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ISOTOPIC COMPOSITIONS OF THE ELEMENTS 1983

Abstract - The Commission's biennial review of isotopic compositions
as determined by mass spectrometry and other relevant methods has been
undertaken by the Subcommittee for the Assessment of Isotopic
Composition (SAIC). The Subcommittee's critical evaluation of the
published literature element by element forms the basis of the Table
of Isotopic Compositions as Determined by Mass Spectrometry, 1983,
which is presented in this Report. Atomic Weights calculated from the
tabulated isotopic abundances are consistent with Ar(E) values listed
in the Table of Standard Atomic Weights 1983.

INTRODUCTION

Ten years have elapsed since the Commission on Atomic Weights at its meeting in Munich
undertook to assemble, evaluate, and disseminate data on the isotopic compositions of the
elements determined by mass spectrometry. The Commission at that time established the IUPAC
Mass Spectrometric Evaluation Group (IMSEG) which produced the first interim version of the
“Table of Isotopic Compositions of the Elements as Determined by Mass Spectrometry” which
was published with minor amendments by the Commission in its Report "Atomic Weights of the
Elements 1975" (Ref. 1). Although the information for elements with three or more stable
isotopes was more detailed than that formerly provided by a single atomic weight value, it
was recognized that the atomic weight calculated from the best mass spectrometrically
determined isotopic composition for a given element, might not necessarily agree precisely
with the best atomic weight value derived from all significant published measurements by all
methods. Accordingly, at the 1975 meeting of the Commission in Madrid, IMSEG was
reconstituted as the Subcommittee for the Assessment of Isotopic Composition (SAIC) with the
widened task of deriving isotopic compositions not only from mass spectrometry but also from
all relevant methods. The objective in the longer term was to develop a table of critically
evaluated isotopic compositions which when converted to atomic weights would be completely
self-consistent with the best values published in the IUPAC Table of Standard Atomic
Weights. At the 1977 and 1979 meetings of the Commission in Warsaw and Davos, respectively,
the SAIC continued to report refined interim tabulations of the range of published mass-
spectrometrically determined isotopic abundances for each of the naturally occurring
elements, together with the result of what was considered to be the best available mass-
spectrometric measurement for a single natural source of each element, and a representative
value for the isotopic composition for average elemental properties. The "Table of Isotopic
Compositions of the Elements as Determined by Mass Spectrometry” (Refs. 2 and 3) listed
isotopic compositions which when converted into atomic weights yielded improved but not
always fully consistent __A_r(E) values with those given in the Table of Standard Atomic
Weights. Discrepancies were particularly marked in the cases of zinc, germanium and
selenium where the interim values fell outside the limit of uncertainty on the standard
atomic weight, A .(E).
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The SAIC continued to review the literature exhaustively and evaluate the published data on
atomic weights and isotopic compositions on an element by element basis and, at its meeting
at Leuven in 1981, the Commission departed from its past practice by publishing its report
on isotopic compositions of the elements (Ref. 4) separately from that on atomic weights of
the elements (Ref. 5). The Commission at Leuven directed the SAIC to complete its
exhaustive element by element review of all changes to atomic weight values which have been
made since 1961, including all measurements for deriving isotopic compositions. This
challenging objective has now been achieved and the Commission, at its meeting at Lyngby in
1983, received and endorsed for publication the draft of a report by the SAIC entitled,
"Element by Element Review of Their Atomic Weights”. The appearance of this Review will be
timely, for more than twenty years have elapsed since the previous review was preparé& by
Cameron and Wichers (Ref. 6). In the intervening decades, .there have been many new
measurements made especially by mass spectrometry, new nuclidic mass data have become
available, more attention has been given to abnormal geological occurrences leading to
anomalies in atomic weights, and there has been a growing awareness of problems arising from
inadvertent or undisclosed modifications of isotopic composition - all of which have an
impact on the precision of the tabulated standard atomic weights. In the future, the
Commission plans to disseminate standard atomic weights applicable to all normal materials
with the greatest possible precision consistent with an uncertainty of between +1 and 9 in
the last tabulated figure. The Element by Element Review will provide the essential
background information on which the Commission will base their estimation of uncertainties
in future Reports. The task set in 1973 for the Subcommittee for the Assessment of Isotopic
Composition has now been completed and the Commission at Lyngby, dissolved the SAIC. The
objective of publishing a Table of Isotopic Compositions which is entirely consistent with
the Table of Standard Atomic Weights has been achieved in the present two Reports of the
Commission. This in no way obviates the need for new and more precise determinations of
atomic weight for a number of elements where the uncertainty intervals of atomic weights
calculated from isotopic abundances compared with those of_ér(E) values just meet or barely

overlap as in the cases of zinc, germanium and selenium.

TABLE OF ISOTOPIC COMPOSITIONS AS DETERMINED BY MASS SPECTROMETRY
The Subcommittee for the Assessment of Isotopic Composition has examined all of the
available literature published through August 1983. A critical evaluation of these data has
resulted in the table given below of recommended isotopic abundances of the elements. The
values listed are for normal terrestial materials only, materials of meteoritic or other
extra—-terrestial origin being excluded. These values of isotopic abundances when converted
to atomic weights are consistent with the 1983 Table of Standard Atomic Weights published in
Part 1 of the Commission's Report. Following the SAIC's element by element reviews in 1982
and 1983 of atemic weights and isotopic compositions of the elements, a better but not
perfect correspondence between atomic weights calculated from the Table and the TIUPAC
Standard values ﬁ:(E) has now been achieved for zinc, germanium and selenium (see the 1979

and 1981 Reports).

