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Atomic weights of the elements 1987 

Abstract - The biennial review of atomic welght &(E) determinations 
and other cognate data has resulted in only one change from the 1985 
values; namely, &(E) for gallium is changed from 69.723 5 0.004 t o  
69.723 5 0.001. Attentlon is drawn t o  new isotopic abundance 
determinations of boron which indicate a real varlation In commercial 
sources which at this time can be accomnodated within the existing 
uncertainty of the standard atomic weight. The Table of Isotopic 
Compositions of the Elements will not be published as part of thls 
biennial report but a revised table is in course of preparation. 
Current data on isotopic compositions of non-terrestrial materials are 
included together with a descriptlon of continuing work on natural 
isotopic fractionation which occurs for some elements. A review of 
the Tables of Atomic Weights both t o  Four and Five Signiflcant figures 
is being undertaken. 

I NTRO D U CTI 0 N 

The Comnission on Atomic Weights and Isotopic Abundances met under the chairmanship of 
Professor R L Martin from 22nd-25th August 1987, during the XXXIV IUPAC General Assembly 
in Boston, Massachusetts, United States of America. It was decided not to publish a 1987 
Table of Isotopic Compositions of the Elements as Determined by Mass Spectrometry. Thus 
only the Report on the Atomic Weights of the Elements 1987 is presented here. 

The Commission has monitored the literature over the past two years and evaluated the 
published data on atomic weights and isotopic compositlons on an element-by-element 
basis. The atomic weight of an element can be determined from a knowledge of the 
isotoplc abundances and corresponding atomic masses of the nuclides of that element. The 
latest compilation of the atomic masses was published in 1985 (Ref.1) which resulted in a 
number of small changes in the atomic welghts that were reported in the 1985 Table 
(Ref .2). 

The Commission now utilises the full range of uncertainties between 5 1 and 2 9 and 
following the acceptance of a set o f  Technlcal Guldeltnes at the Lyon meetlng, a number 
of small but significant changes t o  the atomic weights was made (Ref.2). The Technical 
Guidelines have now been incorporated in a brochure which sets out the procedures and 
practices followed by the Commission. However it is emphasised that the collective 
judgement and experience of the Comnlsslon members is its most valuable asset which must 
be applied in each case. 

COMMENTS O N  SOME ATOMIC WEIGHTS 

Boron - The Comnission has been aware that boron from sea water is enriched by 
approximately 4% In the heavier isotope when compared with the terrestrial reference 
material NBS 951, but because sea water boron is unlikely t o  become a source of 
commercial boron, no change in the standard &(a) or Its uncertainty lJr(B) was made. 
However the annotation "g" was added in 1985 (Ref.2) t o  Indicate the presence of known 
sources of boron whose atomic weight is anomalous. 

Recent preclse measurements of the isotopic composition of boron (Refs.3-6) have 
confirmed that the l1B/l0B ratio in marine and non-marine evaporites may be up to 3% 
higher or lower compared with the terrestrial reference material NBS 951 because of 
fractionation. It is quite llkely that evaporlte materials will become part o f  the 

of boron for commercial and industrial purposes. The 5 3% varlation in the 
TPi;fgB ratio lies within the present uncertainty of 5 0.005 in the atomic weight of 
boron so that no change in the atomic weight or Its uncertainty I s  required at this 
time. However the Commission wishes to draw attention to the emerging situation with 
respect t o  boron and will continue to monitor future isotopic measurements of this 
element. 

Oxygen - The Commission noted that the l80/l6O ratios obtained from calibrated 
measurements of oxygen in air and in water are Inconsistent. This fact casts doubt on 
all 17O/16O ratio measurements which are related to l80/l6O in air. It is 
strongly recomn ded that measurements of oxygen in air be repeated and that a calibrated 
measurement o f  ysO/160 I n  Vienna-Standard Mean Ocean Water (V-SHOW) be performed. 
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G a l l i u m  - I n  1983 t h e  Commission reviewed t h e  pub l i shed  da ta  f o r  g a l l i u m  (Ref.7) and 
dec ided t o  recommend an a tomic  we igh t  o f  Ar(Ga) = 69.723(4),  based on t h e  c a l i b r a t e d  
mass spec t romet r i c  d e t e r m i n a t i o n  o f  De Lae te r  and Rosman (Ref .8 ) .  wh ich  was i n  good 
agreement w i t h  p rev ious  chemica l  and mass spec t romet r i c  measurements. The Commission 
d i scoun ted  a cou lomet r i c  assay o f  g a l l i u m  (Ref .9 ) ,  wh ich  was n o t  i n  agreement w i t h  
p r e v i o u s  a tomic  we igh t  de te rm ina t ions .  

I n  1985 t h e  Commission l e f t  t h e  va lue  and u n c e r t a i n t y  o f  Ar(Ga) unchanged (Ref.2) 
pend ing  t h e  outcome o f  a new c a l i b r a t e d  mass spec t romet r i c  measurement then  i n  p rogress .  
The Commission has now reviewed t h e  c a l i b r a t e d  mass spec t romet r i c  da ta  o f  Machlan e t  
a l . ( R e f . l O )  who r e p o r t e d  Ar(Ga) = 69.72307(13). Th i s  va lue  i s  i n  e x c e l l e n t  agreement 
w i t h  t h e  p rev ious  mass spec t romet r i c  measurement o f  De Lae te r  and Rosman (Ref.8).  
c o n f i r m i n g  t h e  e x i s t i n g  recommended va lue  and a l l o w i n g  t h e  u n c e r t a i n t y  i n  Ar(Ga) t o  be 
decreased. The l i m i t i n g  f a c t o r  i n  t h e  u n c e r t a i n t y  was based on t h e  work o f  Graml ich and 
Machlan Ref.11) which showed s i g n i f i c a n t  i s o t o p i c  v a r i a t i o n s  I n  commercial h l g h - p u r i t y  
g a l l i u m  f rom d i f f e r e n t  l o t s  o f  m a t e r i a l  and d i f f e r e n t  manufac turers .  However no i s o t o p i c  
v a r i a t i o n s  f rom n a t u r a l  sources have been observed. Based on t h i s  i n f o r m a t i o n  t h e  
Commission has recommended Ar(Ga) = 69.723(1).  

