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The precise determination of radioactive parent and of daughter element concentrations by isotope dilution requires 
the use of separated isotope tracers whose concentrations need to be determined relative to gravimetric solutions 
produced from high purity materials of known stoichiometry. This has been done, for example, for Sm-Nd[l] and 
nearly ld aliquots of the Sm-Nd mixed normal have been requested and distributed. For the Re-0s system, it is 
well known that the problem is made acute both by the absence of stoichiometric salts of 0 s  of high purity and by 
the extreme sluggishness with which 0 s  ions and complexes of different 0 s  oxidation states reach isotope 
equilibrium. Failure to reach isotope equilibrium between tracer and sample 0 s  is manifested either by drifting 
isotope ratios during an analysis and/or by nonreproducible results. Calibration of 0 s  tracers has been reported 
by the use of the ammonium hexachloroosmate salt [cf 21. This salt is not stoichiometric, as can be readily seen 
from the certified concentrations for the high purity salt, issued by Johnson and Matthey, which vary by several 
percent for different batches of the salt and are different than the concentration for the stoichiometric composition. 
Work in this laboratory has also established that heating aliquots of this salt to a fixed temperature, e.g. 423 K, as 
recommended [2,3], does not resolve the stoichiometry problem and does not yield consistent results. Problems 
may also exist for Re; for example, shifts in the Re concentrations by 6% have been reported [4]. We have 
established that small chunks of 0 s  metal are readily soluble in a heated, sealed glass ampoule, in the presence of 
H2S04 and Cr03. The dissolution procedure for 0 s  is identical to the procedures used for the processing of FeNi 
meteorite samples. This has allowed the dissolution of an 0 s  tracer, composed of sintered metal as well as of pieces 
of high purity 0 s  metal. For better control of the Re/Os ratio determination, the 0 s  and Re tracers were prepared 
separately and then aliquots were combined to yield a mixed tracer. Aliquots of solutions of 0 s  and Re normals 
of known concentrations were used for the calibration of the mixed tracer. 

0s tracer and nonnal 0s metal dissolution: Re and 0 s  metals were weighed using a micro-balance with better 
than 1 A accuracy. The 0 s  metal was placed in H2S04 in a pyrex ampoule with a thin neck; the acid (and metal) 
was frozen by immersing the ampoule in a mixture of dry ice and ethanol (-72 OC); a Cr03 solution was added and 
the neck of the ampoule was sealed by melting the glass while the contents of the ampoule remained frozen. Mixing 
of the Cr03 and the H2S04 was observed to occur after the H2S04 thawed. After heating in an oven overnight, 
the 0 s  was completely dissolved and converted to Os04. The ampoule was again frozen, the thin neck was scored, 
and then broken and the ampoule and the frozen contents were immersed in SO2-saturated HCl. [Note: for better 
mixing at this stage, ampoules with two rotruding necks were used.] 0s'' is expected to be reduced before cr6+; 
the Cr was seen to be reduced from CrA to ~ 2 '  (from red to blue-green). Re was dissolved in HN03 and kept 
in an HC1 solution. Calibrations: For calibration of the Re and 0 s  mixed tracer, aliquots of the normal Re and 
0 s  solutions were added to an aliquot of the mixed tracer in an ampoule kept in a dry ice-ethanol mixture. Sulfuric 
acid and Cr03 were added and the ampoule was sealed and then heated in an oven, as above, in order to oxidize 
the 0 s  to Os04 and to permit tracer and normal 0 s  isotope equilibrium. The ampoule was removed from the oven, 
the contents were frozen, the ampoule neck broken, and then chloroform was added in the ampoule for liquidfliquid 
extraction of the OsO,. The Os04 was then back extracted in HC1. The Cr03 retained with the Re solution was 
reduced with SO2. 0 s  and Re were then purified by ion exchange and measured by NTIMS. For 0 s  normal we 
used two different metal spheres (about 6 mm in diameter) produced by ESPI with a claimed purity of 0.9995. For 
Re, we used zone-refined Re ribbon filament obtained from H. Cross and a high purity Re foil (0.9995) obtained 
from ESPI. We analyzed pieces of the Re and 0 s  by electron microprobe and established the level of contaminants, 
including PGE. For the 0 s  metal I, the contaminants, above detection limits, amounted to about 4%, including, 
in ppm, Ru 1550, Rh 300, Re 230, Ir 740, Pt 950. 0 s  metal I1 was of higher purity with contaminants of less than 
2%, including, in ppm, Pt 840, Ir 610, Re 750. For Re, the contaminants were less than 1 Y i .  However, we feel 
that we require more reliable measurements of possible contaminants for both Re and 0 s  high purity metals, 
including for the light elements (e.g. 0 ,  C) which have not yet been measured. We note that Re and 0 s  cross- 
contamination is not significant. The results for 0 s  and Re are shown in Table 1. Results for 0 s  metals I and II 
are grouped separately. Different dissolutions of 0 s  metal pieces are indicated by capital letters (B-I); different 
calibration mixtures of the 0s-Re tracer and of normal 0 s  and Re are indicated by "Mix". The entries 1900s and 
l S 5 ~ e  are the concentrations in the mixed tracer as determined by the use of different 0 s  and Re gravimetric normal 
solutions. The deviations 6 (in pennil) are calculated relative to the grand averages for 0 s  and for Re, respectively. 
Using the ESPI Metal I there is a range in the calculated concentration of the tracer from 3.9% to 1 3 % ~  , if we 
exclude the outlier from Normal C, Mix-1 at -6.3 Ym. For 0 s  Metal I1 we obtain a range from -3.3 YW to -14 .17~ .  
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We note that the average results for the two 0 s  metal samples are offset by 1.6%, from 7.8 7i for Metal I to -8.2% 
for Metal 11, where repeat mass spectrometric results are considered as a single determination. These results 
indicate our intrinsic reproducibility using these techniques to determine the 0 s  tracer concentration to f 5%; 
however, there is still the need to resolve the distinct results for the two different 0 s  metal samples and to ascertain 
the level of impurities ( 0 ,  C) by better metallurgy and by further chemical analyses. These results constitute a clear 
improvement over previous efforts and point to the need for further work. For Re the results show a range of 
f 2.4 %, which is reasonable for a two isotope system. We consider that the Re determination is of good accuracy. 

