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ABSTRACT

A table of atomic masses is drawn up for a set of atoms
characterized by maximum consistency with.all experimental data.
The following principles are used as a basis for compiling the
table: maximum reliability, in the view of the authors, of the
experimental data for mass doublets and for energies of nuclear
reactions and radioactive decay; use of the least-squares method
for processing experimental data; and analysis of the intermal
consistency of data. The physico-methodological and statistical
criteria discussed in the paper were used to select 752 atoms,
the masses of which are linked by 2480 experimentally measured
ratios, £for a consistent set. Apart from masses, mass excesses
and binding energies for each atom, the table contains B-decay

energies for 474 cases.

In order to ensure the uniformity of measurements in physical
studies it is necessary to use data on the masses of atoms and asso-
ciated quantities which have been evaluated, i.e. correlated to a
certain degree of reliability wicth all the existing experimental data.
Among the associated quantities are the mass excess, which is the
difference between the mass of an atom and its mass number; the binding
energy and the energy of B8-decay. It is not possible, working on the
basis of purely theoretical assumptions, to calculate the masses of
atoms with sufficient accuracy. Nor do semi-empirical equations result
for the moment in high enough accuracy. There are no grounds for
considering the results of individual studies on an empirical determi-
nation of the masses of atoms sufficiently reliable, since there is
always a possibility of the systematic error not having been taken

into account.
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In order to increase reliability we need to follow a combined
approach to the whole mass of experimental information available. An
approach of this kind is followed in the paper by A. Wapstra and K. Bos [1],
who, by analysing and generalizing many primary experimental data, succeeded
in drawing up tables for the masses of atoms [2] with an accuracy exceeding
that found in individual studies. However, a detailed examination of the
principles underlying the mass evaluation of atoms in Ref. [1] shows that
the results obtained are of uneven reliability. Moreover, many new data

have been published since that time.

In this paper the criteria for drawing up a set of atoms with consistent
masses (ACM) are defined on the basis of a given body of experimental infor-
mation, and the values and errors in ACM masses, and the mass excesses,
binding energies and B-~decay energies associated with them are rendered
more accurate. The data obtained may find extensive application for studies
in theoretical and experimental physics and also in the field of nuclear

power.

Criteria for the elaboration of a set of atoms with consistent massas
and a method of evaluation

A large number of measurements. have now been accumulated for mass
doublets and energy releases in nuclear reactions and radioactive trans-
formations. Since in experiments nowadays only the difference between
the masses (energies) of atoms are determined and not their absolute values,
all these results can be divided up into two sets. In the first of these
we shall put results which, when taken together, link the mass of each
of the atoms in the set in the form of the differences from the masses of
at least two other atoms, the experimental information available being
self-consistent to within a certain degree of reliability. All other
results have to be placed in the second set. 1In fact, if there is only
one measurement of a difference of this kind, there is always a proba-
bility, except in the case of mass~spectrometric measurements for scable
nuclides, that one may take the energy of transition into an excited
state as the energy of transition between the ground states of nuclei.
Such cases may occur as a result of insufficiently accurate knowledge
of the systems of nuclear transitions. This source of unreliability can
be eliminated - or at least allowance can be made for it in the error

shown for the mass of an atom - only by intercomparison of data, i.e. only
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for results of the first. set. The criterion selected for this comparison
was consistency between evaluated masses and each of the experimental
results used to within three adjusted standard deviations of the particular

result. This criterion is described more fully below.

It is suggested that ACM should be taken to include only those atoms
for which the masses are described by the first set of experimental results.
For the formal verification of ACM some basic concepts are required. A
comparison is made between any measurement under consideration and the
process equation linking the value for a certain linear combination of
atomic masses Mi with the process energy Qi which has a standard deviation
cj(Q):

%eLJM.quai' 55'(0)7
' h (1)

in which we assume the coefficients zij to differ from zero by whole

numbers and we sum over the atomic masses linked by the given process.

Definition. 1. Two process equations are considered to be similar

with respect zo the pair of atoms i and k if there is a linear combination

of these equarions which does not contain Mi and Mk simultaneously.

Definition 2. We shall consider as subset pairs similar with respect

to the pair of atoms i and k, a subset of process equations, any pair of
elements of which is similar with respect to the pair of atoms i and k.
Thus, every process equation linking n atoms may be assigned to n(n - 1)/2

such subsets..

Definition 3. The atom i is considered independent if there is no

similar subset pair which simultanecusly includes a full set of equations
L , 1 .
containing Mi. The atom of the nuclide 2C was taken to be independent

since its mass serves as a basis for the scale of atomic mass units (amu).

Definition 4. An atom of the nuclide i is formally included in the

ACM as long as at least one of the following conditions is fulfilled:
- It is independent;

- There are at least two equations containing it which are grouped
in a pairwise similar subset only in combinations containing
independent atoms whose masses are known with an error that is

negligible;

- It is stable, and there exist one or more mass spectrometric
measurements of its mass relative to a combination of masses of

independent atoms.