Mononuc l i d i c  Elements - An element i s  Considered by t h e  Commission t o  be mononuc l id ic  i f  
I t  has one and o n l y  one n u c l i d e  t h a t  i s  e i t h e r  s t a b l e  o r  has a h a l f - l i f e  g r e a t e r  than 3 x 
10IOa. The upper l i m i t  o f  t h i s  h a l f - l i f e  bound i s  s e t  by elements w i t h  two n u c l i d e s  I n  
n a t u r a l  t e r r e s t r i a l  sources one o f  which i s  r a d i o a c t i v e  w i t h  a h a l f - l i f e  l ong  enou 
have s u r v i v e d  s i n c e  t h e  e a r t h  was formed, n o t a b l y  ;:"Lu (3 .6  x 10 a) ,  
$:'Re (4 .1  x 1O1Oa). and ::Rb (4 .9  x loJo,). A t  t h e  o t h e r  
extreme t h e r e  a r e  elements w i t h  one s t a b l e  n u c l i d e  and a second r a d i o a c t i v e  n u c l i d e  w i t h  
a h a l f - l i f e  t o o  s h o r t  t o  have s u r v i v e d  I n  measurable q u a n t i t i e s  s ince  t h e  e a r t h  formed. 
I t s  t e r r e s t r i a l  occur rence is t h e r e f o r e  l i m l t e d  t o  rad iogen ic ,  cosmic ray,  o r  s y n t h e t i c  
n u c l e a r  processes. These r e l e v a n t  n u c l i d e s  n o t a b l y  i n c l u d e  ::Nb (3.7 x lo7,) 
and ;:'I (1 .6  x lo7,). 
From these  two c o n s i d e r a t i o n s  a lone  t h e r e  remains a range i n  h a l f - l i f e  o f  t h r e e  orders  o f  
magnitude as demarca t ion  between t h e  two k i n d s  o f  r a d i o a c t i v e  n u c l i d e s .  However, t h e r e  
a r e  two more c o n s i d e r a t i o n s  t h a t  r e s t r i c t  t h e  cho ice .  I f  t h e  demarcat lon were p laced 
between 7.0 x 108a ( t h e  h a l f - l i f e  o f  ' i z l l ) ,  and 4 .5  x 109a ( t h e  h a l f - l i f e  
o f  ,':"U). u ran ium would become a mononuc l id ic  element.  The a r b i t r a r y  boundary 
shou ld  t h e r e f o r e  be o u t s i d e  t h e  range between these  two uran'ium h a l f - l i v e s .  

The f i n a l  cho ice  o f  c r i t e r i o n  concerns t h e  q u e s t i o n  o f  whether any r a d i o a c t i v e  element 
shou ld  be cons idered mononuc l i d i c .  The o n l y  such element which has (on  occas ions)  i n  t h e  
pas t  and would thus  i n  f u t u r e  be so des ign  ed by t h e  Commission i s  t h o r i u m  i f  t h e  
demarca t ion  were s e t  below 1.4 x 10 a, t h e  h a l f - l i f e  o f  :izTh. Th is  
d e s i g n a t i o n  would be u n d e s i r a b l e  because o f  i t s  v a r y i n g  con tamina t ion  w i t h  s i g n i f i c a n t  
amounts o f  t h e  rad iogen ic  n u c l i d e  '::Th. 

There fo re  by s e t t i n g  a demarca t lon  i n  h a l f - l l f e  o f  3 x 1010a, t h e  Commission cons iders  
o n l y  t h e  f o l l o w i n g  twenty  elements t o  be mononuc l id ic :  

Be, F. Na, A l ,  P. Sc, Mn, Co, A s ,  Y, Nb, Rh, I, C s ,  P r ,  Tb, Ho, Tm, Au, and 61. 

Us ing  t h i s  c r i t e r i o n ,  p r o t a c t i n i u m  I s  excluded. 

99 to 

THE TABLE OF STANDARD ATOMIC WEIGHTS 1987 

F o l l o w i n g  p a s t  p r a c t i c e  t h e  1987 Table o f  Standard Atomic Weights I s  presented  bo th  i n  
a l p h a b e t i c a l  o r d e r  by E n g l i s h  names o f  t h e  elements ( T a b l e  1 )  and I n  t h e  o rde r  o f  atomic 
number ( T a b l e  2).  

The names and symbols f o r  t hose  elements w i t h  a tomic  numbers 104 t o  107 r e f e r r e d  t o  i n  
t h e  f o l l o w i n g  t a b l e s  a r e  sys temat i c  and based on t h e  a tomic  numbers o f  t h e  elements as 
recommended by t h e  I U P A C  Commission o f  t h e  Nomenclature o f  I n o r g a n i c  Chemistry (Ref .12) .  
The names a r e  composed of  t h e  f o l l o w i n g  r o o t s  r e p r e s e n t i n g  d i g i t s  o f  t h e  a tomic  number: 

1 un, 2 b i ,  3 t r i ,  4 quad, 5 pent ,  
6 hex. 7 sep t ,  8 o c t ,  9 enn, 10 n i l .  

The end ing  " ium" i s  t h e n  added t o  these t h r e e  r o o t s .  The t h r e e - l e t t e r  symbols a r e  
d e r i v e d  f rom t h e  f i r s t  l e t t e r s  o f  t h e  cor respond ing  r o o t s .  

The Commission aga in  wishes t o  emphasise t h e  need f o r  new p r e c i s e  i s o t o p i c  compos i t ion  
measurements i n  o rde r  t o  improve t h e  accuracy  o f  t h e  a tomic  we igh t  o f  a number of 
e lements wh ich  a r e  s t i l l  n o t  known t o  t h e  d e s i r e d  l e v e l  o f  accuracy.  
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TABLE 1. Standard Atomic Weights 1987 

(Sca led  t o  &(12C) = 12) 

The a tomic  we igh ts  o f  many elements a r e  n o t  i n v a r i a n t  b u t  depend on t h e  o r i g i n  
and t rea tmen t  o f  t h e  m a t e r i a l .  The foo tno tes  t o  t h i s  Table e labo ra te  t h e  types  
o f  v a r i a t i o n  t o  be expected f o r  i n d i v i d u a l  e lements.  The values o f  &(E) and 
u n c e r t a i n t y  l&(E) g i v e n  here  a p p l y  t o  elements as they  e x i s t  n a t u r a l l y  on 
e a r t h .  

Alphabetical order in English 

Name Symbol Number Wei q h t  Footnotes 
Atomic Atomic 

Ac t  i n i  um* 
Aluminium 
Americium* 
Antimony ( S t i b i u m )  
Argon 
Arsen ic  
A s t a t  i ne* 
Bar ium 
Berke l ium*  
B e r y l  1 i urn 
81 smuth 
Boron 
Bromi ne 
Cadmi um 
Caes i um 
Calc ium 
C a l i f o r n i u m *  
Carbon 
Cerium 
C h l o r i n e  
Chromi um 
Coba l t  
Copper 
Curium* 
Dysprosium 
E ins te in ium*  
Erbium 
Europium 
Fermi um* 
F l u o r i n e  
F r a n c i  um* 
Gado l in ium 
Gal 1 i um 
Ge rmani um 
Gold 
Hafnium 
He1 i um 
Holmium 
Hydrogen 
Ind ium 
I o d i n e  
I r i d i u m  
I r o n  
K ryp ton  
Lanthanum 
Lawrencium* 
Lead 
L i t h i u m  
L u t e t i u m  
Magnesi um 
Manganese 
Mendelevium* 
Mercury 
Molybdenum 
Neodymi um 
Neon 
Neptunium* 

