @ RS T LA O KRR L 5SS B S 70 8. 54, i MCACP-
MS 3 FEAA 25 B AR A A S ( (2.4 £ 0.1) mV) 541 2% HNO, #1155 (2.3 mV) J|F—
.
302 A KR BT ER RS RS MBI KRR Li (95 88 5 ik AT U (HR
5 B U RN 100% , 45 FRRE & [BSRAY 2908 50% , A (KRR & B R R B2 100% , {5 52 H A ) Na
FRAE . AL, KRR Li (5 S 5 ANE T B B A S R Lie AR T OKEE B A
Je AR S A A R N e, S 2 A .

BT AE 5 B A A SR EARE i R i) Li B, SR 2 (2~ 4 30 sl i A R A8 4k 1) 53 e ) 2 Bk
AR LB B T S A PAF AN 44 0 Li i 'Y o T b, ARHE I 20 W vt e ek 3B — Ik

53 H1 % JE /) Pressure of analytical chamber <1x107° Pa
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Na
. . A L-SVEC-Li N
Ll N Ll 30 |-@- River water-Li
. S —M- Sea water-Li
Na Ll o i -‘-Sah lake-Li o 915
1.0 mol/I, £ | ALsvicNa .: 5
"g 20 FO-River water-Na ] Y
- -T}-Sea water-Na - g
HCI ° =3 —:% -O'Zalt watler—ﬁa 10 =t
( : BCR2; 1 GD21; -
= 10
L-SVEC) Li 3 mL 3 5
Li 5 mL Li
0 0
100%(  2A). 012345678 9101112
Volume eluted ( mL)
Li o
) 1 N N L-SVEC Li
Li Fig.1 Elution profiles of Li in seawater salt water river
5 mL Li 8 mL water and L-SVEC
;  Na 11 mL ( 2B).
120 A . —l— Soil-Li B 3
| ~@— BCR-2-Li
100F s o —A— 1-SVEC-Li -4
< 8oF T 2570 Soil-Na
< _E 20_-{A)- BCR-2-Na o 13 3
= ol £ LN 1-SVEC-Na i E:
z = s ' et
g v z
& 40r < 10
—— Soil =
20 —@— BCR22 = 5
—A— L-SVEC
0 1 ! 1 1 1 0
0 3.4 5 6 7 8 01 23 456 78 9101112
Total volume eluted (mlL) Volume eluted ( mL)
2 BCR=2.L-SVEC : (A) ; (B)
Fig.2 Elution profiles of Li for BCR2 L-SVEC and soil sample: (A) and (B) represent the first and second
column respectively
Li Li
98.1% ~ 103.6% 100.8% (n=20) . (K" Na*.Ca* .
Mg™ Fe’*  AI'") Fe™* Al ( 0.02 mg/L)
(<0.01 mg/L) o MCHCP-MS Li Li 80 ng/mL
Li Fe Al o
Li o
3.2
Na/Li( ) .
Na/Li 10° Na/Li 2x10%. MCACP-MS Li
Na Li ‘. Li
(L-SVEC §'Li= 0) Na Na/Li 1~5( ) Li
o Na/Li Li Na/Li
3 Li Na ( 3).
Tomascak " Mg Na Na/Li(  Mg/Li)
1~5 Li . ¢ Na/Li
5 Na Li ; Na/Li 5 Li
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25 LB 72 A OE F R B . 5 B s s T i R T 8 3
2 Na/Li g /NF 20 B, A2kl Li [ A2 e E 5L
FEAE R M . T 6% ™ I Na/Li 7E 50~ L

128 (& Eb) FVE Bl Y B R AT AT B - K ASHIE 72 10
RN KRR A A M B REE . Na/Li EbE A
E/NT 0.1, A A 2Nt Li [F 2 LA ) 58 r= A 52

&Li (%o)
S
i
—
—
i
——

M o -2r
3.3 (R Bk AR b A [ 40 ST 2 3 4 s s
B E 0 [ 2 A 1 L-SVEC (8'Li=0) [F#:, 1R Na/Li (molar ratio)

5 2 ST AU A ottt 4 WA AR AN TR IR R B B A L VR A

RPBEF 1.0 mol /L HCL {5k BEif A S AL 73K Fig.3 Effect of Na concentrations on determination of Li
£ T HT 2.8.3.2.4.0.5.0.6.0 F1 7.0 mL Wk H 1A

