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Pb isotopic fractionation during the ion exchange process and the modification
of purification methods for isotope determination by MC-ICPMS
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Abstract: In this paper, the fractionation of Pb isotope during the purification procedure is assessed, and the pu-
rification methods for isotope determination by MC-ICPMS are described. Purification procedure indeed leads to
the mass fractionation of Pb isotope through AG1-X8 anion exchange resin. Though the fractionation is very
small (0.43%0 amu '), it is beyond the instrument error apparently (0.23%0 amu '). The very low recovery
of Pb during the purification procedure would cause Pb isotope value to deviate from the real value. With AGI-
X8 as exchange resin, 0.2 mL 1 mol/L HBr solution as loading solution, 5 mL 1 mol/L HBr and 0.5 mL 2 mol/
L HCI solution as eluent for cleaning up the impurities, and 1.5 mL 6 mol/L HCI solution as eluent for desorp-

tion of the Pb adsorbed by the resin, the value determined after the purification of sample by using the separation
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procedure would be close to the true value within error. Under such a condition, the early fractions of the eluate
are systematically enriched in the light isotopes (8%Pb>0), whereas the late fractions of the eluate are system-
atically enriched in the heavy isotopes (§8%Pb>0), which indicates that the heavy Pb isotopes partition is ab-
sorbed more strongly into the resin than the lighter isotopes, and the distribution coefficient of Pb absorbed into
the resin 2% D /2D >1. Pb isotope fractionation may happen with the exchange of Pb in different types of com-
plex compound in the desorption process, which implies that Pb isotope fractionation would occur in the reaction
including inorganic compound or organic macromolecules. The results achieved by the authors not only enrich

the knowledge of Pb isotope fractionationbut also provide more information for the analysis and application of Pb

isotopes.
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mol/L HCl WS 73 BT T R4 (1 0 B Be e . H
PRSEGTTVEINT « USR5 = N R AEY) )it CAGS Pb,
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mol/L HBr A1 2 mol/L HCl A #ksE# 728 A0,
6 mol/ L HCI &M B 7ER g F 1) Phe  LASZEG %5 N
HAREY) T CAGS Ph [ B 1A HE) T AGV-2.
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Table 1 Chemical procedure for lead separation of sample

IR Sy Bk fEH
1 S 2 mL 6mol/L HCI SEA A
2 1 mL 2K HO T Ve IR
3 B 1 mL 1mol/L HNO; Ve R
4 B 1 mL 84K H,O0 VR IR
5 B 1 mL 6mol/L HCL THYEH R
6 Jn 1 mL #4hiK H0 THVEH R
7 fn 2% 0.2 mL 1 mol/L HBr P4 I
8 AR CA R 1 mol/L HBr) bR
9 5% 1 mL 1 mol/L HBr IR TC
10 J10.5 mL 2 mol/L HCI B TTER
11 JB0.5 mL 6 mol/L HCI B
12 JH 1 mL 6 mol/L HCI B

2 4

2.1 WESBEIEPHHBRMESE

2 HNH T AN R B H Bk R v B
B 43 BO M R 25 EUAR, BHER AT, 75 0.3~0.5
mL ISR, 5 K S b de ) R s 28k
WIFI208 Ph/204 Ph. 207 Ph/294 Ph. 200 Ph/2%4 Ph 1) 22 53l 43
A 0.066~0.017~0.013, HH T A S5 = ) CAGS
Pb FIIIE R 2 (£ 2),
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Table 2 Isotopic ratios and content of Pb in eluant from AG1-X8 resin

Vel T MGG /mL AR/ mL By % 208ph/204Ph 27ph/204Ph 206ph/204p,
2 0.2~0.3 0.1 3.15 38.369£0.002 15.554£0.001 17.956 £0.001
3 0.3~0.4 0.1 47.51 38.374£0.002 15.554+0.001 17.956£0.001
4 0.4~0.5 0.1 41.46 38.395£0.002 15.561£0.001 17.961£0.001
5 0.5~0.6 0.1 7.34 38.417£0.002 15.567£0.001 17.966 £0.001
6 0.6~0.7 0.1 0.54 38.435£0.007 15.571£0.003 17.969£0.003

h T RERE HM ML S 2 1 AGT-X8 BT T A8 Hl
PG A S )7 35 1 20 TR A A, AAS [R] A B 11 38 it
WAFES, LA A CAGS Pb A ks 4 5, LAFE i
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B B0 0 98 10 0 R0 3R AL AR (A 3K 304.5), &
3 HIH T AR BRI 1 S )47 25 4R T A
FHE 3 AT LAY S5 i HH A) A 1 B () A
R R ED G R R R IR VA L R R I K VA
AG1-X8 BB 7AW IR 25 4 Rt ) T i, 4046 e 24
VeI 828 Pb 7 Pb 82 Pb 72 51l 73 514 1.71%0~