Ac 89 
A 1  13 
Am 95 
Sb 51 
A r  18 
A s  33 
A t  85 
Ba 56 
Bk 97 
Be 4 
81 83 
B 5 
Br  35 
Cd 48 
c s  55 
Ca 20 
C f  98 
C 6 
Ce 58 
c1 17 
C r  24 
co 27 
cu  29 
Cm 96 
OY 66 
E s  99 
E r  68 
Eu 63 
Fm 100 
F 9 
F r  87 
Gd 64 
Ga 31 
Ge 32 
Au 79 
H f  72 
He 2 
Ho 67 
H 1 
I n  49 
I 53 
I r  7 7  
Fe 26 
K r  36 
La 57 
L r  103 
Pb 82 
L i  3 
Lu 71 
Mg 12 
Mn 25 
Md 101 
Hg 80 
Mo 42 
Nd 60 
Ne 10 
NP 93 

26.981539(5) 

121.75(3) 
39.948( 1 ) 
74.92159(2) 

137.327(7) 

9.01 2182( 3 )  
208.98037(3) 

10.81 1 ( 5 )  
79.904(1) 

112.41 1 ( 8 )  
132.90543( 5)  

40.078( 4) 

12.01 1 ( 1  ) 
140.11 5 (  4) 

35.4527(9) 
51.9961 ( 6 )  
58.93320(1) 
63.546( 3) 

162.50( 3 )  

167.26( 3 )  
151.965( 9) 

18.9984032( 9) 

157.25( 3 )  
69.723( 1 )  
72.61 ( 2) 

196.96654(3) 
178.49( 2) 

4.002602(2) 
164.93032( 3 )  

1.00794( 7) 
11 4.82( 1) 
126.90447( 3) 
192.22( 3) 

55.847( 3) 
83.80( 1 ) 

138.9055(2) 

207.2( 1 )  
6.941 ( 2 )  

174.967(1) 
24.3050( 6) 
54.93805(1) 

200.59( 3) 
95.94( 1 ) 

144.24( 3 )  
20.1797( 6) 

A 
r 

r 
A 

A 

A 

A 
9 

A 

A 
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TABLE 1. Standard Atomic Weights 1987 (contd) 

Name Symbol Number Weiqht Footnotes 
N i c k e l  N i  28 58.69( 1 ) 

Atomic Atomic 

Niobium 
N i t r o g e n  
Nobel ium* 
O s m i  um 
Oxygen 
Pal  l a d ?  um 
Phosphorus 
P l a t i n u m  
P1 u t o n i  um* 
Polonium* 
Potas s i um( Kal  1 urn) 
Praseodymium 
Promethium* 
P r o t a c t  i n i um* 
Radi um* 
Radon* 
Rhenium 
Rhodi um 
Rub? d 1 um 
Rut h e n i  um 
Sama r i um 
Scandium 
Selenium 
S i l  i c o n  
S i l  v e r  
Sodium(Natr ium) 
S t  r o n t  i urn 
S u l f u r  
Tan t a  1 um 
Technetium* 
T e l l  u r i  um 
Terbium 
T h a l l  ium 
Thor l  um* 
Thul  i um 
T i  n 
T i t a n i u m  
Tungsten (Wolfram) 
Unn i lquad ium 
Unn i l pen t ium 
Unn i lhex ium 
Unn i l sep t i um 
Uranium* 
Vanadl urn 
Xenon 
Y t t e r b i u m  
Y t t r i u m  
Zinc 
Z i r con ium 

Nb 
N 
No 
0s 
0 
Pd 
P 
P t  
Pu 
Po 
K 
P r  
Pm 
Pa 
Ra 
Rn 
Re 
Rh 
Rb 
Ru 
Sm 
sc 
Se 
s i  
Ag 
Na 
Sr 
S 
Ta 
Tc 
Te 
Tb 
T1 
Th 
Tm 
Sn 
T i  
W 
Unq 
Unp 
Unh 
Uns 
U 
V 
Xe 
Yb 
Y 
Zn 
Zr 

41 
7 

102 
76 

8 
46 
15 
78 
94 
84 
19 
59 
61 
91 
88 
86 
75 
45 
37 
44 
62 
21 
34 
14 
47 
1 1  
38 
16 
73 
43 
52 
65 
81 
90 
69 
50 
22 
74 
104 
105 
106 
107 
92 
23 
54 
70 
39 
30 
40 

92.90638(2) 
14.00674( 7) 

190.2( 1 )  

106.42( 1 ) 

195.08( 3) 

15.9994( 3) 

30.973762( 4) 

39.0983(1) 
140.90765( 3) 

186.207( 1 ) 
102.90550( 3) 
85.4678(3) 
101.07(2) 
150.36(3) 
44.955910(9) 
78.96( 3) 
28.0855(3) 
107.8682( 2) 
22.989768( 6) 
87.62( 1 ) 
32.066( 6) 
180.9479( 1 ) 

127.60( 3) 
158.92534(3) 
204.3833(2) 
232.0381(1) 
168.93421 ( 3) 
118.710( 7) 
47.88( 3) 
183.85( 3) 

238.0289(1) 
50.941 5( 1 ) 

131.29(2) 
173.04( 3) 
88.90585( 2) 
65.39( 2) 
91 .224( 2) 

g e o l o g i c a l  specimens a r e  known i n  wh ich  t h e  element 
cornpos i t ion  o u t s i d e  t h e  l i m i t s  for normal m a t e r i a l .  

r 
A 

r 

A 
A 

A 

A 
A 

r 

r 
r 

A 

Z 

A 
A 
A 
A 

m Z 

m 

has an i s o t o p i c  
The d i f f e r e n c e  

between t h e  a tomic  we igh t  o f  t h e  element i n  such specimens and t h a t  
g i v e n  i n  t h e  Tab le  may exceed t h e  i m p l i e d  u n c e r t a i n t y .  
m o d i f i e d  i s o t o p i c  compos i t ions  may be found i n  commerc ia l l y  a v a i l a b l e  
m a t e r i a l  because I t has been sub jec ted  t o  an und isc losed  or 
I n a d v e r t e n t  i s o t o p i c  separa t i on .  S u b s t a n t i a l  d e v i a t i o n s  i n  a tomic  
we igh t  o f  t h e  element f rom t h a t  g i v e n  i n  t h e  Table can occur.  
- range i n  i s o t o p i c  compos i t i on  o f  normal t e r r e s t r i a l  m a t e r i a l  p revents  
a more p r e c i s e  &(E) be ing  g iven;  t h e  t a b u l a t e d  & ( E )  va lue  should 
be a p p l i c a b l e  t o  any normal m a t e r i a l .  
Rad ioac t i ve  element t h a t  l acks  a c h a r a c t e r i s t i c  t e r r e s t r i a l  i s o t o p i c  
compos i t ion .  One or more wel l -known i so topes  a r e  g i ven  i n  Table 3 
w i t h  t h e  a p p r o p r i a t e  mass and h a l f - l i f e .  
An element, w i t h o u t  s t a b l e  n u c l i d e ( s ) ,  e x h i b i t i n g  a range o f  
c h a r a c t e r i s t i c  t e r r e s t r i a l  cornposi t ions o f  l o n g - l i v e d  r a d i o n u c l i d e ( s )  
such t h a t  a mean ing fu l  a tomic  we igh t  can be g iven.  
Element has no s t a b l e  n u c l i d e s .  
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TABLE 2. Standard Atomic Weights 1987 