After examining the entire original set of results and identifying
the atoms of nuclides which do not satisfy definition &4, equations
containing such atoms are discarded, while the remaining set undergoes
the same evaluation again. This process is repeated until a set of
equations linking only atoms which satisfy definition 4 is found. It
is from this set alone that the mass values are determined and their
consistency with each of the equations included in the set is verified.
If for any reason it is necessary to omit one or another atom or equation
from the evaluation, the remaining set is again analysed according to
the method described above. Atoms linked by the final set of results
used in the present evaluation are considered to be atoms with standard

masses.

From the formal point of view, our verification of ACM is similar
to the so-~called class of primary data evaluated in Ref. [1]. A
considerable amount of primary data has consequently been included in
our evaluation exactly as it is given in Ref. [1], and in that sense our
tables maintain a degree of continuity with that paper. In addition,
we have used data from 164 papers which were either published after the
period covered by Ref. [1] or belonged to that period but were not
included in that evaluation for one reason or another. Because of the
inclusion of new data, and also in cases where there was disagreement
with the arguments advanced in Ref. [l], it was necessary to perform an
additional matching procedure, the principles of which are described below.
As a result of that, some of the data used in Refs [1,2] as primary data
were treated in our evaluation as unreliable or as not belonging to the
ACM set. However, we felt that some of the data in Ref. [1] regarded
as unreliable should be included in the evaluation. Exclusion of some
of the data from Refs [1,2] meant that the data referred to but not used
had to be included with a lower degree of accuracy, while the incorporation
of new data also enabled some of the equations defined in Ref. [1] to
be introduced as second- or even higher-order equations since, when
combined with the new data, they began to satisfy the requirements for

elements of the set of equations for defining ACM masses.

In our study of the new results, we have attempted to stress as far
as possible the contribution made by our paper. For example, for some
measurements an adjustment was made in respect of a process known from

another paper or from an evaluation. When using these data, the authors
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did not take the absolute values for the process energy, but rather the
difference between the measured and calibrated process values. Some of
the results could not be utilized because the calibration was performed

for atoms not belonging to the ACM.

The same methods were employed to achieve consistency within the
set, as in Refs [1,2]: correction of standard deviations of mass spec-
trometric measurements by means of Cj coefficients and the rejection
of unreliable equations. The method of averaging similar equations which
was widely used in Ref. {1] was not applied to new data since it has become
clear that in many cases it produces an unjustifiably optimistic mean
error. The use as in Ref. [1] of the coefficients Cj to correct the
standard déviations of mass spectrometric results is an indication of
the fact noted in many papers that certain similar data obtained at
different facilities deviate significantly from each other for reasons
that are not understood. Preference was given in the present evaluation
to doublets measured by cycles as this enabled the absence of systematic
errors for data obtained at a single facility to be verified by constructing
closed circuits. From the methodological point of view, the best of all
the analysed data of this kind are probably those of the Sukhumi Physico-
Technical Institute (R.A. Demirkhanov Laboratory). No corrective coeffi-
cients were assigned to data not included in the Ref. [1] evaluation with
the exception of the doublets defining 67Zn, to which the coefficient
Cj = 2.5 had to be allocated. 1In addition, it proved necessary to assign
a coefficient Cj = 2.5 to all the results obtained by the Canadian team
(K.S. Sharma, K.S. Kozier et al.). Furthermore, in some cases the mass-

doublet weights assigned in Ref. [1] were reviewed.

Criteria of two types were included in the analysis of the reli-
ability of all the results considered. Account was taken of the charac-
teristics of the methodology, the equipment used and (most important of
all) the extent to which theoretical and model representations tended
to convert the value taken directly from experiments to that required
to evaluate the energy of the process being studied. With regard to the
last of these, in cases where discrepancies arose between equations
describing nuclear processes we decided first and foremost not to use
the results of electron capture energy measurements. This explains the
substantial discrepancy between the data in this paper and those given

in Ref. [2] in the 153Gd region.



Apart from the physico~methodological criteria described above which
were applied to individual results, we also applied a statistical crite-
rion which takes advantage of the verification of the ACM set formulated

above. The requirement that the discrepancy coefficients
(Q - Ty 1)/ G5 (2)

should not exceed 3 corresponds qualitatively to the requirement that
even in relatively small subsets of the set of equations employed (where
reasonable values are assigned for masses not defined by the subset in
question) the discrepancy distribution should be- Gaussian with a single
dispersion. Accordingly, the non-fulfilment of this condition can be
considered a significant inconsistency in a small subset of this kind.
Particular attention was paid in such situations to atoms whose masses
are defined by only two equations. Whenever the statistical criterion
was not fulfilled in such cases, the atom and both equations defining
its mass were quite definitely excluded from the analysis as data whose
reliability could not be evaluared. It was for this reason that we
omitted the atom 60Co , for example, whose mass was evaluated in Refs [1,2]
with the standard deviation at 14 keV (in energy units) on the basis of

two measurements the results of which diverged by about 145 keV.