Kl B 828 Ph/§% Ph = 2.208 2 = (208 — 204 )/
(206 — 204, 3 Ph/5*Pb = 1.491~1.5 = (207 —
204)/ (206 — 204, B B & 45 F A7 10 AR b (1 2 1
KR L R TG U . 45 BRI LA
S E N IR AEY) T CAGS Pb W FF i, 285 B4 IR A
I, FEAN [ o B B KU 1) 5 340 B — - R 5T 8 o 1) b
HED) oL, 20 e B R A ) a5 0P 8 [ 67 3% 1) 40 1
A2 53 g Al A I B ) 5, JCAS R4 35 AR 1) AR 40
5T BP0 PLL 207 Ph 2P IARAETE K
30Ph=[ (% Pb/2% P/ COSPh/2MPh) g — 1

1.12%0~ 0.71%0, F5 A B HY T 4 4% 89 90wl 1% % %1000 (3)
(82" Pb5""7 Pbs 8 Pb MR TR 79014 0.91%0  207ply = [ (Y7 PL/ 24Py 41 /(T Ph/2%Ph) g — 1]
0.77%0~0.89%0 ), % W] 73 B 1L B 3 B0 1 45 [ A7 =2 1) %1000 4
2N\
i §5Ph = [ (%Ph/24Ph) .,/ CHPh/24Ph) i — 1]
P 1 A L B I 9 0 340 e 1000 (s>
Fz 3 1T AGI1-X8 WAERY LR R P ERRI AL R LA B
Table 3 Isotopic composition of Pb in eluant from AG1-X8 resin
FPh 7Ph 5Ph
I - )5 i - i i - A5 JE—
PR e mee P mpe omew R ppw zem
2 —0.453 —0.453 -0.014 -0.231 -0.231 0.022 =0.150 =0.150 0.001
3 —0.328 -0.336 0.000 -0.212 -0.213 0.030 -0.178 -0.176 0.006
4 0.221 —0.085 0.316 0.199 —0.028 0.263 0.139 —0.034 0.184
5 0.782 —0.021 0.814 0.578 0.017 0. 600 0.406 —0.002 0.417
6 1.261 -0.014 1.261 0.887 0.022 0.887 0.557 0.001 0.557
1.40 1.00
120 } *
oo b |
080 } 060 |
g 060 F y=2.208x-0.045 - 1=1.491x+0.013
= R=0.985 =040 R=0.993
£ 040 } s
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020 F
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Fig. 1

Correlations between Pb isotope ratios
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K4 HIH T FRAED BT CAGS Pby NBS 981 Pb.
AGV-2 F1 BCR-2 HIASHIFFT M & {8 M bR . 45 2R
F W, CAGS Pb-NBS 981 Pb-AGV-2 #l BCR-2 I A

BT 00 5 A AR A L P9 1 00 kR 22 3 A A4 3¢
A3 B R AL FR A 0 1R RS S R AN S5 B
TRBAT 3 BT AT K e 85 RER W, FE AT ST
SERARAE N % B TRV S AT I
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Table 4 Isotope analyses of Pb of geological reference materials after ion-exchange separation

BT 5T 208ph/204ph(2sd) 207ph/24Ph( 2sd) 206p},/204Ph( 2sd) Kl e
CAGS Pb 38.427+0.010 15.567+0.004 17.972+0.004 PN
CAGS Pb 38.447+0.035 15.576+0.012 17.982+0.016 B 5 A
NBS 981 Pb 36.691+0.006 15.487+0.003 16.931+0.003 NI
NBS 981 Pb 36.722+0.040 15.492+0.012 16.937+0.009 B
NBS 981 Pb 36.701+0.003 15.489+0.001 16.936 +0.000 7 Todt et al. 1996
NBS 981 Pb 36.683+0.008 15.490 +0.004 16.947 +0.008 White et al . » 2000
AGV-2 38.511+0.040 15.609+0.012 18.864+0.014 HRTHELH
AGV-2 38.530+0.002 15.621+0.001 18.866+0.001 G5
AGV-2 38.544+0.014 15.617+0.007 18.869 +0.006 Weis et al . 2006
AGV-2 38.511+0.020 15.609 +0.005 18.864 +0.007 Woodhead et al . » 2000
BCR-2 38.691+0.042 15.615+0.006 18.750+0.022 FriHEAH
BCR-2 38.715+0.002 15.627+0.001 18.758 +0.001 EN TS
BCR-2 38.724 +0.040 15.624%0.004 18.753+0.020 Weis et al . 2006
BCR-2 38.691+0.021 15.615+0.003 18.750+0.011 Woodhead et al ., 2000
R-Br~ +2"PbBr; <R-2™PbBr;  +Br~ @A)
3 e