(Sca led  t o  &(12C) = 12)  

The a tomic  we igh ts  o f  many elements a r e  n o t  i n v a r i a n t  b u t  depend on t h e  
o r i g i n  and t r e a t m e n t  o f  t h e  m a t e r i a l .  The foo tno tes  t o  t h i s  Table 
e l a b o r a t e  t h e  t ypes  o f  v a r l a t l o n  t o  be expected f o r  i n d i v i d u a l  elements. 
The va lues  o f  A r (E )  and u n c e r t a i n t y  &(E) g i v e n  here  app ly  t o  elements 
as t h e y  e x i s t  n a t u r a l l y  on ea r th .  

Order of Atomic Number 

Atomic A t  om1 c 
Number Name Symbol Weiqht Footnotes 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
5 5  
56 
57 
58 

Hydrogen 
He1 i urn 
L i t h i u m  
B e r y l  11 um 
Boron 
Carbon 
N l t r o g e n  
Oxygen 
F l u o r i n e  
Neon 
Sodlum(Natr1um) 
Magnesl um 
A1 umi n i  um 
S i l i c o n  
Phosphorus 
S u l f u r  
C h l o r i n e  
Argon 
Potassium(Ka1ium) 
Cal c i urn 
Scandi um 
T i t a n i u m  
Vanadi um 
C h romi um 
Mangane s e 
I r o n  
Coba l t  
N i c k e l  
Copper 
Zinc 
Gal 1 1 urn 
Germanium 
Arsen ic  
Sel  en3 um 
Bromi ne 
K ryp ton  
Rub1 d i um 
S t r o n t i  um 
Y t t r i u m  
Z i r con ium 
Niobium 
Molybdenum 
Technetium* 
Rutheni  um 
Rhodl um 
P a l  l a d i  um 
S i  1 ve r  
Cadml um 
Ind ium 
T I  n 
Ant imony(St ib1um) 
T e l l  u r  i um 
I o d i n e  
Xenon 
Caesium 
Barium 
Lanthanum 
Cerium 

H 
He 
L l  
Be 
B 
C 
N 
0 
F 
Ne 
Na 
Mg 
A1 
s i  
P 
S 
c1  
A r  
K 
Ca 
sc 
T i  
V 
C r  
Mn 
Fe 
co 
Ni 
cu 
Zn 
Ga 
Ge 
As 
Se 
B r  
K r  
Rb 
S r  
Y 
Z r  
Nb 
Mo 
Tc 
Ru 
Rh 
Pd 

Cd 
I n  
Sn 
Sb 
Te 
I 
Xe 
c s  
Ba 
La 
Ce 

Ag 

1 .00794( 7 )  g m r  
4.002602( 2) g r 
6.941 ( 2) g m r  
9 .01  2182( 3) 

10.81 1 ( 5 )  g m r  
12.01 1 ( 1  ) r 
14.00674( 7 )  9 r 
15.9994(3) 9 r 
18.9984032(9) 
20.1797( 6) ' 
22.989768( 6) 
24.3050( 6) 
26.981 539( 5 )  
28.0855(3) 
30.973762( 4) 
32.066(6) 
35.4527(9) 
39.948( 1 ) 
39.0983(1) 
40.078( 4) 
44.955910(9) 
47.88( 3 )  
50.941 5( 1 ) 
51.9961 ( 6 )  
54.93805( 1 )  
55.847( 3 )  
58.93320(1) 
58.69( 1 ) 
63.546( 3 )  
65.39 ( 2) 
69.723( 1 ) 
72.61 ( 2 )  
74.92159(2) 
78.96( 3 )  
79.904(1) 
83.80( 1 ) 
85.4678(3) 
87.62( 1 ) 
88.90585( 2) 
91 .224( 2) 
92.90638( 2) 
95.94( 1 )  

101.07(2)  
102.90550( 3) 
106.42( 1 ) 
107.8682( 2) 
112.41 1 ( 8 )  
11 4.82( 1) 
118.71 O( 7 )  
121.75(3) 
127.60( 3 )  
126.90447( 3) 
131.29(2) 
132.90543( 5 )  
137.327( 7) 
138.9055( 2) 
140.11 5( 4) 

9 m  

r 

r 

9 r 

9 

r 

A 
9 

9 
9 
9 
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TABLE 2. Standard Atomic Weights 1987 (contd) 

Atomic Atomic 
Number Name Symbol Weiqht Footnotes 

140.90765( 3 )  59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
1 2  
73 
74 
75 
76 
7 7  
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

Praseodymium 
Neodymi um 
Promethium* 
Samarium 
Europium 
Gado l in ium 
Terbium 
Dysprosium 
Holmium 
Erbium 
Thu l ium 
Y t te rb ium 
L u t e t i u m  
Ha fn l  urn 
Tantalum 
Tungsten (Wolfram) 
Rhenium 
O s m i  um 
I r i d i u m  
P l a t i n u m  
Gold 
Mercury 
T h a l l i u m  
Lead 
Bismuth 
Po lon i  um* 
A s t a t i n e *  
Radon* 
Francium* 
Radi um* 
Ac t  i n i  urn* 
Thorium* 
P r o t a c t i n i u m *  
Uran i  um* 
Neptunium* 
P 1  u t o n i  um* 
Americium* 
Cur l  um* 
Berke l ium*  
C a l i f o r n i u m *  
E ins te in ium*  
Fermi um* 
Mendelevium* 
Nobel i um* 
Lawrencium* 
Unn i lquad ium 
Unn i l pen t ium 
Unn i lhex ium 
U n n i l s e o t i u m  

P r  
Nd 
Pm 
Sm 
Eu 
Gd 
Tb 
DY 
Ho 
E r  
Tm 
Yb 
Lu 
H f  
Ta 
W 
Re 
0s 
I r  
P t  
Au 
Hg 
T l  
Pb 
B i  
Po 
A t  
Rn 
F r  
Ra 
Ac 
Th 
Pa 
U 
NP 
Pu 
Am 
Cm 
Bk 
C f  
Es 
Fm 
Md 
No 
L r  
Unq 
UnP 
Unh 
Uns 

144.24( 3 )  

150.36( 3 )  
151.965(9) 
157.25( 3 )  
158.92534(3) 
162.50( 3 )  
164.93032( 3 )  
167.26( 3) 
168.93421(3) 
173.04( 3) 
174.967( 1 )  
178.49( 2)  
180.9479( 1) 
183.85( 3) 
186.207(1) 