For atoms whose masses were defined by more tham two equations,
the statistical criterion was applied in practice only in conjunction
with physico-methodological criteria, playing an auxiliary role in
clarifying cases of conflict. Where there were three or more measurements,
it was always possible in practice to identify and discard che most dubious
measurement using physico-methodological criteria. Thus, instead of
averaging similar but inconsistent equations as was done in Ref. [1],
a stricter and more coherent set of conditions for the reliability of

the experimental results included in the evaluation was utilized.

It should be stressed that in the matching process constant
consideration was given to determining the real source of conflict.
Here the statistical criterion described above was applied to subsets
of the data set which, in complicated cases, included up to several tens
of atoms, and the conflict was by no means always due to those measure-

ments for whose equations there was a large discrepancy.

A detailed description of the results of applying this methodology

and a comparison of them with other evaluations are beyond the scope of



-7 -

this paper. Consistency between data was achieved in regions containing
nuclides with mass numbers 3, 46-50, 55-67, 82, 87-89, 94, 104-106,
149-153, 159, 175, 180-~-181, 198-200, 205-206, 249.

The set of data compiled by the authors for determining ACM masses
encompassed 2480 experimental resulcts linking the atomic masses of
752 nuclides including 12C. A system of normal equations was established
from these data by the usual method. The least-squares method was used
to determine the masses (3]. Two fundamental constants were utilized
in the calculation process: the atomic mass of the nuclide 12C = 12 amu

(exactly) and the coefficient for converting energy units to mass units
K £ o6(K) = (1073535°5 £ 3.0)x10™° amu/meV (3)

obtained from the value 1/K given in Ref. [4]. The conversion to amu was
chosen because the standard deviation o(K) is comparable with the errors
in the most accurate mass spectrometric measurements, the results of which

are given in amu.

Calculation method and atomic mass table structure

The mass excesses (i.e. the differences between the mass of the atom

and its mass number) were selected as the parameters. to be evaluated:

F= M4 ()

where u is the mass excess, M is the mass of the atom and A is its mass
number. Where necessary, the equations were transformed so that they
depended on the mass excesses. Clearly, this procedure did not interfere

in any way with the standard deviacions.

If the equations of the original system (1) transformed into amu
and written in terms of the mass excesses ui have the form of the sum

of all N atoms in the ACM set:

N -

E{E,-_Jﬂizzj:%-(z) (J=12,...,7), (5)
where, in constrast to expression (1), zero values are adopted for the

missing coefficients lij’ then the system of normal equations is written

as:

N
Z % Mm = Ry s (6)



where 7 _
2 .
a,, ,§ b fm;/[cj 6;@] ;
d (7)

Z 2
Rk JE Zki Zj/[cj 6j(Z)J . (8)

To obtain the covariance matrix a;;, a specially developed inversion
algorithm was used, the prototype for which was algorithm 42b in Ref. [5];
this has much in common with the method described in Ref. [6]. The
essential difference in our method is the fourfold reduction of the oper-
ating field required (based on the fact that the inverted matrix is sym-
metrical and positively defined), and a further difference being the steps
taken to optimize the operating time of the algorithm in the case of vacuum

matrices.

The calculations were performed using a 1010B computer equipped with
a specialized mathematical software system, the prototype for which is
Basic Fortran - 10108 [7]. High-speed floating-point arithmetical sub-
programs were used in the calculations, these having a higher accuracy
than in Ref. [7] with the number representation remaining unchanged.
Five bytes were allocated to one real number, four of which (32 binary
digits) were used to represent the mantissa. Rounding off by eliminating
the least significant, overflow digits and normalizing the resulc were

carried out after each arithmetical operation.

The operating field for the inversion of the matrix of the 751st
order for our algorithm has a volume of about 1.4 megabytes, which enables
it to be placed on existing magnetic discs with a total capacicy of
1.5 megabytes. To reduce the rounding errors, a special arrangement of
the variables was used in inverted matrix calculations with the resulct
that the average number of operations per element was cut by a factor

of about three.

The system of normal equations was solved by multiplying the

. : -1
covariance matrix a

km
arithmetic was simulated to improve accuracy. Assessment of how accurately

by the column Rk [8]. 1In the process, fixed point

the set of scolutions obtained corresponded to the minimum value

o J N
R o)) o] (%)



resulted in the following value for the discrepancy factor for the

calculated parameters dpi:
[om / 611 =05 (10)

where ci(u) =v4;§£ is the standard deviation of the i-ch evaluated
parameter. As a further check, the set of equations (1) used to obtain
the tables in Ref. [2] was processed by the method described. A compar-
ison of our control results with the tables in Ref. [2] showed that
agreement between them is far better than follows from expression (10).
Since there were no data on the degree of accuracy of the minimization

of XZ when the tables in Ref. [2] were being drawn up, we can only
conclude that the degree of equivalance between the calculation processes

compared is high.

