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Abstract

Determination ofLi/“Li ratios using LLBO; ions analysed by thermal ionisation mass spectrometry with ion counting has

been investigated by numerical simulation and experiment. It is possible to solve for one or morélLif'thigatio, *°B/*'B

ratio and fractionation if one or more of the ratios of the 54, 55, 56, 57, 58 and 59 masseBOf Lare measured. Monte
Carlo simulation of data sets suggests that within-sample precision on measuremeB@f Iohass ratios is largely limited

by counting statistics and should result in precision as good as 0.25%w0(1 the ®Li/“Li ratio. However repeatability of
SLi/"Li and °B/*'B ratios gives precisions no better than approximateBo (1) and the probable cause is fractionation of
the®Li/“Li ratio on the filament due to the largeLion beam produced during analysis ofBO; . Plots of variation of sample
fractionation with time confirms that fractionation is primarily controlled by varyfiwg/“Li ratio rather than varying
fractionation of L,BO; or *°B/*!B ratio. (Int J Mass Spectrom 202 (2000) 273-282) © 2000 Elsevier Science B.V.
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1. Introduction during sample preparation [1], but monitoring fraction-
ation during analysis has not so far proved possible.
Analysis of lithium isotopic compositions is of Loading Li as part of a heavy molecule and analysing
significance to geochemistry and cosmochemistry in the isotopic ratio of the Li beam at carefully con-
addition to the technological applications of the sepa- trolled conditions has given isotopic compositions
rated isotopes. Lithium has two natural stable isotopes, repeatable to better than 0.5%. although the results
8Li and “Li. The large relative mass difference results in  from individual operators differ by up to 2.6%o
large variations in the isotopic ratio in nature but also [1-10]. Chan [1] and Sahoo and Masuda [6] analysed
makes Li very susceptible to fractionation during both Li isotopic compositions from the ion LBOS , which
chemical preparation of samples and analysis by thermalyields masses from 54 to 60. With this method it is
ionisation mass-spectrometry. Improvements in chemi- theoretically possible to correct for fractionation if
cal separation procedures have minimised fractionation two or more mass ratios are measured and the B
isotopic composition is known or to calculate both Li
and B isotopic compositions and fractionation if three
* Corresponding author. or more mass ratios are measured.
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In this article we evaluate the possibility of frac-
tionation-corrected Li isotopic analysis usingBOS
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oxygen isotope composition does not contribute sig-
nificantly to the analytical uncertainty using these

ions. Monte Carlo numerical techniques are used to masses. The dominant factors in masses 58 and 59 are

investigate the optimal B isotopic spike, optimal
analytical routines and error propagation. Analyses of
the National Bureau of Standards (NBS) L-SVEC Li

multiplied by *¥0/*°0. In the discussion below we
assume that’0/*°0 varies linearly with%0/*€0. Eq.
(1) may be solved for as many of the unknowns,

carbonate using ion-counting are used to test the 6Lj/7Li, 198/*'B, *80/*°0 and the fractionation factor,

method, particularly the success of fractionation cor-
rections. Our main conclusion is that it is not possible
to correct for fractionation resulting from loss of the
much large Li beam.

2. Theory
It is possible to solve for Li, B and O isotopic

composition as well as fractionation from analyses of
the isotopic ratios of the eight masses ofbRO; .

First we present the method and discuss the results of

theoretical calculations of the likely analytical sensi-
tivity and error propagation based on Monte Carlo

techniques. We discuss estimates of fractionation and

its significance, the optimal errors in calculated Li and
B isotopic compositions given counting statistics and
the optimal B isotopic composition to minimise prop-
agated errors in calculation of Li isotopic composi-
tion. Table 1 lists the combinations of Li, B and O
isotopes that make up masses ofB®, and the
calculated fractions of the constituent molecules for
Li with the isotopic composition of the L-SVEC
standard qLi/’Li = 0.08282) and boron with°B/
1B = 0.05072. Following Chan [1] and Sahoo and
Masuda [6] it is convenient to simplify the probability
expression for each mass by dividing fiy,*'B°0..
The measured isotopic ratif]' of two massesi(and

j) of Li,BO; can then be expressed as

R’ = g(F)f(°Li/’Li, %B/*B, *80/*%0, 1'0/*0)

(1)
whereg describes the dependance of fractionation on
the fractionation factoF and the functiorf, the true
ratio of the two masses, is given by the ratio of sums
of the probabilities of the masses listed in Table 1.
The contributions of’O and*®0 to masses 54, 55, 56
and 57 are less than one part irf Bhd uncertainty in

F, as isotope ratios of LBO, have been measured, if
the fractionation functiong, is defined.