192.22( 3 )  
195.08( 3) 
196.96654( 3) 
200.59(3) 
204.3833( 2) 
207.2( 1 ) 
208.98037(3) 

190.2( 1 ) 

232.0381 ( 

238.0289( 

r 

m 

a47 

2 

Z 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

g g e o l o g i c a l  specimens a r e  known i n  wh ich  t h e  element has an i s o t o p i c  
compos i t ion  o u t s i d e  t h e  l i m i t s  f o r  normal m a t e r i a l .  The d i f f e r e n c e  
between t h e  a tomic  we igh t  o f  t h e  element i n  such specimens and t h a t  
g i v e n  i n  t h e  Tab le  may exceed t h e  i m p l i e d  u n c e r t a i n t y .  

m m o d i f i e d  i s o t o p i c  compos i t ions  may be found i n  commerc ia l l y  a v a i l a b l e  
m a t e r i a l  because i t  has been sub jec ted  t o  an und isc losed o r  
i n a d v e r t e n t  i s o t o p i c  separa t i on .  S u b s t a n t i a l  d e v i a t i o n s  i n  atomic 
we igh t  o f  t h e  element f rom t h a t  g i v e n  i n  t h e  Table can occur.  

r range i n  i s o t o p i c  compos i t ion  o f  normal t e r r e s t r i a l  m a t e r i a l  p revents  
a more p r e c i s e  &(E) be ing  g iven;  t h e  t a b u l a t e d  &(E) va lue  should 
be a p p l i c a b l e  t o  any normal m a t e r i a l .  

A Rad ioac t i ve  element t h a t  l a c k s  a c h a r a c t e r i s t i c  t e r r e s t r i a l  i s o t o p i c  
cornposi t ion.  One o r  more wel l -known i so topes  a r e  g i v e n  i n  Table 3 
w i t h  t h e  a p p r o p r i a t e  mass and h a l f - l i f e .  

Z An element,  w i t h o u t  s t a b l e  n u c l i d e ( s ) .  e x h i b i t i n g  a range o f  
c h a r a c t e r i s t i c  t e r r e s t r i a l  compos i t ions  o f  l o n g - l i v e d  r a d i o n u c l i d e ( s )  
such t h a t  a mean ing fu l  a tomic  we igh t  can be g iven.  
*Element has no s t a b l e  n u c l i d e s .  
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RELATIVE ATOMIC MASSES AND HALF-LIVES OF SELECTED 
RADIONUCLIDES 

The Comnlsslon on Atomic Weights and I s o t o p l c  Abundances has, f o r  many years, publ lshed a 
Table o f  R e l a t i v e  Atomic Masses and Ha l f -L i ves  o f  Selected Radlonucl ldes f o r  elements 
w l t h o u t  a s t a b l e  n u c l i d e .  S ince t h e  Comnission has no pr ime r e s p o n s i b l l l t y  f o r  t h e  
d l ssemina t lon  o f  such values, i t  has n o t  a t tempted e i t h e r  t o  reco rd  t h e  bes t  p r e c t s i o n  
p o s s i b l e  o r  make I t s  t a b u l a t i o n  comprehensive. The r a d l o n u c l i d e s  se lec ted  a r e  those 
judged t o  be necessary t o  enable users t o  c a l c u l a t e  t h e  atomlc welghts  o f  m a t e r i a l s  o f  
abnormal i s o t o p i c  composi t ion.  There I s  no genera l  agreement on which o f  t h e  isotopes o f  
t h e  r a d i o a c t i v e  elements i s ,  o r  i s  l i k e l y  t o  be judged, " Impor tan tH  and va r ious  c r l t e r i a  
such as " l onges t  h a l f - l i f e " ,  "p roduc t i on  i n  quan t i t y ' ,  "used comnerc la l l y " ,  e t c .  w l l l  be 
a p p o s i t e  f o r  d i f f e r e n t  s i t u a t i o n s .  The r e l a t i v e  atomlc masses a r e  d e r i v e d  f rom t h e  
atomtc masses ( i n  u) recommended by Wapstra and Audl (Ref .1) .  The h a l f - l i v e s  l i s t e d  a r e  
those  p rov ided  by Holden (Refs.13, 14).  

TABLE 3. Relative Atomic Masses and Half-lives of Selected Radionuclides 

Atomic Element E 1 emen t Mass A t  omi c H a l f  
Number Name Symbol No Mass L i f e  U n i t  

R e l a t  I ve 

43 

61 

84 

85 

86 

87 
88 

89 
90 

91 
92 

93 

94 

95 

96 

97 

98 

Technetium 

Promethium 

Pol on I um 

A s t a t l  ne 

Radon 

Francium 
Radi um 

Act  I n l  urn 
Thorium 

P r o t a c t i n i u m  
Uranium 

Neptunium 

Pluton ium 

Ameri c i um 

Curium 

Berke l  ium 

C a l i f o r n i u m  

Tc 

Pm 

Po 

A t  

Rn 

F r  
Ra 

Ac 
Th 

Pa 
U 

NP 

Pu 

Am 

Cm 

Bk 

C f  

97 
98 
99 

145 
147 
209 
21 0 
21 0 
21 1 
21 1 
220 
222 
223 
223 
224 
226 
228 
227 
230 
232 
231 
233 
234 
235 
236 
238 
237 
239 
238 
239 
240 
241 
242 
244 
241 
243 
243 
244 
245 
246 
247 
248 
247 
249 
249 
250 
251 
252 

96.9064 
97.9072 
98.9063 

144.91 27 
146.91 51 
208.9824 
209.9828 
209.987 1 
210.9875 
21 0.9906 
220.01 14 
222.01 76 
223.0197 
223.01 85 
224.0202 
226.0254 
228.0311 
227.0278 
230.0331 
232.0381 
231.0359 
233.0396 
234.0409 
235.0439 
236.0456 
238.0508 
237.0482 
239.0529 
238.0496 
239.0522 
240.0538 
241.0568 
242.0587 
244.0642 
241.0568 
243.061 4 
243.061 4 
244.0627 
245.0655 
246.0672 
247.0703 
248.0723 
247.0703 
249.0750 
249.07 48 
250.0764 
251.0796 
252.0816 

2.6 x 106 
4.2 x l o 6  
2.1 105 

1 x 102 

18 
2.62 

138 
8 
7.2 

15 
56 

22 
11 

1600 

3.82 

3.7 

5.8 
21.8 

1.40 x l o l o  
7.54 x 104 

3.28 104 
1.59 x 105 
2.46 x 105 

4.47 109 

2.41 x 104 
6.56 x 103 

7.04 x l o 8  
2.34 x l o 7  

2.14 x l o 6  
2.35 

87.7 

14.4 
3.74 x lY5 
8.0 x 10 

432 

29 
18.1 

7.37 x 103 

8.4 x 103 
4.8 x 103 
1.6 x 107 
3.5 105 
1.4 x 103 
3.3 x 102 
3.5 x 102 

9.0 x 102 
13.1 

2.64 

a 
a 
a 
a 
a 
a 
d 
h 
h 
h 

d 
m 
d 
d 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
d 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
d 
a 
a 
a 
a 