For our set of data, the calculation of x2 gave the resulc:
2= 0,895, (11)

and the Birge coefficient was consequently not introduced for standard

deviations of the mass excesses.

The results of the calculations are given in the table. The ACMs
are arranged according to the mass numbers A and, within the limits of
constant A, according to the charge Z. The "N" column shows the number
of neutrons in a nucleus and the '"Z'" column shows its charge. The column
'"Atom' contains the mass number A and the chemical symbol of the element.
The data for the "Atomic Mass' column were obtained in amu by summing A
with the calculated mass excesses. In the summation, steps were taken
to prevent the loss of the lowest significant figures of the sum. The
standard deviation given in brackets in this column corresponds to ci(u)
rounded to two figures if these figures represent a number not exceeding
25, or to one figure in other cases. The standard deviations are given
everywhere in units of the least significant figures of che relevant
result. The '"Mass Excess' column contains the results of the matching
process, expressed in keV. Since the transformation was achieved using
the coefficient in Eq. (3), the standard deviation for mass excesses was

calculated from the relationship

6; (u/K)=6,(u)/K ]/[6(1()/1(]2 + [@g(,u)//»i]T (12)
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In the "Binding Energy' column, the quantity presented is

Ebi(A’ 2) = Zuy + Nu_ - u(a, 2) (13)

H

where the binding energies are expressed in keV, My is the mass excess of

the hydrogen atom, and o is the neutron mass excess.

The '"Beta-Decay Energy'" column gives the value:
EF(A,Z)-ﬂ(A,Z)-_/L(A,Z+f). (14)

The positive value EB(A, Z) corresponds to the B -decay of the atom

(A, Z) into the atom (A, 2 + 1), and the negative value to the allowed
transicion of the atom (A, Z +1) to the atom (A, Z). This value could
not be calculated unless the atom (A, Z + 1) was included in the ACM
set, and in such cases no entry was made in this columm. The beta-decay

energies are expressed in keV.

The standard deviations for the last two columns were calculated
by the method of evaluating standard deviations for random variable

functions described, inter alia, in Ref. [8].

1f
E=B(py, fhyrees Jo, ) (15)

the standard deviation is

’ L L
dE 3E _-1\'2
6(E)=<Z —_— a...> . (16)
= jat Gui i
The values oi(E/K) were obtained from oi(E) according to an equation

similar to Eq. (12).
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17.920393
17,921798

TA, 91809
78,9183219

719,916503%%
719 ,918514])
19,916%76

80 ,916290

A1,916696
RL,.916804
RL,914448

F2,919115
A2,915175
R, 914134

Ry, 91RU6?
RE Ut6nh
Pi, 911807
Re 91ag4An
Ry, 913427

(15)
“n

(23)

€16)
(19)
H

(4)
(19)
(4)
(D)
“(mn

(6)

(10)
(20)

4)
(GRD)

(4)
(°4)

(@)
(24)
(7)

t3)

(4)
(1)
(4

(5)
(15)
(1)

(16)
(3)
(1)
(4
(1)

«~73039,4
*12174,9

73216,
-72296,5
«71526%, 2
60600

=13919
~lu6i,s
~732417
«70240
-65110

~71863
~72828 -
~717103%6,7
~74154
-67090

=1592¢6
~7160838,3

« 77177,
«75904,2
-778906

/7976

-77%94
-7r487
=4059])

75304
79015
~T4Y9A}

“759%%
=17760
-#2al)
~1917%82
=8n6ul

LLray

(16)

tee)
(1%
(1)
(300)

(3
(18)
(3)
(30)
(120)

(%
(9
(18
(4)y
(180)

(3
(22)

(24%)
(22}
(63

(3

(3)
(3
3

(S)
14y
(N

(1)
(30)
3
(3)
(4)

652975, 8
650929

bb16006
659904
662090
645100

669597
669508
667361
663570
657660

6763906
676578
640005
615558
667710

6bRH965
&B63U0

696nH8
694232
69542

10437%

712851
711964
714219

718669
121551
121744

727549
128380
742263
728801}
72R910

(24)
(3)

(3)

3)
)
(500)

(4)
()
(a)
(30)
(120)

(6)
(10)
(3
(%)
(180)

(a)
3

(3
3
(6)

3

1)
(%)
(4)

(%)
(1u)
(4)

(15)
(30)
(3
(4)
(4)

864,9

»919,7
2964,7

69% -
=136%
«30t0
=51%0

964
4209

«]JOKO
157

-1872,9
1997

«100
31093,4

L8670
96

110
4nln
~26A0
A9

(10)

(24)
(16)

ta)
3)
(30)
(120)

(10)
9)

{180)
(4q)

(19)
(6)

(q)
(1u4)

()
(14)

(30)
(30)
(3
{3)



LEEE T L L g PN Al L L ALl LI AL LRI Y LY ] ._Q.”.'._.Q?q-‘-’-.’.’q.’-.Q-'-?---.--.--.‘ epeasrevucOogeey