3.1 WEEAEIERHBEREMNEDIBIIE

IR B I 23 25 2l Ak A b v oo I, JT SR AR IR
O AR R AN R RC A4 (0] A2 e FR B ] e & 5
AL RE I AR HX(X = CLB) %
FZLLPbX; M PbX; B T A A AE (Ko-
rkischs 2000 s B AN 7] 4% 75 T 2 ) AH ) 1R o o 22 55
/I, R AR I 53 8 24 B b rh B N O R T B

TR 25 20 1 nT L2 AN T o DR, I B 3
BEAEAN ) 25 T 2 TR A V8RR I 1] D 1R A ek 7 3
B R 22 R 2 TR LI

ARG 73 B A AE b oo R RS 2 NP
B © TuHEBA RN @ MR I AR I B
PG I FE . 2246 I R G 35 o 25 TR 3R 1A 5% i
AN [ 76 35 1 WO o R A28 R el R v o A 1 B B AR AR [

1 mol/L HBr MW, 8 F 2 LL PbBr; - B
SALE, DLW EAEA 0, IR AG1-X8 B2 1
A AR 3 VR i R I, DL2OS PLANZOYPL Ry 1, VAR
IR i AN (] (77 2% WS B A2 8 e W ABE 20— FE (A 264
7):

R-Br~ +2%PbBr;” < R-2®PbBr; +Br~ (6)

B 7 A8 e B i AG1-X8 X PbBry 1 & 5k 4
W B H (1 mol/L HBr M i, D = [R-PbBr~ 1/
[PbBri~ 1 = [ Pb Jype/L Pb Jyy =& 353 ) ( Korkischs
2000, A4 JIE 1T LI B0 9 B AT 5 4 1R W B
FHC>95% HIETICED , If HLWE B i R Y 30+ L 1)
B B, FIH AGL-XS B & 1 < 5, LL 1
mol/L HBr A _EAESN 5T, #F i 42 1k B g A3 1, 5 A
PbBr;~ -R W R B, W B o 7 mT B A 2 5 3080
[Fi) {37 2% 1) 7318 o
TEERIR A U, B B ZELL PhClE~ M PbCly &1
2 AF #E (Korkischs 2000). A SEEHF 57 4, H 2
mol/L HCl 73 B§ 5K TC E A 6 mol/ L HCL ¥ Mt 4
B AT L R R, BT PLCIE WPbCly FIR i 114 45
GRS AL, @A RS D = (LR-PbC;~ ]+ [R-Pb-
Cly D/(LPbCE™ J+[PbCly D =[Pblyp/LPblyy=~
1 (Korkischs 2000, %% 4 B W B (185 12 35 B R-Pb-
Bri ™ MEREA K PbCE A PhCH,O)Cly X, bl
R DR AR R 38 0, Bl AR T B B 4D i 2 T 4 o I
Tk
7t 7 mol/L HCL /v it , FIH AG MP-1 B+
AL AR I 43 125 Al AR S b A B I, AT T
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BB IR (W) A 3, 5 RO R e SR R R I
[F 7 2 (Anbar et al.» 2000; Maréchal and Albaréde,
2002); 7 8 mol/L HCl /st , I HI TRU 4§ 24 b fig
3 % Al AR SRR I, TR R AR 1 R IR A
7, 5 WU W) AR B 10 T ) A2 22 (Wombacher et
al.» 2003). Anbar 52000+ Maréchal % (2002) F
Wombacher %2003 )\ A TG 25 75 & ¥ I8 R T 8
Ao A R 2% 6 5 TR & AEAE, Bl in: [MCI,
(HyO)g_, 1F 2, ANTR 4% 45 T gk 1) 5 59 AN ), 1T
AN 2R e N RE R (1 16 & P (Criss, 1999),
DR] S 5 R R T O B 28 G SR AP AR TR S AN ) 2 5
WG 7y B At R b oc FE MM E SR R . X T
WS B £ R T b 1 oG 2R RIS 2% AL, i U9 T . 2%
AR RECD = LM Jyype /LM D ) B/ 1) [R] A7
7, 010 J5 WD AR RECK I AL 3o ARSI
BAIE TR, AT I AR FRE i, BT SR R A SR Y
BN ZR (PP Ph<0), J5 Bk L1 ST 1) E R
FPUPb>0). R IZLILM T, AGL-X8 &
TS TR A L > REC® D /2D KT 1. R
W — D SIS e AG1-XS THE T2 4t
PG R 3 P v R P A TR A AE TE A RO A
3.2 WAENEIREPIAENLE BN