The fractionation of a species such as,BD,
depends on the ionisation mechanism. If the species is
evaporated as the whole molecule, then fractionation
of an isotopic ratioR; may be approximated by the
linear relationship (e.g., see Russell et al. [12])

(2)

whereAm; = m; — m; is the mass difference arfd

is the fractionation factor. Fig. 1 illustrates the appar-
ent variation of the isotopic ratifLi/‘Li calculated
from 54/57, 55/57, 56/57, 58/57 and 59/57 ratios with
the linear fractionation factor: [Eq. (2)], with no
correction for fractionation. The marked sensitivity of
the calculatedLi/ “Li ratios to fractionation should be
noted. The calculatec’Li/’Li ratio from 56/57
changes by 2.5% and that from 55/57 changes by
1.7%o for 1%o variation inF.

The nonlinear set of equations (1) are conveniently
solved by the Newton—Raphson method for some or
all of the unknowns$Li/"Li, *°B/*'B and*®0/*°0 and
the fractionation factorf, given measurements of a
selection of LyBO; isotopic ratios. To test the
sensitivity of the solutions to random errors, investi-
gate error propagation and establish the most favour-
able analytical protocols, synthetic data sets have
been created with random, normally distributed errors
calculated using Monte Carlo techniques. Errors cal-
culated as proportional to counting statistics are close
to those of the measurements presented below. The
results portrayed in Fig. 2 show, as expected, that as
the number of unknowns increases the error on the
estimatedLi/ "Li ratio increases. In particular solution
for all three ratios i/ "Li, *°B/*'B and*®0/*°0) and
fractionation yields standard errors 8/ ’L ratios of
~2.5%o for the analytical conditions detailed in Fig. 2.

g(F) = (1 + FAmy)
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Table 1
Combinations of Li, B and O isotopes which constitute masses ffQj*
Fraction of
Mass Probability? mass in Mass
number Species /Li,*B*0, L-SVEC fraction
54 8Li,1%B%0, X2y 1.00 0.000281
55 5Li7Li%B%0, 2XY 0.55
5Li,1981%0"0 2X2YR17 1.7*10°°
8Li,*B%0, X2 0.45
0.012327
56 Li, 910, Y 0.23
SLi7Lit'B0, 2X 0.77
5Li,11B%00 2X2R17 2.4*10°°
8Li,'%B70, X2YR172 2.3*10°%°
8Li7Li1oB1%00 4XYR17 2.9*10°°
5Li,1°B0%*0 2X2YZ 6.6*10 ©
0.174783
57 Li,*B*0, 1 1.00
5Li7LioB1e0" 0 4xXyz 3.4*10°°
5Li,11B1%0%*0 2X27 2.8*10°°
Li,*°B0Y0 2YR17 3.8*10°°
oLi B0, X2R17 9.7*10 1°
5Li, 1981700 2X2YZR17 5.3*10°%°
SLi7LitB1°00 4XR17 1.2*10*
5Li7Li1%B8"0, 2XYR17? 1.2*10°°
0.807969
58 Li,*B*0Y0 2R17 0.46
7Li,*°B0*0 2YZ 0.13
“Li,*°BY70, YR17? 4.4¥10°°
5Li7Li1%B"0" 0 4XYZR17 7.9*10°°
5Li7LitB1e0 0 4xz 0.41
8Li, B0 0 2X2ZR17 6.5%10°°
8Li7Li*B0, 2XR17 1.4*10°°
5Li,1°B%0, X2yz?2 8.9*10 7
0.001325
59 Li,*BY0, R17 3.5*10°°
Li,*B0*0 2z 1.00
Li, 198100 2YZR17 1.9*10°°
SLi7LitBY"0" 0 4XZR17 6.2*10°°
oLi7Li%B*0, 2XYZ2 8.6*10 ©
oLi,*B%0, X272 7.0¥10°°
0.003309
60 Li,1BY0%*0 2ZR17 0.63
Li, o810, YZz2 0.087
SLi7Lit'B0, 2Xz2 0.28
2.0*10°
61 Li, B0, z2 1.0 3.4*10°°
ax = °Li/"Li (0.08282), Y = °B/*'B (0.05072), Z= *®0/*°0 (0.002048) and R1% ’O/°0 (0.000377)
If three unknowns (FSLi/ 'Li and *°B/*!B) are calcu standard errors vary between 0.2%. and 0.35%o with
lated from five peaks or two unknowns (F afd/ ‘L) limited improvement from analysis of multiple peaks
from two or three peaks, the standard error°bid’L (Fig. 2B). However it should be noted that to repro-

decreases to-1%o. If fractionation is ignored and duce such results fractionation would need to be kept
only ®Li/"Li calculated as an unknown the estimated within a range of+0.1%o. It should be emphasised
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Fig. 3. Standard error in calculatéti/“Li ratio against'°B/*'B