~ 7 Arom - Atomic mass, Mass excesses, Binding energy, Beta-decay

amu key keVy energy, keV
croaboe, ;---1---- thp-----pnﬁpﬁ.-ﬂonpgo,-qQﬂvpn‘qQQOQ?-p-’w-- LE X T AL AL L L LA LA hdld dd LA A E XY LR X XL L 2 J
49 36  USKR 84,912532 (4) 81477 (3 749389 (4) 6A7,3  (20)
4h 1y 8SKRA A4,911794 (3 r82)064 (5) 719289 (4) e10606 (1
47 £Y;) HR8R Ay ,912934 it 81098 (N 117436 (1
S0 16 86KR A%,91061% (5) ~852642 (4) 749230 (5) *519 ts)
49 37 86RA a5,911172 (3 «82743 {35 747934 ta) }7715,2 (19)
4h 3A b6SR A%, 909267 (N IR (3 T4hq24 (3)
51 1g HIKR R6,913359 (%) «80/06 (q4) 71547582 () 3897 (4)
50 33 HBIRA #6,909176 (3 ~8460}) (3 757866 (4) 272,3  (18)
49 1Y) HTSR f6,90RB4) (4 «BUBTS (3) 757356 (3) ~1861,3 (14)
uf 39 by 86,910481\ (3) »83014 (5 754713 (4) =36ty (9)
47 40 BI72R Ho,914818 (N *19389 (ny 150266 (9
42 34 HAKR 87,914452 (1s) «]9648 (14) 761805 (14) 2913 (14)
St 37 B8RARR H7,9111258 4) 82601 (42 1643935 5) 5316 (3)
50 LY HBSR A7.905618 (3) ~87917 (3) 768469 (4) w3621 (3)
a9 39 A8y 87,90950% (5) wBU4296 (4) To40bb (5)
91 3A 89SR AR _,907450 (4) ~86210 {4) 774834 (5) 1492 (3)
0 39 89y AR,L90%AuA (%) 8770} (3 775544 (4) ~2836,4  (22)
49  '4g . KR Al 90849} &%) ~BUBbO (N 771925 (4) 4243 (19)
48 4;  H9NA A0,413448  (20) ~80624 (19) 166900 (19)
51 39 90y £9,907152 (4) ~BhUAB () 782404 (4) 2283,1 (29)
50 40 9028 H9,90470} (3 «88771 {3) 743902 4)
54 40 91w 90,90%6139 (3) ~H7897 (3) 791099 (4) »§255% (s
50 41 9INM 90,906987 (4) ~Bobu2 (4) 78906} (4) 4440 (13

49 42  9wo 90,9117%4 (13 ~42202 (12) 7834139 (13



53
57
S1
50

53
52
51
50

5%
54
51
52

5%
54
53
52
St

Sé
54
52

57
56
55
54
53

56
58
54

57
Sk
55

5a
S6

92y

927R
92NA
92u0

9%2R
9INB
CR LT
9%7e

9ay

942R
94NA
94M0

952R
YSNB
9SMO
957C
A5RY

967R
6MN
96RU

977R
QTNR
QTN
QT1C
97RL

9HMQ
9871C
98RU

99mMn
91C
S9RY

'tonnd
jooru

91,908935
91,90503%
91,907188
91,906R07

92,904071
92,906375
92,90682
92,910240

93,911595
93,906313
93,907279

93,905044

 94,908019

94,9068333
94,905R83%87
94,907664
9y ,910u42

95,.,90827%
95,90u6772
95,907596

96,910949
96,908096.

96,9060198

96,906%6%
96,90755%

97,9054067
97,907247
97,9052A7

98 ,9077107
98,90625U0
98,90591%9

99,907a74
99 ,90u219

RESRA)

(3)
(33
(4)

M
(Y
(4)
(5)

(6)
(3)
3)
(3

(3
t23%)
(28

(8)
(13

(3
(23)

(N

(3
3)
(23)
(s
(10)

(2%
(%)

t7)

(23)
(24)
3

{(6)
(3)

~84827
~BAULO,5
»B6454U
-86809

-6,12233
-87212
86805
“83612

-B2349
87270
-86370
«8RUY4, T

~856h1)
-~86784,9
~87710,5
-Bh01 1
-B34sy

~HS444
-BAT93,4
-86074

=-829%91
-85609
»B7542,7
87223
-86115

-8A113,8
-B6U28
~8R22%

«85967,1%
*R71324,b
~87618;2

~86188
-89/70,0

(169
(25)
(3
ta)

(?S)
(3)
(a)
(9)

(6)
)
(3
(25)

(3)
(22)
(22)
(8)
{12y

{3
(21
(9)

(3)
(3)
(211
(?)
(9

(°1)
€9)
(6)

(?22)
(23)

- (20

(6)
(2a)y

796882
799734
7196945
796518

Bobub?
808774
8ous8q
800609

gfosua
RiU6B6
A13004
A1u26b

. B21149

A21490
B2163%
819151
R1SRO09

R29002
830787
R26504

ay4%81
A36US7T
Al7608
AY6506
CEY 3L

846250

Qa37R2

Byu197

As2176
A%2750
52262

R60A68
R61915

C1e)

u)
n
(4)

a)
(4)
D)
s)