We have used the mixed 0s-Re tracer to check our previously reported results [5] on IIA iron meteorites which 
appeared to yield a well-defined isochron [cf 5,6]. Sawed pieces of the meteorites were fust leached in aqua regia 
to remove surface contamination. Following the experience with Pd-Ag, the samples were leached extensively, with 
an attendant sample weight loss of up to 50%. The leached FeNi chips were then processed, following the 
procedures discussed briefly above for the dissolution of 0 s  and for the tracer calibrations. Analyses of Negnllos 
and of Tocopilla are shown in Table 2. The analyses of Tocopilla show a range in 18'~e/1880s of 2.3%, which 
is much larger than the experimental reproducibility seen for tracer calibrations. The range in 1870s/1880s is 
1.3 7i, When these Tocopilla data are combined with the Negrillos data we calculate slopes on the Re-0s evolution 
diagram of 0.0745 and 0.0776; these are different by 4.2%. We conclude that a) the Re-0s systematics are open 
on the scale sampled; b) the smaller samples of the iron meteorites used here, as compared to the work of Horan 
et a1. [5] who obtained an isochron for IIA irons, are not representative of the whole meteorite; c) our leaching 
procedure results in differential loss of Re and 0 s  prior to the closed system dissolution of the leached samples; or 
d) there is an erratic problem with Re-frlament blanks. These issues will require further investigation. 
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Table 1. Calibration of the &-Re Double Tracer 

osmium 
' 9 0 ~ s  p"s)  lesRe 6(lS5Re) 
6-49 96. ( d g )  96. 

ESPI, Metal 1 H. Cross 0.1473 -1.6 
ESPI foil 

Mix-l 0.1474 4 . 9  
0.1479 2.4 
0.1477 1.1 
0.1472 -2.3 
0.1476 0.4 

MU-2 0.1477 1.1 
Concenuarions in nanomols/g; 
deviations in permil. 'Repeat mass 
specuometric analyses listed in 
sequence. 

XXIV, 339. [6]Horan, M.F., Morgan, J.W., 2.67s 13.0 

Walker, R.J. and Grossman, J:N. (1992) yzz: 2,m -13.3 

Science 255, 1118. 2.604 -14.1 
0 s  nonnai I 

Mix-1 2.622 -7.1 
2.621 -7.5 

Mix-2 2.606 -13.3 
05 normal G 2.619 -8.2 
0 s  normal F 

Mix-1 2.632 -3.3 
MU-2 2.631 -3.6 

Table 2. 
Sample Weight 05 @pm) Re @pm) ' m ~ e / l % s  lm&/I%s 

"'g 
Negrlllos 1 ld 70.5 5.20 0.3565 0.12333k4 

~ . 2 3 ~  0.3580 
Tocopilla 

-A 87 1.154 0.2323 0.973 0.16909*5 
1.1Mc 0.973 0.16928*8 

Weight losses due to leaching metal chip with aqua regia: Negrillos 24%; 
Tocopilla -A 17%. -B 44%. b~epeat Re run. %peat Os run. 
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