Fig. 1. lllustration of variation irPLi/“Li isotopic ratios calculated ratio. Calculated as Fig. 2 except B isotope ratio varied and
from isotopic ratios of LiBO; subject to fractionation where the  intensity of largest mass (57 f&Y8/*'B < 0.84 and 56 if°B/*'B >
fractionation is not taken into account. Assumes a linear fraction- 0.84) assumed 13°A. Sets of 2, 3 and 5 ratios as in caption to Fig.
ation law as in equation. Note thékti/“Li ratio calculated from 2.
56/57 ratio changes by-2.5%. for F = 1%.. Li,BO; isotopic
ratios calculated assuminfLi/’Li = 0.08282,1°B/*'B = 0.247,

The error analysis in Fig. 2 was calculated with
180/1°0 = 0.002048 and’0O/*°0 = 0.000377.

samples spiked with B from standard reference mate-
rial (SRM) 951 with a'°B/*'B ratio of ~0.248. The
that these theoretical errors represent the minimum boron isotope ratio that minimises the error in the
attainable for the conditions and ignore a number of calculated®Li/’L ratio depends on which LBOZ
systematic errors, including errors on background counts mass ratios are used, but for most combinations
and potential uncertainty in oxygen and boron isotopic '°B/*!B ratios between 1 and 3 minimise the calcu
ratios where these are used in the calculations. lated errors (Fig. 3).

. 6. .7
) Solved for multiple unknowns o Solved for Li/ Li
c . .
error 401 No Ratios Unkr;owns . error Ratios used .
) .5 F,:Li/7Li,:ﬂoB/1‘]lB, o/ in 34 o 54/57,55/57,56/57, 58/57, 59/57
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Fig. 2. Standard errors on unknowns (fractionaiofiLi/ “Li, *°B/*'B and*®0/*°0) calculated from 50 sets of analyses of8®; mass ratios
calculated by Newton-Raphson solutions to equations plotted against error in 56/57 ratio. ErroyB®} ldn ratios calculated by Monte
Carlo method assuming errors on masses proportional to square root of number of cou@switunts on masses 54, 55, 56, 58 and 59
and 3 s onmass 57 and intensity of 57 beam of £8 A with SLi/"Li = 0.083,'°B/*'B = 0.248 and*®0/*°0 = 0.002044. Analysis of 50
cycles gives a standard error on the 56/57 ratio of 0.17%. and error propagation with these errors and with these errors multiplied by factor
of 2, 5 and 10 are shown are symbols on diagrams. Fractionation f&cterp.01 + 0.01 (1o) for solutions in Fig. 2A which solve for
fractionation and = 0 in Fig. 2B which solve only foPLi/"Li. In Fig. 2A 5 ratios include masses 54, 55, 56, 58 and 59 over 57, 3 ratios
54, 55 and 56 over to 57 and 2 ratios 55/57 and 56/57.
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Table 2
Analyses of LiBO,"