T SR8 5 D e B VA P I Li R R 4R ER

B, i 2.8 1 3.2 mL (1) 8" Li {84 5 N +16.4%01+5.8%0, & BLEWR B FE T Li [F)67 25 & 48 B 401, 9F
HLo AR 2 kgt VA 67 Li B s T A AT L-SVEC; 17T 4.0.5.0+6.0 1 7.0 mL ¥ 6" Li B #B#eir i 4
BT L-SVEC (& 4) o« 514 FH 0.40 mol /L HC1 {E bk ey (A8 ek, Bl 4 7 46 5.0.6.0.7.0 8.0 mL
W VAT SR I BRI R A K. B TS 5.0 A1 8.0 mL W T Li & B A, PRI A 3545 Li
A7 280 . M358 6.0 1 7.0 mL w1 (1) 87 Li {8435 +18.5%0F1-30.1%0, 55 1.0 mol /L HCI 1 J itk ¥ i
(A 1 25 SRR, ke it A2 e Li [ R AR B R 200 0 8 2 TR A 22 23 50%0, F FLARL S itk e ¥
W 87 Li B Tk BT Li B 55 L-SVEC, 1 5 Rk 3910 87 Li fEAR T L-SVEC.

isotope

20 120
A B
15F 100
< 1o < sof
= g
- 2
= 5t S 6or
o
or 40
_5 L 1 1 1 1 20 1 1 1 I 1
2 3 4 5 6 7 8 2 3 4 5 6 7 8
Total volume eluted ( mL) Total volume eluted (ml.)

B4 R FEWSER Bt o Li 44 (A) A1 Li % (B)
Fig.4 8'Li value (A) and Li recovery rate (B) of eluent in different leaching stages
IR SIS 25 R A, {3 F PHES TR 20 B Li i3k A b 2 AR B B 1 R A 2R 4 R, I HLAR S ke
f¥) &7 Li {4 IE, B Li A Stk ke BeB % 5 S0k ™Y BT Fo 48 5 — %5, B Li AT AR bk 5% 8 209 AR 1O
SRR Li A 24 2 W 208, b L B S itk H ke, OO L A6 TR B A AR R Y . R 7E
BH S 74 i 20 8 Li foad b, R Li B0 52 A i, 72 4R 7L/ O Li b5 S B 1 O 5 AT 5 B0 43
PHEER I 8" Li ff o X8 1.0 mol /L HCI 4 Ay ke (¥ 22 4k, W AR U T 4.0.5.0.6.0 A1 7.0 mL #kE H
(I &7 Li A5 #R B R AL AT ) L-SVEC, R HBLFEA, R MBI SR - X2t T U RT 4.0.5.0.6.0 A1 7.0
mL R L LT A B R 7 Bl R b 2 kAR L [RIAE 25 4018 AR 2 J bk o Hh RV 0R & 7 —
S kAT L-SVEC ) 8'Li 15— 5. &5 B 52 A a7 Li ikt ih 2536 Bt — 2, AT 4.0 mL JF 4G,
Vet Li BRI 100% o Moriguti 5 1% XF Li /) B4l Ab i R F A Li [RI00 2020 M T 4B B0t 7 i B
ANGE A YRR Li (R ot D00 G ) 467 38 B AR A B, ke i R ey L ()6 3 A 7 B 40T S it e H PR
ftr & Li R R 1T J ke H 11 87 Li AR, 1 3 A 2 8K (~200%0. )
H AT, CRIE I B AR5 E 87 Li AB A 2520 70%o0, IRLAE Li (402 40 B8 I F2 v, 4 SR L [ i R AR
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Li o
34
L-SVEC / 0.5~2.5 8'Li
—0.4%0~ +0.2%o0 ( 5 —0.1%0£0.9%0(20 n= 13), 8'Li
(0+0.8%0) 8'Li
79 14 MCHCP-MS Li
Li o
Nu Plasma [l Neptune o Li
5% NaCl Li 1 /
0.9~1.1 . Li
Li 2
10% 0
35 Ir
Li é N L-SVEC
= §i=0
( . \ 5
) Li b
&'Li +31.4%0+0.7%0(n=18)
AGV2  +7.23%0+0.16%0(n=4) BCR- 20 60 100 10 180 220
2 4+3.7%0+0.7%0(n =28) GSP=2 Cii (ng/mL)
—-0.10%0+0.18%0(n=4) » s :
6" Li|_gypc Li
€2 Fig.5 Ch f 8'Li value of L-SVEC with diffe
. . ange ; S t t
08%0 Ll 12 ange o 1 value o w1 1reren
concentrations of Li
2 Li
Table 2 Standards and samples used for lithium isotopic determination in this experiment.
8'Li 8"Li
Sample name (Mean+2SD  %o0) Ref. Sample name (Mean+2SD  %o) Ref.
Sea water +30.0+0.7 10 AGV=2 +5.13+0.94 7
+31.8+1.9 12 +7.92+0.34 19
+29.3+0.9 15 +6.1+0.4 23
+32.0+0.2 16 +6.85+0.2 14
+31.1+0.2 17 +6.83+0.75 9
+31.6=1.0 4 +7.23+0.16 (n=4) This study
+31.2+0.3 18 BCR=2 +4.08+1 24
+30.55+0.45 19 +2.6+0.3 18
+30.91+0.26 20 +2.7£1.3 3
+30.87+0.15 14 +3.5+0.2 25
+31.320.6 21 +3.7£0.7 (n=8)