The membership of the SAIC during the past two years has been P. De Bildvre (Chairman), I.L.
Barnes (Secretary), R. Hagemann, N.E. Holden, J. De Laeter, T.J. Murphy, H.S. Peiser, and
H.G. Thode, with additional assistance from E. Roth and M. Shima.
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TABLE OF ISOTOPIC COMPOSITIONS AS DETERMINED BY MASS SPECTROMETRY

Introduction

The Subcommittee for the Assessment of Isotopic Composition (SAIC) has examined all of
the literature available to it through August 1983. The Subcommittee has evaluated these
data to produce a table of recommended isotopic abundances for the elements. The table is
intended to include values for normal terrestrial samples only and does not include values
published for meteoritic or other extra-terrestrial materials.

Description of the contents of each of the Columns

Column 1l: The atomic numbers of the elements are given in ascending order.

Column 2: The names of the elements are listed using the abbreviations recommended by
IUPAC.

Column 3: The mass number for each isotope is listed.
Column 4: Evaluated limits of Published Values

Given are the highest and lowest abundances published for each isotope from
measurements which have been evaluated and accepted by the Subcommittee. The
limits given include known natural variations and published data which may
exceed those variations. No data are given in this Column when the absence of
a range has been reliably established. The limits given do not include
certain exceptional samples, these are noted with a G in Columm 5.

Column 5: Annotations
The letters appended in this Column have the following significance:

R Range in isotopic composition in normal terrestrial material is responsible
for part, or all, of the difference between limits of reported values.

G Geologically exceptional specimens are known in which the element has an
isotopic composition outside the limits of reported values.

0 One measurement only provides the available data.

M Modified isotopic compositions may be found in commercial material that
will fall outside the limits listed, because the material has, either
deliberately or inadvertently (see notes), been subjected to isotopic
separation.



Column 6:

Column 7:

Column 8:

Column 9:

Warning
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In this column are given the data from the best measurement of a sample from

a single terrestrial source. The values are reproduced from the original
literature. The uncertainties on the last digits are given in parenthesis as
reported in the original publication. As they are not reported in any uniform
manner in the literature SAIC indicates this as follows: 1, 2, 30 indicates
1, 2, or 3 standard deviations, P indicates some other error as defined by the
author, and SE (standard deviation of the mean) indicates standard error.
Where no errors are listed, none were given by the author. "C" is appended
when the measurement has been calibrated and is thus believed to be "absolute"
within the errors stated in the original publication.

The user is cautioned that: a) Since the data are reproduced from the litera-
ture, the sum of the isotopic abundances may not equal to 100 percent.

b) When a range of compositions has been established, the samples used for the
best measurement may come from any part of the range. c¢) A "Best Measurement"
is not necessarily a good one in SAIC's opinion.

The reference to the literature containing the best measurement is given.
The complete citation is given in Appendix A.

Reference materials or samples which are known to be available and which
relate to the best measurement are listed. Where one or more materials are
available which represent the best measurement, these are marked with an
asterisk. Additional information is contained in Appendix B.

In this Column are listed the values for the isotopic composition of the
elements which, in the opinion of SAIC, will include the chemicals and/or
materials most commonly encountered in the laboratory. They may not,
therefore, correspond to the most abundant natural material. For example, in
the case of hydrogen, the deuterium abundance quoted corresponds to that in
fresh water in temperate climates rather than to ocean water. The uncer-—
tainties listed in parenthesis cover the range of probable variations of the
materials as well as experimental errors. Uncertainties quoted are from one
to nine in the last digit except for a few cases where rounded values would
be outside of the observed range. In those cases uncertainties greater than
nine have been used.

1) Representative isotopic composition should be used to evaluate average
properties of material of unspecified natural terrestrial origin, though
no actual sample having the most exact composition listed may be available.

2) When precise work is undertaken, such as assessment of individual
properties, samples with more precisely known isotopic abundances (such
as those listed in Column 8) should be obtained or suitable measurements
should be made.
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Appendix B

Sources of Reference Materials

I.A.E.A.

Samples such as V-SMOW, SLAP, and GISP may be obtained from:

International Atomic Energy Agency
Section of Isotope Hydrology

P. 0. Box 100

1400 Vienna, Austria

NBS-SRM's

NBS Standard Reference Materials may be purchased through:

Office of Standard Reference Materials
National Bureau of Standards

B311 Chemistry Building

Washington, D. C. 20234 (U.S.A.)

CBNM-GEEL

Reference Materials may be obtained through:

Dr. Paul De Bievre

Central Bureau for Nuclear Measurements
Commission of the European Communities
B-2440 Geel, (Belgium)

NBS-RS (Reference Samples)

Samples may be obtained through:

Dr. I. Lynus Barnes

National Bureau of Standards

A23 Physics Building

Washington, D. C. 20234 (U.S.A.)

NOTE: Samples of N and Li previously available from
Professor H. J. Svec have been sent to NBS for distribution.

C.E.A.

Standards may be obtained through:

Dr. J. Cesario .
Centre d'Etudes Nucleaires de Saclay
B.P. n°2 - 91190 Gif-sur-Yvette (France)