Li
Run No. '°B/ Load BILi sé se se se se
No ratios B ng molar 54/57 %o 55/57 %0 56/57 %o 58/57 %o 59/57 %0
1570 90 0.248 0.001698 0.87 0.047898 0.22 0.413747 0.14 0.002585 0.55 0.004320 0.53
1571 127 0.248 0.001692 0.69 0.047838 0.20 0.413324 0.10 0.002585 0.51 0.004321 0.44
1642 195 0.248 0.001692 0.53 0.047885 0.16 0.413665 0.09 0.002522 0.40 0.004203 0.37
1643 150 0.248 0.001698 0.66 0.047960 0.30 0.413851 0.18 0.002547 0.44 0.004252 0.45
1644 150 0.248 0.001701 0.50 0.048004 0.16 0.414231 0.10 0.002590 0.37 0.004329 0.35
1645 150 0.248 0.001676 0.52 0.047604 0.14 0.412755 0.08 0.002590 0.37 0.004340 0.32
1736 150 0.248 0.001694 1.33 0.047875 0.35 0.413253 0.17 0.002595 1.07 0.004349 0.85
1737 150 0.248 0.001688 1.43 0.047889 0.33 0.413263 0.19 0.002603 1.22 0.004346 0.94
Average 0.047869 249 0413511 1.10
3270 50 0.252 500 1 0.001695 3.42 0.047980 0.59 0.415824 0.29 0.002578 1.84 0.004251 1.96
3271 70  0.252 500 1 0.001721 1.20 0.048566 0.55 0.417747 0.23 0.002609 1.08 0.004300 1.00
3272 170 0.252 500 1 0.001728 0.78 0.048679 0.17 0.418078 0.08 0.002615 0.71 0.004321 0.47
3273 110 0.252 500 2 0.001720 0.93 0.048507 0.29 0.417615 0.13 0.002615 0.78 0.004322 0.68
3275 80  0.252 500 2 0.001732 0.99 0.048722 0.28 0.418208 0.11 0.002625 0.82 0.004345 0.74
3277 110 0.252 500 10 0.001730 0.82 0.048730 0.23 0.418240 0.09 0.002690 1.06 0.004417 0.78
3278 120 0.252 500 10 0.001728 1.18 0.048696 0.21 0.418003 0.10 0.002672 1.05 0.004406 0.68
3284 50 0.252 100 2 0.001682 1.68 0.048536 0.59 0.417435 0.24 0.003003 6.90 0.004771 4.85
3285 40 0.252 100 2 0.001691 2.89 0.048602 0.43 0.417596 0.15 0.003045 5.77 0.004850 4.02
3286 50 0.252 100 10 0.001691 2.01 0.048058 0.90 0.416080 0.33 0.002635 1.33 0.004300 1.36
3287 40 0.252 100 10 0.001717 1.60 0.048649 0.38 0.417906 0.19 0.002726 3.28 0.004419 2.07
Average 0.048520 534 0417521 1.96
3420 100 35 100 2 na 0.558369 0.81 3.580107 0.31 na na
3421 120 35 100 2 na 0.562273 0.99 3.583382 0.46 na na
3422 120 35 100 2 na 0.561541 0.61 3597626 0.43 na na
3423 170 35 100 2 na 0.568640 0.46 3.599383 0.21 na na
3424 100 35 100 2 na 0.565964 0.80 3.609151 0.30 na na
3425 170 35 100 2 na 0.566180 0.38 3.593375 0.22 na na
3452 130 35 100 2 na 0.562841 0.68 3.603078 0.29 na na
3453 110 35 100 2 na 0.566376  0.66 3.601542 0.28 na na
3454 120 35 100 2 na 0.566628 0.55 3.597480 0.28 na na
3457 200 35 100 1 na 0.536358 0.59 3.595866 0.29 na na
Average 0.561517 16.66 3.596099 2.43

2se = standard error, na& not analysed. Runs 1570 to 1737 comprised L-SVEC and SRM951 B standard but size of Li and B loads not

known. Runs 3270 to 3287 used L-SVEC and dilithium tetraborate and runs 3420 to 3457 used L-SVE® amiiched spike.

3. Analytical methods (runs 3270 to 3287). Dilute L-SVEC solution (1
ng/ul) was also mixed with af’B-enriched solution

A variety of samples and preparation methods were (6 ng/jul, **B/*°B = 3.531) prepared by dissolving
utilised. A mixed solution containing the SRM L-SVEC B and°B powders in very dilute nitric acid (runs
standard and SRM951 B standard was provided by Chan3420 to 3457). For some trials the Li and B solutions
(Louisiana State University, LA, USA). This solution were mixed during loading on the filament with the
contained~47 ng/g of B and~49 ng/g of Li and was  larger amount of B solution gradually loaded and
used for runs 1570 to 1737 (Tables 2 and 3). Subse- dried down before the final addition of the Li solution.
guently separate solutions of AA standard lithium hy- All samples were loaded onto the filament in ub
droxide monohydrate (LIOHH,O) or dilithium tetrabo- aliquots and dried initially at 1.0 A, increasing to 1.5
rate (LL,B,O,) and orthoboric acid (§BO;) were used A for 20 s. Once all the solution was loaded the
to make solutions containing 10 pdLi and 30 ngf.l B filament was raised to 1.8 A for a further 10 s.
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In the mass spectrometer, samples were warmed toto 10 ng) lasted shorter times and gave precision in the
1.0 A over a minimum of 20 min, then the current was range 3%. to 10%. on 56/57 mass ratio. The standard
increased gradually to the point where theBR®, deviation of repeat analyses (i.e., repeat sample loads)
was first detected and then slowly to running condi- is approximately 10 times that of the standard error
tions with the largest mass (57 or 56) set at an estimate on individual loads. This poor repeatability is
intensity of ~10"* A. Analyses were by peak attributed to variable fractionation.
switching using a Daly ion-counting system on a VG
Sector 54 thermal ionisation mass spectrometer.
Background counts were generally less thah cts/s
but on some samples backgrounds were significant
and exhibited a linear variation from8 cts/s at mass Fractionation during ionisation of a complex ion
54.5 to ~26 cts/s at mass 58.5. Correction for the Such as LiBO; may be controlled by a variety of
variable background was statistically significant for factors in addition to a simple mass dependant bias. If
the smaller peaks (54, 58 and 59). The linearity of the Li-BO; evaporates as the ion then the masses which