This study

+31.120.7 2 +3.92+0.56 (n=3)

Hot spring This study

+31.420.7 (n=18) This study Salt lake water +18.54x0.47 (n=3) This study

GSP2 -0.78+0.25 14 River water +8.83+0.32 (n=3) This study
~0.10£0.18 (n=4) This study Soil sample ~1.89+0.64 (n=3) This study
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4 75

i AG 50W-X12(200~400 H) FHE 5B, LL HCLAE kB /v B, 257 1 3& T /K BERUE 146 2
PRI TR s ELTRT S R0 Li AL BT ik o 55 SCHR T A B RORFRAR T R e WM 25 4
T AERCR, IR T IRAE S e WRFCR I, e R b S R AR R Y Li R F 4, L e T
PLSeitk P th, DIt AL "2 5y B S AR AL R ORAIE Li 4= Imlice R Y L 23 B 4k U5 95 9 45+ MCHCP-MS, fEfis
HERAI 52 KR MU A 55 2 R SR A M SR ot ) L RS SR 2 e #8120 J5 ) 00 5 45 2R 5 4Rl
(RO EClE W 5 o3 AR P2 12K 81 [ s [R) SR S 96 3 7K1 SR A e 5 3R A IR R AR R it v L TR 67 2 Al )
HERA P 5E o
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Accurate Determination of Lithium Isotopic Compositions
in Geological Samples by Multi-collector Inductively Coupled
Plasmon-Mass Spectrometry

ZHANG Jun-Wen'> MENG JunLun'’® ZHAO Zhi-Qi"* LIU Cong-Qiang'
'(State Key Laboratory of Environmental Geochemistry Institute of Geochemistry
Chinese Academy of Sciences Guiyang 550081 China)

*(School of Environmental Studies China University of Geosciences Wuhan 430071  China)
*(University of Chinese Academy of Sciences Beijing 100049  China)

*(School of Earth Science and Resources Chang’an University Xi‘an 710054 China)

Abstract Accurate determination of Li isotopic composition in natural geological samples is the basis for Li
isotope geochemical studies. In this study a method was presented for the preparation of geological materials
(water and rock) and accurate determination of Li isotopic composition was set up. Separating Li from water
and rock samples was implemented by a single column containing 1.5 mL Bio-Rad AG 50W-X12 (200 ~400
mesh) resin  and 0.40 mol/L HCI and 1.0 mol/L. HCI were used as the eluents. Only 8.5 mL and 14 mL of
eluent were used to separate Li from water and rock samples for this method respectively. Blank signal of the
operation procedure was 2.4+0.1 mV which was almost same as the 2.3 mV of the 2% HNO, signal used in
this study. Results from experiments showed that significant Li isotopic fractionation during leaching process
and the difference in §'Li values in samples with incompletely recovered Li reach up to ~ 50%c. Lithium
isotopic ratios were determined by multi-collector ICP-MS (Nu Plasma [[ ) using the sample standard
bracketing (SSB) method. L-SVEC standard with similar Li concentration to samples ( ~80 ng/mL) was used
in this study. The external precision (2¢) of this technique determined by repeated measurement of pure Li
standard solutions and seawater was <+0.8%o.The measured 8'Li values of seawater and rock standards AGV—
2 BCR-2 and GSP-2 were +31.4%020.7%0 (n=18) +7.2%0+0.2%0 (n=4) +3.7%0+0.7%0 (n=8) and —
0.10%0+0.18%0 (n=4) respectively similar to previously published values. This method can be used to
accurately determine Li isotopic composition of various types of geological samples such as waters and rocks.
The advantage of this method was that the amount of resin and reagent is reduced to 50% or less of the
previous studies thereby significantly improving the work efficiency and reducing the operation procedure
blank.
Keywords Lithium isotopic composition; Multi—collector inductively coupled plasmon-mass spectrometry ;
Lithium isotopic fractionation
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