R FE A5 i B8 0 0 110 % 5 R4S [ A 2% 4
(220, 0] nl BB PR AR BT W) A7 25 41 adk AT 7 SR AR
PRSI 30 MR A S0 == A I R 22
(CAGS Pb 1298 ph/204 P, 207 ph/204 Pl 206 ph,/204 P, [
{E 23524 38.447+0.035.15.576 £0.01217.982 +
0.016), FE il I 28 Ph. 827 Ph. §2° Pb 122 44, il 53
FITE +0.91%0~ +0.77%0~ + 0.89%0 2 [0 J& T 1E ¥
B o R 4 F0d T %, e e ORE S i ACEZ I T AT
BLOE MW, 3 0.2 ~0.6 mL e R FH 828 Phb.
7 Pby 8% Pb A& 4k 78 [ 4> Al A — 0.453%0 ~
—=0.014%0~ — 0.231%0 ~ 0.022%0~ — 0.150%0 ~
0.0071%o» F43/NF- Ik 15 22 90 [, DR 5 10 4 I 467 3%
R U i 2 3 R PN — 38805 L S T v
A % F JRUAA FE S 35 0.6 mL YE B 1) 8% Pb.
FVPh &> Phar 5l K 1.261%0+0.865%0~0.556%05 34
T IR ZE VG L, AR 0.5 mL A1 0.6 mL Yefli
W) 8% Pbs 87 Ph 8 Pb R 1A 738 0.814%0~
0.600%0~0.417%0, /N T8 5% 22 Y [, 72 ok A fn 2R
PR T AT BB, WA IS 0.2 mL FIBEMG
T, A REORUEFE 1R A () A7 35 2 R 3 e 22 Vi [
W2

IR AE UL, AE IR A 23 8 2l A0 T 0 R
HHB S BT A RV 3R 0 0 U BUOARIXRR I AR S L
RV [ 7 25 03 B R B/ 4B T DR UE A ity o 45 [
RE 2R (R TRERA DN A2 » SEAT 28 14 R A7 3% 1R N, 4 B,
AHIE R T 3 B R AR R ot Y

4 Gk

i B SCHREAR v R AGT-X8 BH 2 1 22 6 44
JI 23 s Al A A rR BT e R A S 2 3 B0 A A 25 1
I3, BRI AL R B Y A 2R 0 TR AR SRR D,
AR T SRERE i 1 DS 36 R, 25 3 BOFF b 1 4
[FA57 25 DN A 0 B L. R M R A e G, A
PRUF REHZ AT 0.2~ 0.7 mL Yo [H W AR 0.1
mL PRSI, VUK b PR 4TS R A 3 A R At 5%
2230 B A — 390 1 SR AT IR B v v O, ) A A B
0.2 mL MVEBIIR A FECRUEAE S 0 [ A7 28 41 fE
MR ZE e N — 3. R LR SRR 23 25 2l A0 R
HUETIE AE G AL MC-ICPMS 1l e 23K, thn] L3RS
T IE A7 2 ks B AR 75 3k: D 0.2 mL 1mol/L
HBr & AR A I MG @ 1 mol/ LHBr 73 B 54
JCES BN 1 mL, 35 5 %D 0.5 mL 2mol/L HCI
MEFARTCE; @ 1.5 mL 6mol/L HCI it W 4% 44 i
W B o

HEARFIH AG1-X8 BB A8 3 g 3 &8 4l AL FF
sl B I AR T UK A R AT 3 A TR R B DN, (HAE
IR 8 Vs VR T TG 3R TR AT e B i R B8 K 0
T2 5, EWEREIE T, THLS G P AHLK
NTS5 RN R RS 5 BT AL  TE
R A S TH AL Z AU, B
Y RS 25 1R o0 B R N R B T B 22 14 B S HE
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