4.2. Fractionation

ion-counting system between currents of ¥0and
10 2 A is better than 1%. determined by analysis of
a range of standards of known isotopic composition
(Sr, Nd and Pb).

4. Results

4.1. Precision

control fractionation are those analysed. However, if
fractions of the molecule evaporate and subsequently
combine to form LjBO;, then the appropriate mass
ratio which controls fractionation will be different
from that analysed. If a significant number of Li or B
ions evaporate off the filament the remaining load
may become fractionated. The mass ratio controlling
fractionation may be inferred from the co-variation of
two variably fractionated isotopic ratios plotted nor-
malised to their unfractionated values (cf. [12]).

Means and standard errors on the mean of sets of Writing an equation for the pair of isotope ratidj (

Li,BO; analyses are listed in Table 2. Sample loads
for these results contained 100 to 500 ng Li and one
to ten times as much boron on a molecular basis.
Sample loads for runs 1570 to 1737 were also in this

andk/j) and eliminatingF gives

Amkj>
+ (1 i

Am,
RS = (RVRS) 9

R/ Am (3)

i

range, but the records of these samples and thewhereRy; is the isotope ratio of massésandj and

solutions were lost in a laboratory fire. All the
analyses were run with the largest peak set at an
intensity of 10'* A (mass 57 for SRM-951 and
samples with similar boron isotope ratios, and mass
56 for the synthetic boron standard witlB/*'B =
3.5). The result listed is that with the most precise
standard error allowing rejection of up to 10% of the
data. The precision on individual loads is mostly
within a factor of two of that estimated from the
counting statistics on the Monte Carlo simulations
discussed above. FdPB/*'B ~0.25 this is 0.17%o
and for'°B/*'B ~ 3.5~ 0.2%0 on 50 cycles on the

k is the measured isotope ratio of masseto |
which is affected by fractionation. The slope of
R/R; againstR{/R reflects the mass differences
controlling fractionation. Wher&° is not known, the
error in the estimated slope (that is the mass-differ-
ence ratioAm,;/Am;) from assuming an incorrect
value forR® is proportional to the error multiplied by
the difference in mass-difference between the two sets
of ratios and is insignificant in the examples discussed
below.

Fig. 4 illustrates fractionation trends for two anal-
yses (runs 3273 and 3275, Table 2) with the 55/57 and

56/57 mass ratio. Samples generally lasted 3—4 h but56/57 ratios normalised to their means in each anal-
start to fractionate significantly in the latter parts of ysis. The data follow the fractionation trend expected
the analysis as discussed below. Smaller samples (0.5f the ®Li/’Li ratio of the Li in the load varies rather
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1.015  Run 3273 , Run 3275 .
’ _ /
56/57* - 56/57* -
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b Fractionation trend " . g
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L 0.99 4 .
Fractionation trend 7 N
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Fig. 4. Examples of fractionation in runs 3273 and 3275. Results from each cycle plotted as ratio to mean. Note analyses early in run hav
relatively high values which change slowly at first but exhibit large fractionations towards end of run (see Fig. 5). Data lie along trend causec
by varying ®Li/"Li ratio rather than that expected for fractionation ofRO; or °B/*'B as shown.

than the predicted fraction trend of HO; with slope
of 0.5 or the trend predicted for variations’iB/*'B
on the filament. LiBO; emission from the filament is

fractionates slowly through most of the analysis but at
an accelerating rate in the last 1/6th of the analysis. Xiao
and Beary [4] observed that thg/ ’Li ratio of the Liion

accompanied by a relatively large Li ion beam as beam decreases with time consistent with preferential

noted by Xiao and Beary [4] and Moriguti and
Nakamura [5]. The systematic decrease in 55/57 and

evaporation/ionisation diLi from the filament.
The preferential loss diLi is the probable expla