(6)
(4)
(4)
(4)

tu)
&)
%)
(8)
(12)

ta)
(3)
(9)

{4}
(a)
(3)
5)
(9)

(3)
{(5)

7

(3)
(1)
(a)
(7)
(4)

3634
155

R9, 8
“408
~-3193

4920
-899,8
2004,5%

1128,5

925,6
~1699
«2560

265R8,1

1933,6

~320
«110HK

1686
1797

§§56,9
29%,6

(16)
an
(a)

(16)
(3)
(3)

(%)

(23)

(23

(?3)
(5?
(1)

(14)

(19)
(19}

(u)
(10)

(4)
(8)

(10)
(1y)
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~ 7 Atom © Atomic mass, Mass excesses, Binding energy, Beta-decay

amu keV keV energy, keV

rreoabew, FLARX EN L X LAY L L XL X XN EEY FY XY ¥ ¥ J .-.---?--...--.----- eeeoPewdgeravaereTdwe CE LR N L A A X2 X 3 J
S9 43 0iM0 100,910343 (7) 83515 (6) 865866 (7 2811 (24)
58 4y  q017C 100,907%} (3) 86326 (24) 867895 (24) 1625 (24)
57 44 {01Ry 100,905581 (1) »87952 (3 8687138 (4)

SH 44 1 02Ru 101,904348 (3 »89100 3 877958 (4) -2323 (6)
57 4s  1072Rk 101,906841 (1) -86777 (6) 870AS3 (7) 1149 (S)
S6 4p  102PN 101,905608 (T «87926 85 8752149 (7

59 4y 103RU  102,906322 (3 87261 (3) 884190 (4) 762 (3)
58 4§ {03RK 102,905504 (4) ~88023 (4) 884170 () =444 (8)
57 4o 10%PD 102,906088 (8) 87479 (1 842843 (8) ~2680 (50)
%6 47 10%aAR 102,90896 ) »084800 (50) 8793680 (50) ~4)80 (50)
“ 4f 103ch 102,913448 (1) «80624 (10 874423 (1)

60 4y  J04RY 103,905420 (5) »88102 (%) 893102 (5) 1150 (6)
9 45 | 04KH 103,906684 (4) -86982 (4y 894170 (s) 2452 (s)
HAH 4 104PD 103,904022 () ~89403 (3 892839 €4q)

61 4y §0SRU 104,907740 (5) «~85940 %) 099012 (5) 1918 (a)
60 45 | OSRM 104,905681 (4) »B7R59 (4) 900348 (s) 567 (3
59 44 -4 OSPD 104,90507 (3) ~88426 (3) 699933 (a) 1306 (9)
S8 4y |OSAG 104,90651 (10) ~870R0 (9) _A9T804 (9) -271139 (s)
57 4a 10SCD 104,909457 (1) vBa34) (10 Agu283 (10)

62  4a  |06RU 105,907315 (10) «86336 t9) 907479 (10) 19,4 (3N
61  4s  (0b6RH 105,907278 (10) - »B8637S (9 906736 (10) 3541 (9
60 44 06PD 105,90%3472 (8 )) #8991 83 909494 a) -2974 (4)
S8 47 (06AG 105,90666% (s) »B6941 sy 905737 (s) 193 (& D)
SR 4a  {06CD 10%,906u58 (6) +eB8713% (5) 905149 (6) _
61 4s' 107PD 106,905128 (%) “88377 (5) 916026 (6) 33 (1)

60 4y 10746 106,908089 a) =88410 (4) 9152177 (s)



h?
b1
a0

63

" h2

b
b0

]
63
62

63
62
61

bn
[s3a}
[
TR )
b

(1%}
(X1}
63
[

Hb
bs
64

t?
Hhb

HH
+7
bh

d4e
a1
4A

44
0y
4p
uq

44
Wy
4 p

4p
4q
So

Q¢
47
hp
Ha
S50

ap
46
80
91
HA

ug

up
da

ﬁn

un
HeG
50

108PD
108a06
tVACDh

!0990
1 09A0G
109¢h
109N

1lopp

1104aG
ftoce

- Cue

1cn
LI
154

p12en
1 124G
rece
120N
P25

RIS
PLAEN
IRELL
P ASH

fracn
RN
§luswe

PI5ED
191N
1 1HSA

IRGYEN
fingn
IRGAL

107,903893
107,905950
107,904189

108,905951
108,904782
108,904949
108,907122

109,905 71
109,906111
109,9030032

:10,9oanaoa
110,90507}
110,90773%1%

111.,907326
111,90701%

111,90275%69
111.908521
11],904814

112,904 398y
112,90u4045
112,90%164
112,909y

114,9048357)
t1s,90490)
113,9027723

114,90%414
114,903R%9
114,90 447%A

1S, %0u1539
LIS, 908244
115,49017 3R

(3)
{4)
(9)

