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• The intrinsic shape of the nuclear states is not a direct observable, but... 

• Intrinsic nuclear shapes can be inferred from the experimental data (energies and 
electromagnetic moments and transitions) by comparison with the predictions given by 
geometrical (simple) models. 

P. Ring and P. Schuck, The Nuclear Many-Body Problem 

Introduction
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Positive and negative parity interleaved bands 
as rotational states of octupole shapes

• The intrinsic shape of the nuclear states is not a direct observable, but... 

• Intrinsic nuclear shapes can be inferred from the experimental data (energies and 
electromagnetic moments and transitions) by comparison with the predictions given by 
geometrical (simple) models. 

Introduction

P. A. Butler, W. Nazarewicz, Rev. Mod. Phys. 68, 349 (1996)

experimental features: shell-corrected liquid-drop models10,11, mean-field
approaches using various interactions12–16, models that assume a-
particle clustering in the nucleus17,18, algebraic models19 and other semi-
phenomenological approaches20. A broad overview of the experimental
and theoretical evidence for octupole correlations is given in ref. 21.

In order to determine the shape of nuclei, the rotational model can
be used to connect the intrinsic deformation, which is not directly

observable, to the electric charge moments that arise from the non-
spherical charge distribution. For quadrupole deformed nuclei, the
typical experimental observables are the electric-quadrupole (E2)
transition moments that are related to the matrix elements connecting
differing members of rotational bands in these nuclei, and E2 static
moments that are related to diagonal matrix elements for a single state.
If the nucleus does not change its shape under rotation, both types
of moments will vary with angular momentum but can be related to a
constant ‘intrinsic’ moment that characterizes the shape of the nucleus.
For pear-shaped nuclei, there will be additionally E1 and electric-
octupole (E3) transition moments that connect rotational states having
opposite parity. The E1 transitions can be enhanced because of the sepa-
ration of the centre-of-mass and centre-of-charge. The absolute values
of the E1 moments are, however, small (,1022 single particle units)
and are dominated by single-particle and cancellation effects9. In con-
trast, the E3 transition moment is collective in behaviour (.10 single
particle units) and is insensitive to single-particle effects, as it is gene-
rated by coherent contributions arising from the quadrupole-octupole
shape. The E3 moment is therefore an observable that should provide
direct evidence for enhanced octupole correlations and, for deformed
nuclei, can be related to the intrinsic octupole deformation parameters22.
Until the present measurements, E3 transition moments have been
determined for only one nucleus in the Z < 88, N < 134 region, 226Ra
(ref. 23), so that theoretical calculations of E3 moments in reflection-
asymmetric nuclei have not yet been subject to detailed scrutiny.

Experiments and discussion
Coulomb excitation is an important tool for exploring the collective
behaviour of deformed nuclei that gives rise to strong enhancement
of the probability of transitions between states. Traditionally, this
technique has been employed by exciting targets of stable nuclei with
accelerated ion beams of stable nuclei at energies below the Coulomb
barrier, ensuring that the interaction is purely electromagnetic in
character. Whereas E2, E1 and magnetic dipole (M1) transition pro-
babilities dominate in the electromagnetic decay of nuclear states, and
hence can be determined from measurements of the lifetimes of the
states, E2 and E3 transition moments dominate the Coulomb excita-
tion process allowing these moments to be determined from measure-
ment of the cross-sections of the states, often inferred from the c-rays
that de-excite these levels. In exceptional cases, the Coulomb excita-
tion technique has been applied to radioactive targets like 226Ra,
which is sufficiently long-lived (half-life 1,600 yr) to produce a mac-
roscopic sample. It is only comparatively recently that the technique
has been extended to the use of accelerated beams of radioactive nuclei
such as those from the Radioactive beam EXperimental facility at
ISOLDE, CERN (REX-ISOLDE24). In the experiments described here,
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Figure 1 | Representative c-ray spectra following the bombardment of
2 mg cm22 60Ni and 120Sn targets by 220Rn and 224Ra. a, 60Ni (blue) and 120Sn
(red) bombarded by 220Rn; b, targets as a but with bombardment by 224Ra. The
differences in excitation cross-section for the targets with different Z are
apparent for the higher spin states. The c-rays are corrected for Doppler shift
assuming that they are emitted from the scattered projectile. The asterisk in
a marks an unassigned, 836(2) keV transition. A state at 937.8(8) keV is
assigned Ip 5 21 on the basis of its excitation and decay properties; it is
assumed to be the bandhead of the c-band in 220Rn.
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Figure 2 | Partial level-schemes for 220Rn and 224Ra, showing the excited
states of interest for this work. a, 220Rn; b, 224Ra. Arrows indicate knownc-ray
transitions. All energies are in keV (upright font refers to transition energies,

italic font refers to state energies) and spins in units of B. Note that the level at
938 keV in 220Rn is observed for the first time in this work.
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axial quadrupole shapes P. A. Butler, W. Nazarewicz, Rev. Mod. Phys. 68, 349 (1996)