S 
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TABLE 3. Relative Atomic Masses and Half-lives of Selected Radionuclides (contd) 

R e l a t  i ve 
Atomic Element Element Mass Atomic H a l f  
Number Name Svmbol No Mass L i f e  U n i t  

99 E i n s t e i n i u m  Es 252 252.083 1.3 a 
100 Fermi urn Fm 257 257.0951 101 d 
101 Mendelevium Md 256 256.094 76 m 

258 258.10 55 d 
102 Nobel i um No 259 259.1009 58 m 
103 Lawrencium L r  262 262.11 21 6 m 
104 Unn i lquad ium Unq 261 261 .ll 65 S 
105 Unn i l pen t ium Unp 262 262.114 34 S 
106 Unn i l hex ium Unh 263 263.118 0.9 S 
107 U n n i l s e p t l u m  Uns 262 262.12 0.12 5 

a = years d = days h = hours m = minu tes  s = seconds 

NON-TERRESTRIAL DATA 

The i s o t o p i c  abundances o f  e lements f rom n o n - t e r r e s t r i a l  sources fo rm a r a p i d l y  expanding 
body o f  knowledge. I n f o r m a t i o n  about  n o n - t e r r e s t r i a l  i s o t o p i c  abundances can be ob ta ined 
f rom mass spec t romet r i c  s t u d i e s  o f  m e t e o r i t i c ,  l u n a r  and i n t e r p l a n e t a r y  d u s t  m a t e r i a l s ,  
f r o m  space probes, f rom as t ronomica l  obse rva t i ons  u s i n g  i n f r a r e d  spec t ra ,  and f rom cosmic 
r a y  a n a l y s i s .  

It has been e s t a b l i s h e d  t h a t  many elements have a d i f f e r e n t  i s o t o p i c  compos i t ion  i n  
n o n - t e r r e s t r i a l  m a t e r i a l s  when compared w i t h  normal t e r r e s t r i a l  m a t e r i a l s .  These e f f e c t s  
have been demonstrated by p r e c i s e  mass s p e c t r o m e t r i c  measurements o f  me teo r i t es ,  l u n a r  
m a t e r i a l s  and i n t e r p l a n e t a r y  d u s t .  E x c e l l e n t  rev iews d e s c r i b i n g  i s o t o p i c  anomalies i n  
n o n - t e r r e s t r i a l  m a t e r i a l s  a r e  g i v e n  by Anders ( R e f . l 5 ) ,  Begemann (Ref.16).  C lay ton  
(Ref .17) .  P i l l i n g e r  (Ref.18).  S c o t t  (Ref.19).  Wasserburg e t  a1 (Ref.20).  Gelss and 
Bochs le r  (Ref.21) and Wiedenbeck (Ref .22) .  Fowler (Ref .23)  a l s o  touched on t h i s  problem 
i n  h i s  Nobel l e c t u r e  i n  Stockholm, Sweden. 

I t i s  i m p o r t a n t  t o  r e a l i s e  t h a t ,  a l t hough  most o f  t h e  r e p o r t e d  i s o t o p i c  anomal ies a r e  
smal l ,  some v a r i a t i o n s  a r e  q u i t e  l a r g e .  Fo r  t h i s  reason, s c i e n t i s t s  d e a l i n g  w i t h  
n o n - t e r r e s t r i a l  samples shou ld  e x e r c i s e  c a u t i o n  when t h e  i s o t o p i c  compos i t ion  o r  t h e  
a tomic  we igh t  o f  a n o n - t e r r e s t r i a l  sample i s  requ i red ,  

The d a t a  have been c l a s s i f i e d  acco rd ing  t o  t h e  ma jo r  a l t e r a t i o n  o r  p r o d u c t i o n  processes 
o r  t h e  sources o f  m a t e r i a l  as desc r ibed  i n  t h e  f o l l o w i n g  o u t l i n e :  

Process 

A .  

A-1 - A-2 

B. - B-1 

- 8-2 

- 8-3 

C.  
c-1 - 

Mass F r a c t i o n a t i o n  
Mass dependent f r a c t i o n a t i o n  has occur red  b o t h  b e f o r e  and a f t e r  t h e  fo rma t ion  o f  
t h e  s o l a r  system. 
F r a c t i o n a t i o n  by v o l a t i z a t i o n  and condensat ion .  
F r a c t i o n a t i o n  by chemical  processes: Th is  g roup ing  i n c l u d e s  some s p e c i a l  cases, 
such as t h e  p r o d u c t i o n  o f  o rgan ic  ma t te r .  

Nuc lear  React ions 
Nuc leosynthes is :  The mechanism o f  f o r m a t i o n  o f  some o f  t hese  nuc leosyn the t i c  
m a t e r i a l s  i s  open t o  ques t i on .  Tabu la ted  here  a r e  samDles ' i d e n t i f i e d  bv t h e  
au tho rs  as p roduc ts  o f  nuc leosyn thes i s .  
S p a l l a t i o n  React ions :  Nuc lea r  r e a c t i o n s  produced by g a l a c t i c  and s o l a r  cosmic ray  
bombardment p r l o r  t o  t h e  f a l l  o f  t h e  m e t e o r i t e .  
Low Energy Thermal Neut ron  Capture React ions :  Bombardment o f  t h e  l u n a r  su r face  o r  
m e t e o r i t e s  by the rma l  neu t rons  o r i g i n a t i n g  f rom cosmic rays .  

R a d i o a c t i v e  Decay Produc ts  
Produc ts  from E x t i n c t  Nuc l i des :  When t h e  s o l a r  system had evo lved t o  t h e  p o i n t  
where t h e  m e t e o r i t e s  had become c losed  i s o t o p i c  systems some 4.6 x l o 9  years 
ago, some r a d i o a c t i v e  n u c l i d e s ,  now e x t i n c t  i n  t h e  s o l a r  system, were s t i l l  
p resen t .  Daughter p roduc ts  o f  such n u c l i d e s  a r e  r e s p o n s i b l e  f o r  t h e  anomalous 
i s o t o p i c  compos i t i on  o f  c e r t a i n  elements.  
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- C-2 Enrichments i n  t h e  Daughter Products o f  Rad ioac t i ve  Nuc l ides  which a r e  commonly 
used f o r  Geochronology. 