(3
(3
(4)
(8)

«n
(%)
(24)

(2%)
(8)
(8)

(21)
3)
(22)
r7
%)

(21)
(1)
(4)
(3)

(19)
(3)
)

(%)
(4
(1)

(24)
(q)
(5)

89524
»876008
w9248

87607
~88723,%
«88540
~86516

~88314
~B7458,2
~90352,1

»89256,3
“BRU2L |
«85949

eBb326
rH6620
904582, 1\
-8R007
~HAbhb

-89053,0
~H93A2
~8A340
~H4450

~90023,0
-8858%
90847

“BAL07
~894559

.»9004)

-88121,9
~HB26H
~9153)

(3)
(4
(%)

()
{24y
(4)
(1)

(n
{24y
(22)

(24)
(8)
(7

(20)
(2h)
(20
()
(9

(20)
(3)
(4

{30

f18)
4
(3)

(4)
(4)
(9

{22)
(4
{4

92524%
922546

923408

941399
931734
930764
927962

Qu0197
938540
9404652

QulI62l
460149
942754

944332
CERTY
957024
9453667
953543

963566

963114
9612849
956620

9712608
970387
971548/

GI8764
9719429
9191 3%¢

AnTudy
G9R6AY S
98B0

(4)
(5)
(8)

(4)
(4)
(%)
(8)

(8)
(4)

(u4)

(4)
(8)
(4)
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(2%5)
(a)
(H)
(o)

(4)
(a1
(5)

(50)

(4)
(4)
(4)

(%)
(h)
(4)

(4)
(%)

(u)

~191¢6
tedy

116,17
183
2024

~875
2694,5

-A30
«~24 18

294
$9h 3
-257%
659

349
“1047-
3490

LR
19R2 .2

1aa7,8
uhe

444
263

(e
(4)

(19)
(3)
(1)

(1)
(18)

(8)
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(19)
{25}
(1)
(b)

(4)
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(10)

(1)
{25)

(24
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(9)
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~ 7 Arom Atomic mass, Mass excesses, Binding energy, Beta~decay

amu keV keV energy, keV

_—rrapbae g - oap® ------.‘..-.—,-’._,-“.”".‘9.-\.---_-.’--.‘--F..' .._.,q--.?-.--.-.-- (XX R XL ERL R LN L LD
69 4R 1 17CD I16,9017225 (14) 86420 (13 9931249 (14) 2524 (14)
68 49 171N 116,904511 (9) r8A949 (8) 994965 (9) 1454 (8)
67  Sn  {1ISh 116,902949 (3) «90404 (4) 995638 (4)

6B Sa  JUBSN  1)7,90160p ($) n9165H (3) 1004963 (4

69 S0 J19SH 118,903%006 (3 ~9007} (3 1011444 (4)

70 Sn - J203N 119,902195 (3 ~91405 (4 10204494 (4) -26H1 (7
69 91 12088 119,90507% (8) ~B8425 (8) 1017090 (4) 9S4 (20)
68 52 |20TF 119,90405? (20) r89376 (19) 1017259 (19) ‘
12 49 f21IA 120,907A62 (24) -85H20 (22) 1024128 (22) 3579 (22)
70 Sao 218N 120,904215 (3] r8920% (3 1026725 (%) 86,0  (25)
70 S1  121sR 120,903A82) (1) 8959 (3) 1026329 (5) ~l066 (14)
6q 52 121TF 120,904964 (16) ~BRS26 (15) 102448 (15) -2261 (22)
6A ST 1211 120,907394 (21 86259 (19 1021431 (19)

12 S0 j22sw 121.903437 (4)  «89949 (41 1035540 s) ~1623 (3)
71 St 1228K 121,905179 (4) ~HB326 (3 10331135 (%) 1981 (4)
10 %2 122TF 121.90304% (5) -9013107 (4 1034333 (5)

74 49 123N 122,91044 8 83421 (24)y 1037866 (24) 4403 (24)
713 %0  123SN 122,905714 (4) ~B7824 (4) 1041486 (%) 1396 (4)
12 S) 123s8 122,904219  (4) *49220 (%) (042100 (5) =82,%  (2%)
711 52 12371F 122,904276 (a) ~89167 (4) 1041265 (%) =1230 (4)
10 5% 1231 122,9059596 (6) ~07938 (5) 1039253 (6)

T4 So 1248N 123,905264 (s) ~HA243 (5 10499706 (0) “627 (5
73 51 |248A 123,905942 (4) ~87616 (3) 1048567 (%) 2904,9 (18]
12 52 jd4TF 123,902821 (4) «90520 (4) 1040689 (%)