• Collective models are based on the parametrization of the nuclear radius with 
a multipole expansion

Introduction



INT 23-1a Program | Nuclear shapes from self-consistent mean-field and beyond approaches: deforma@on of A=96 isobars | Tomás R. Rodríguez

axial quadrupole shapes P. A. Butler, W. Nazarewicz, Rev. Mod. Phys. 68, 349 (1996)

 Can we provide a microscopic description of these 
collective phenomena?

Introduction
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Let us assume that we know the nuclear interaction. Exact nuclear wave functions 
and energies cannot be obtained in general because of:

a) the exploding dimensionality of the many-body Hilbert space

b) the huge amount of two-, three- (eventually, N-) body matrix 
elements that are impossible to store

Some of the most widely used solutions to attack these problems:

• Valence-space (Shell Model) calculations with 
phenomenological (or normal-ordered, SRG evolved) two-body 
Hamiltonians 

• Approximate methods (variational) with phenomenological 
interactions (or energy density functionals) 

Introduction

??
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• Valence-space (Shell Model) calculations with phenomenological 
(or normal-ordered, SRG evolved) two-body Hamiltonians 

Full diagonalization of the adapted Hamiltonian within 
a valence space 

Ĥv.s.| n
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Wave functions are linear combinations of Slater 
determinants written in terms of occupations of spherical 
orbits

|�1i = |�2i = |�3i = …
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Full diagonalization of the adapted Hamiltonian within 
a valence space 
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k2 v.s.

Cn
k |�ki

Wave functions are linear combinations of Slater 
determinants written in terms of occupations of spherical 
orbits

|�1i = |�2i = |�3i = …

Nuclear wave functions are linear combinations of Slater determinants written in terms of 
occupations of spherical orbits

Introduction
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Let us assume that we know the nuclear interaction. Exact nuclear wave functions 
and energies cannot be obtained in general because of:

a) the exploding dimensionality of the many-body Hilbert space

b) the huge amount of two-, three- (eventually, N-) body matrix 
elements that are impossible to store

Some of the most widely used solutions to attack these problems:

• Valence-space (Shell Model) calculations with 
phenomenological (or normal-ordered, SRG evolved) two-body 
Hamiltonians 

• Approximate methods (variational) with phenomenological 
interactions (or energy density functionals) 

Introduction
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Introduction

• Approximate methods (variational) with phenomenological 
interactions (or energy density functionals) 

| i

| 1i E1 = h 1|Ĥ| 1i
E2 = h 2|Ĥ| 2i

Emin = h min|Ĥ| mini

hĤi
| 2i| mini

Variational approach to the exact solution

Variational space of trial 
wave functions

Hamiltonian machine
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• Approximate methods (variational) with phenomenological 
interactions (or energy density functionals) 

Mean field approach Beyond mean field 
approach

X

q

f(q)|HFB(q)i

|HFBi
|HFi

| i
Full Variational space of trial wave functions Hartree-Fock HF-Bogoliubov Configuration Mixing

Variational spaces

Introduction
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We use the variational method to find an approximate solution to the many-
body problem defined by the Hamiltonian (non-relativistic, two-body):

Ĥ =
X

ab

tabc
†
acb +

1

4

X

abcd

v̄abcdc
†
ac

†
bcdcc

where c†a|�i ⌘ |ai ; h~rst|ai = �a(~r)�1/2,msa
�1/2,mta

are single-particle states

{ca, cb} = {c†a, c
†
b} = 0; {c†a, cb} = �ab (Fermions)

tab = ha|T̂ |bi  one-body single-particle matrix elements of the kinetic energy

v̄abcd = hab|V̂ |cdi � hab|V̂ |dci  two-body matrix elements of the interaction

Self-consistent mean-field: HFB
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We use the variational method to find an approximate solution to the many-
body problem defined by the Hamiltonian (non-relativistic, two-body):