- C-3 Enrichments as t h e  r e s u l t  o f  t h e  doub le  B-decay o f  l o n g - l i v e d  r a d i o a c t i v e  nuc l i des .  
- C-4 Enrichments as t h e  r e s u l t  o f  t h e  decay o f  f i s s i o n  produc ts .  
- C-5 P r e f e r e n t i a l  Loss o f  L i g h t  Gases f rom t h e  G r a v i t a t i o n a l  f i e l d  o f  t h e  Ob jec t :  For 

example, t h e  h e l i u m  and argon i n  t h e  e a r t h l s  atmosphere a r e  p r e s e n t l y  composed o f  
ve ry  l i t t l e  o f  t h e  p r i m o r i d a l  he l i um and argon gas b u t  i n s t e a d  a r e  composed o f  t h e  
outgassed he l i um and argon decay p roduc ts  f r o m  t h e  heavy, n a t u r a l l y  r a d i o a c t i v e  
elements and f rom 40K r e s p e c t i v e l y .  

Sources 
a. 
- a-1 

- a-2 

b. 

b-1 - 

b-2 - 

C .  

d. 

e. 

f .  

So la r  P a r t i c l e s  
So la r  Wind: Lunar samples and g a s - r i c h  c h o n d r i t e s  have shown evidence o f  i s o t o p i c  
m o d i f i c a t i o n  because o f  a n c i e n t  and recen t  s o l a r  wind. 
S o l a r  F l a r e :  Dur ing  t h e  s o l a r  event  o f  September 23, 1978, a s a t e l l i t e  borne 
"heavy i s o t o p e  spec t rometer  te lescope"  (HIST) s u c c e s s f u l l y  measured I s o t o p i c  
r i t i o s  07 s e v e r a r  elements found i n  t h e  e n e r g e t i c  p a r t i c l e  f l u x e s  emi t ted  by t h e  
sun. 

Cosmic Rays 
Data i n c l u d e d  i n  t h i s  ca tegory  a r e  t h e  r e s u l t s  o f  cosmic ray  measurements i n  t h e  
near -ea r th  environment by b a l l o o n  and s a t e l l i t e  exper iments.  
R e l a t i v e l y  Low-Energy Cosmlc Rays ( 2 0  t o  1000 MeV/u): The recen t  development o f  
h i g h  r e s o l u t i o n  d e t e c t o r s  makes i t  p o s s i b l e  t o  measure t h e  r e l a t i v e  i s o t o p i c  
abundance o f  seve ra l  e lements.  
High-Energy Cosmic Rays (>6  GeV/u): Desp i te  exper imenta l  d i f f i c u l t i e s ,  
3He/4He r a t i o s  have now been determined. 

Cool S t a r s  
I s o t o p i c  r a t i o s  o f  C and 0 i n  c o o l  g l a n t -  and superg ian t - s ta rs  and Mg i n  
meta l -poor  subg ian t  s t a r s  have been ob ta ined  f rom t h e i r  i n f r a r e d  spec t ra  us ing  
l a r g e  ground-based te lescopes .  

P lane ts  and S a t e l l i t e s  
I s o t o p i c  r a t i o s  o f  some elements i n  p l a n e t s  and one s a t e l l i t e  o f  Saturn ,  (namely 
T i t a n ) ,  were de termined by spacecra f t -borne  mass spec t romet ry  and i n f r a r e d  
spec t romet ry ,  and by ground-based i n f r a r e d  spec t romet ry .  

Comet Ha 1 1 e 
h 8 0 / l 6 O  r a t i o s  i n  comet H a l l e y  were measured by t h e  G i o t t o  
spacecra f t -borne  mass spec t romet ry  on March 14, 1986. P r e l i m i n a r y  r e s u l t s  
r e p o r t e d  by Eberhard t  e t  a1 (Ref.24) a r e  as f o l l o w s :  

0 .6  x < D/H < 4.8 x ( t e r r e s t r i a l  va lue ;  1.5 x 
l 80 / l 6O = 0.0023 5 0.0006 ( t e r r e s t r i a l  va lue ;  0.00200).  

I n t e r p l a n e t a r y  Oust (Cosmic Dust)  

I s o t o p i c  r a t i o s  o f  H, He, C. Ne, Mg and S i  i n  so -ca l l ed  i n t e r p l a n e t a r y  dus t  and 
s t r a t o s p h e r i c  d u s t  have been determined. 

A l though t h i s  Conmission does n o t  a t tempt  t o  s y s t e m a t i c a l l y  rev iew  t h e  l i t e r a t u r e  on t h e  
i s o t o p i c  compos i t ion  o f  n o n - t e r r e s t r i a l  m a t e r i a l s ,  some examples o f  i s o t o p i c  v a r i a t i o n s  
have been g i v e n  i n  p a s t  r e p o r t s .  I n  o r d e r  t o  p r o v i d e  a more comprehensive v iew o f  
c u r r e n t  research  on t h e  i s o t o p l c  v a r i a t i o n s  found i n  n o n - t e r r e s t r i a l  m a t e r i a l s ,  we have 
chosen i n  t h i s  r e p o r t  t o  p resen t  some o f  t hese  d a t a  i n  Tables 4 and 5. 

Tab le  4 l i s t s  exper imenta l  r e s u l t s  f o r  a s e l e c t i o n  o f  t h e  l a r g e s t  r e p o r t e d  v a r i a t i o n s .  
T h i s  i n f o r m a t i o n  has been c l a s s i f i e d  i n  terms o f  t h e  major  process i n v o l v e d  i n  t h e  
m o d i f i c a t i o n  o f  t h e  i s o t o p i c  compos i t i on  o f  t h e  element concerned. Thus f o r  example, t h e  
t a b l e  l i s t s ,  as one o f  t h e  I tems. t h e  l a r g e s t  d e v i a t i o n  o f  i s o t o p i c  cornposi t ion repo r ted  
f o r  t h e  i s o t o p e s  o f  c a l c l u m  caused by a mass f r a c t i o n a t i o n  process (A-1). Only da ta  o f  
enr ichment  o r  d e p l e t i o n  o f  s p e c i f i c  i so topes  produced predominant ly  by one o f  t h e  major  
a l t e r a t i o n  processes a r e  l i s t e d .  The da ta  l i s t e d  I n  Table 4 a r e  l i m i t e d  t o  measured 
va lues  r e p o r t e d  i n  p u b l i c a t i o n s  and i n  no i n s t a n c e  rep resen t  i n t e r p o l a t i o n s  o r  
e x t r a p o l a t i o n s .  Those i n t e r e s t e d  i n  a more comprehensive rev iew  should r e f e r  t o  Shima 
(Ref .25) .  
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Entries given as " 6 "  or " / u "  (per atomic mass unit) are all in per mil (per 1000). The 
d values are expressed by respective mass numbers, for example, the meaning of 
d(18.16) is as follows: 

d(18.16) = [ -1 3 x 1000 

s: Non-terrestrial Sample 
n: Terrestrial Standard 

Where an isotopic ratio or atomic weight is given, the terrestrial value 
is listed In  parenthesis for comparison, suitably truncated where 
necessary to an appropriate number of signiflcant figures. 