70 S4  {2uxF 123,90612 (1) ~87450 (140) 1046050 (140)



715  Sa  1258N 124,907779 (6) ~85904 C3) 1055709 (6) 2348 (&)

14 5y 12588 120,90525R (5) ~AR253 ta) 1057275 (s) 766,8 (20)
1% S» 12S7F 124,90u4134 ey 89019 (a) 1057260 (s5) ~177,8 (18)
1? Sy §1est 120,904625 (q) -868842 (a) 1056300 (s)
18 S»  j26TF 125,903310 (a) “90067 (uy 1066379 (5) “2156 (s)
1A} Sy 1261 125,905624 (7) =87911 (6) 106344} B EA)
15 5> {27171F 176,905222 ts) -882R6 sy 1072669 (6) 696 (4)
74 Sy {271 126,90007S (5) ~H8A9R Y (4) 1072582 (%)
16 5> (2RTF 127,90446% (4) . =8899} (4) 1088447 {s) ~1257 (s5)
1% S3  {2A1 127,905%813 ts) -87716 {4y 1079408 (%) 2125 (4)
11 Sy | 2AXF 127,903853n8 “un ~B9RGY,2 (16) 1080751 (a)
78 Sy 129s8B 178,909146 (2%) - wBU61Y (22) 1085939 (22) 2317 (?1)
17 50 129T1F 128,90659% (s5) ~87007 (4 1087533 ta) 1494 (4)
16 St 1291 128,904986 (S) «H8505 . (4) 1088249 (6) 192 (4)
15 So  129XF 12R,9047801 (21) -8R697,5 (20 - 10R7659 (q)
1A 53 130TF 129,906228 (5) ~87349 (5) 1095946 (6)
16 Sqg 130XE 129,9035095 arn ~898R),1  (16) 1096914 (a) «3020 ()
15 55 §350CS 129,906752 (12) ~BHB6H) (11 1093111 (11) aay (a)
74 5¢ 130RA 179,90627A (11) «B87302 (1 1092770, (1)
79 Sp 1 3MTF 130,908%3% (s) -85202 (5) 11018718 te) 2250 (6)
78 5% 1311 130,906117 (S) ~87452 (sS) 1103338 (6) 970,8 (6)
17 Sy 131x%E 130,90507% €s) ~8842% (s) 1103527 (6) «3153 (6)
76 55 §31CS 130,9054%4 (a) -HA070 7 1102591 (H) -1 454 (13)
15 S 1318A 130,906917 (149 “B6T712 (13 1100258 (13)
TR Sa (32xF 131,904147 (5) -89287 (59 1112463 (o) =2109 €23)
17 55 {32CS 131,906011 (2a) -A7178 (23) 1109571 (23) 1278 (24)
16 56 132RA 1%1,905Q39 10y ~8RUSS t9) 1110067 (10)
18 55 133csS 132,.905427 (A ~8R09% t7) 1118560 (R) -521 (1)
17 Se  13%pA 132,905985% (8) ~H757S ey 1117257 (9)
AO Sq 1 34xF 133,905139% (8 ~8R125 (17 1127443 (8) -1209 (10)
19 S5 t134C5 133,906693% (8) -86915 (1Y 1125491 (R) 2058,5% (4)
78 S& 13und 133,900484 (8) ~8R974 (1 11267217 (8)
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LY

7

a2
81
aa
19

Ho
Ho
18

83

a2
8y

872
ai
a0

#3
b2

a3

a2
8

a3
A2
81
80
79

Arom

[ R AL B AL L AL T Y Y LYl T L L LY Y R YRR L R R X ]

1351

1 I5xF
135CS
135484

1 36xF
RILL
t36CF

V3TXE

137cs
13784

14814
1381.a
1 SHCE

13904
v|59LA

TTINY

40CF
140PR

t41cF
141PR
141nP

S juipe

a1 5.

Atomic mass,

ainu

134,91004

134,907126
134,905881
134,9056061

1315,907219
139,904549
135,90713

130,9115062
136,907067
136,905407

137,905227
137,90710%
137,905985

lls;qouaaa
138,9063%44

139,909408
139,905431
139,909066

Ja0 ,90826A
140, 907648
140,9095892
140,91358
J40,918473

(13

(3)
(12)
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202,972345
202,973391
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204,974422
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204,971389
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(17}
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(10)
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{4)
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3
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N
(8)
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1573160
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1610760
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(S)
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(6)
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1363
46
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126 a8
127 8z .
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206TL
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207PA
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209RN
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210pP0

ajirn
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212PR
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205,974468
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207 ,976649

.
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208,99015
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209,984121
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211,9918A8
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(12)
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(4)
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(12)
n

v22258
v21786
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(4)
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(6)
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(4)
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1an Ko D2HKA 228,0%1070 (5) 2894 9 1742480 (7 45,6 (10}
139 Ra  DP2RAC 2P8,031021 (5) 2RH96 (5) 174175v (7 P11y 7
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140 91 231Pa 231.035A8) t$ $3429 4} 1759487} (6)

142 90 2327H 212,0180544 (25) 35448, ey 176670} (6) ‘
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2U1AM
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243CM
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243,062000
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(24)

(24)
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50124,2
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61899
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68098
67200
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1835861
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1864037
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