56/57 ratios with time is consistent with preferential nation for the Var|ab|||ty 0f6|_|/7|_| ratios calculated

loss of°Li from the filament and a plot of 55/57 ratio

from multiple runs of various standards (Table 3).

against cycle number (Fig. 5) shows that the sample aithough individual analyses give internal precisions

0.049 #

| ]
n
55/57 'ﬂ"”"\%h’
[ ]
0.048 - Ry
-
-
0.047
1
0.046 - X
-
0.045 ,

0 50 100 150 200
Cycle number

Fig. 5. Variation of 55/57 ratio with time (cycle number) for Run
3275. Total run (180 cycles) took 301 min.

(1 X standard errors) between 0.1%. and 1%, means
of repeat analyses have standard deviations greater
than 2%. and generally-4%o. (Table 3). The results in
Table 3 show that little is gained by analysis of multiple
peaks. Including the fractionation correction reduces the
estimatec®Li/Li ratio and including the small masses
58 and 59 generally degrades the precision. The best sets
of analyses (based either on the 55/57 or 56/57 singly,
together, or on 55/57, 56/57 and 54/57 with or without
fractionation correction) give results with a standard
deviation (about the mean of the set of runs) of about
2%0 and the average of all the more precise sets
(0.08273) has a standard deviation of 3.7%o (Fig. 6).
Note that the results from runs 3270 to 3287 exhibit two
outliers (runs 3271 and 3286) which, when excluded,
improve the scatter of the remaining runs-t@%o.. The
consistency of analyses with enrich&/*'B is com



=] *Li'Li calculated only

e B Fractionation and “Li/"Li calculated

A Fractionation, ‘Li/Li and "°B/''B calculated

0.081 T T T T T T T T T T T T
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Analysis set

Fig. 6. Comparison ofLi/"Li ratios calculated assuming (1) no
fractionation and give®8/*'B (open square symbols), (2) caicu
lating fractionation and’Li/"Li for given °B/*'B (filled square
symbols) and (3) calculating fractionatiofi,i/’Li and °B/*'B

from three peaks (triangles). Sample set R1 gives means and
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5. Conclusions

8Li/’Li and 1°B/*'B may theoretically be analysed
to sub-per-mil precision by measurement of multiple
peaks of the ion LBO, by thermal ionisation and using
ion-counting detection. However the relatively largé Li
beam emitted simultaneously with the smalleJBO;
beam causes the Li remaining on the filament to frac-
tionate and precision of repeat analyses-df00 ng Li
loads is not better than-3%. at lo. Improvement in
analysis of Li isotopic compositions may be possible if
it proves possible to ionise a molecular complex with
two or more masses without an accompanying Li ion
beam or if direct correction of fractionation proves
possible in plasma-source mass-spectrometers.

standard errors from runs 1570 to 1737 (L-SVEC) and sample set Acknowledgements

R3 from runs 3270 and 3287 but omitting outliers in runs 3270 and
3286 (AA standard). Error bars are2ine is mean of all data and
dotted lines two standard deviations of data about line.

parable to that with normafB/*'B (Table 3). For runs
1570 to 1737 with SRM-951 boron, a value of 0.2477
(Sahoo and Masuda, 1995) was assumed fol’B&'B
ratio which differs by 3%. from the mean value recov-
ered (0.2485+ 1.6%o0, lo) calculating fractionation,
®Li/"Li and '9B/**B as unknowns. For runs 3270 and
3287 a laboratory reagent of unknown natural boron
isotopic composition was used. The calculations of
8Li/"Li, or fractionation and®Li/’Li only, from these
runs assumed &B/*'B ratio of 0.252 from the mean of
the calculation of °B/*'B using three LjBO; peaks.

The results of this study suggest that the best
estimates ofLi/’Li are no more precise than approx
imately +=3%o (10) but the range of values measured
for the®Li/ "Li ratio of L-SVEC (0.08265+ 4.1%o, 1o
for runs 1570 to 1737 and 0.082411 3.5%. for runs
3452 to 3425) is similar to the range of published
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of L-SVEC and SRM951 standards, the Cambridge
firemen who confined the fire to one chemical labo-
ratory, and the anonymous reviewer who pointed out
numerous inaccuracies. This research was funded by
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