TABLE 4. Examples of Maximum Isotopic Variations and Corresponding Atomic Weights due to 
Different Processes 

Iostopic Ratio Atomic Refer- 
Element Maximum Variation Weight Materials Process ence 

7N d(15.14); +190 14.0074 C2-chondrlte Renazzo A-2 (26) 
( 1  4.0067) 

80 d(17.16); -42.8 15.9991 spinel from type 6 CAI 6-1 (27) 
d(18.16); -40.5 (15.9994) HN-3 o f  C3-chondrite, 

A1 lende 

12Mg 26Mg/24Mg=0. 703 
(0.13938) 

hibonite from C2-chondrlte C-1 (28) 
Murchi son 

1 8Ar 40Ar/36Ar=l . 2X10-3 1850°C release from c-5 (29) 
(295.5) Carbon-rich residue of 

urelllte Dyalpur 

2oCa 7.5 / u HAL inclusion of A-1 (30) 
C3-chondrite. Allende 

23v 51 v/5ov=4.3 50.76 iron meteorite Grant 6-2 (31) 
(399) ( 50.94) 

36Kr 82Kr/84Kr=0. 355 
(0.203) 

1000°C release from FeS In C-3 (32) 
iron meteorite Cape York 

3 8 3  87~r/86~r=8. 45 87.31 silicate inclusion of iron C-2 (33) 
(0.7099) (87.62) meteorite Colomela 

54 ,Xe 36Xe/132Xe=0. 61 7 
(0.331) 

600°C release from c-4 (34) 
<2.89g/cm3 density 
fraction of C3-chondrite 
Allende 

64Gd d (  158,157) ;+5.97 1 unar rock, 1001 7,56 6-3 (35) 
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Table 5 l i s t s  examples of the isotopic compositions and atomic weights of 
elements from different sources. 

TABLE 5. Examples of Isotopic Composition and Atomic Weight from Different Sources 

Ele- Isotopic Atomic 
ment Object Ratio Weight Method 

Refer- 
Source ence 

4He Solar wind 3/4; 4 . 8 ~ 1 0 - ~  4.0021 Spacecraft ISEE-3 borne IMS a-1 (40) 

Solar flare 0.0026 4.0000 Spacecraft ISEE-3 borne HIST a-2 (41) 

Cosmic ray 
48 - 77 MeV/u 0.066 3.94 Spacecraft ISEE-3 borne HIST b-1 (42) 

>6GeV/u 0.24 3.81 Balloon-borne detector b-2 (43) 

Interplanetary 0.023 3.98 (1600OC release, Pacific f (44) 
dust deep-sea magnetic fine 

sample). MS 

Earth 1 ,380~10-6 4.002602 

gC most of 12/13; 3.4-35 12.23 - Infrared spectra by large c (45) 

Venus >84 512.01 Pioneer Venus LNMS d (46) 

Cool star 12.03 ground-based telescope 

Mars 83.3 12.012 Viking lander Mars' 
surface NMS 

Earth 89.91 12.011 
~~~ ~ ~ ~ ~ 

IMS: - Ion lass Spectrometer 
IRIS: - Infrared Interferometer Spectrometer 
HIST: - Heavy Isotope Zpectrometer lelescope 
LNMS : - Large Probe Neutral lass Bectrometer 
NMS: - Neutron Bass Spectrometer 
MS : lass Bectrometer 
SIMS: - Secondary Ion lass 9ectrometer 
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OTHER PROJECTS OF THE COMMISSION 

The Editor of "Chemistry International" has requested the Commission's permission to 
reprint the Table of Atomic Weights to Four Significant Figures. Members of the 
Commission will provide an updated verslon of the Table for this purpose. 

The Commission has also decided t o  revise and republish the Table of Atomic Weights to 
Five Significant Figures. A Working Party has been formed to undertake this task by the 
time of the next meeting of the General Assembly in 1989. 

The Comnission strongly supported a new interdivisional project entitled "Isotope 
Specific Measurements as Reference Techniques for Toxic/Essential Element Assay" after 
receiving a report from Professor P De Bievre who was co-opted by the Division to llaise 
with the Clinical Chemistry Division of IUPAC. Professor De Bievre expressed the opinion 
that much of the required expertise for this project resides in the Comnission and that 
the project should be attached to the Inorganic Chemistry Division. 

The Comnission initiated three new projects at the Lyon meeting in 1985 and the work I s  
described below:- 

A Sub-Comnlttee for Isotopic Abundance Measurements (SIAM) was established to identify 
and assess experimental methods leading t o  isotope abundances/atomic masses/atomic 
weights, and to critically evaluate any new data pertaining to the work of the 
Commission. The Sub-Committee has surveyed critically the isotopic abundance data 
determined by mass spectrometry which have been published over the past two years and 
plans t o  publish a revised Table of Isotopic Compositions of the Elements after the next 
General Assembly. This Table was last published in 1984 (Ref.50). The Table i s  
continually maintained and a current copy can be obtained from the Convenor of SIAM, 
Dr I L Barnes of the National Bureau of Standards, Gaithersburg. Maryland, 20899, USA. 

The Comnlssionls working party on Natural Isotopic Fractionation, was formed to 
Investigate the impact of naturally occurring fractionation processes upon ( 1 )  
determination of the atomic weight of that element, (2) determination of the uncertainty 
in its atomic weight and (3) determination of the isotopic composition of an element. 
The working party agreed that Its primary role i s  to prepare a comprehensive tabulation 
of Isotopic fractionation factors for all elements that show isotopic fractlonation in 
naturally occurrtng terrestrial materials and whose fractionation factors have been 
experimentally or theoretically determined. It i s  expected that this compilation would 
be a significant expansion of the 1975 "Data of Geochemistry, compilation of Stable 
Isotope Fractionation Factors of Geochemical Interest" (Ref.51) which currently serves 
as the accepted source for isotopic fractionation factors in light stable isotope 
geochemistry. Whereas the compilation of Frledman and O'Neil included only isotopic 
fractionation factors of hydrogen, carbon, oxygen, and sulphur, it was proposed that the 
working party should consider the following elements: hydrogen, lithium, boron, carbon, 
nitrogen, oxygen, neon, magnesium, silicon, sulphur, chlorine, potassium, calcium, iron, 
copper, selenium, palladium, tellurium, mercury, and uranium. 

Furthermore, the compilation would recomnend a "best" isotopic fractionation factor where 
more than one was available. The working party agreed that it will not investigate non 
mass-dependent isotopic effects because these are not important in the isotopic 
fractionation of terrestrial materials. The working party will prepare a draft of this 
compilation for distribution t o  the Comnission at the 1989 General Assembly. 

The working 'party on Measurements, Sensors and Measurinq Instruments has produced a short 
annotated bibliography for students on uncertainties in measurements. Foreign language 
versions will be made available In Chinese, French, German, Japanese and Russian, when 
the bibliography I s  finalised. The working party will prepare a draft document on 
realistic evaluation of uncertainties in chemical measurements before the next General 
Assembly in 1989. 
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