Ĥ =
X

ab

tabc
†
acb +

1

4

X

abcd

v̄abcdc
†
ac

†
bcdcc

We define a set of generalized product-like wave functions          which are 
vacua of certain quasiparticle operators

{|�i}

|�i =
Y

q

�q|�i

�†,�

The quasiparticle operators are defined as (HFB transformation):

�†
k =

X

l

Ulkc
†
l + Vlkcl

variational parameters

with {�k,�l} = {�†
k,�

†
l } = 0; {�†

k,�l} = �kl

and W =

✓
U V ⇤

V U⇤

◆
;W †W = I

Self-consistent mean-field: HFB
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We want to find the parameters (U,V), or equivalently, the one-body density matrix and 
pairing tensor that minimize the HFB energy.

Hartree-Fock-Bogoliubov equations

�†
k =

X

l

Ulkc
†
l + Vlkcl

However, the HFB transformation mixes creation and annihilation single-particle operators. 
Hence, the particle number symmetry can be broken by the HFB wave function

Therefore, instead of minimizing the HFB energy, constraints on the number of particles are 
introduced through Lagrange multipliers:

�E0
HFB

[|�i] = 0 with E
0
HFB

[|�i] = h�|Ĥ � �N N̂ � �ZẐ|�i

�k|�i = 0

�N ! h�|N̂ |�i = N

�Z ! h�|Ẑ|�i = Z

-

-

- Lagrange multiplier for protons 

Lagrange multiplier for neutrons 

trial wave functions are quasiparticle vacua

Self-consistent mean-field: HFB
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Constrained Hartree-Fock-Bogoliubov equations

�†
k =

X

l

Ulkc
†
l + Vlkcl

We can generalize the introduction of constraints in the HFB calculations to study not only 
one single solution but an energy landscape

Therefore, we now minimize:

with

-

-

- Lagrange multiplier for protons 

Lagrange multiplier for neutrons 

trial wave functions are quasiparticle vacua

E
0
HFB

[|�(~q)i] = h�(~q)|Ĥ � �N N̂ � �ZẐ � ~�~q · ~̂Q|�(~q)i�E0
HFB

[|�(~q)i] = 0

�k(~q)|�(~q)i = 0

�N ! h�(~q)|N̂ |�(~q)i = N

�Z ! h�(~q)|Ẑ|�(~q)i = Z

~�~q ! h�(~q)| ~̂Q|�(~q)i = ~q- Lagrange multipliers for collective coordinates

Self-consistent mean-field: HFB
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Example: 144Ba axial calculations
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Example: 144Ba axial calculations
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EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

β2

𝛾⤴

(deg)

(MeV)

Z = 48
N = 50
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1
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Cd

5.3×10 -9%
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2
8

18
18

2

321.07°
767°

+2
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In
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114.818

2
8
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3
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18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

0

2

4

6

8

10

0

10

20

30
40

50
60

0 0.2 0.4 0.6
 

0

0.2

0.4

0.6

β2

𝛾⤴

(deg)

(MeV)

Z = 48
N = 56



INT 23-1a Program | Nuclear shapes from self-consistent mean-field and beyond approaches: deforma@on of A=96 isobars | Tomás R. Rodríguez

PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°
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Nd
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2
8
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8
2
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
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+3
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Nd

2.70×10 -9%
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2
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18
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8
2
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3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3
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127.60

2
8

18
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6

449.51°
988°

+4+6-2

 53
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2.9×10 -9%
126.90447

2
8

18
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7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
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8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2
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La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3
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Ce

3.70×10 -9%
140.116

2
8
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19

9
2
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Pr

5.44×10-10%
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2
8

18
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8
2
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Nd
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144.24

2
8
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8
2

1021°
3074°
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4
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Pr

5.44×10-10%
140.90765

2
8

18
21

8
2
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+3
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Nd

2.70×10 -9%
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2
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18
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8
2
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3074°
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

0

2

4

6

8

10

0

10

20

30
40

50
60

0 0.2 0.4 0.6
 

0

0.2

0.4

0.6

β2

𝛾⤴

(deg)

(MeV)

Z = 48
N = 78



INT 23-1a Program | Nuclear shapes from self-consistent mean-field and beyond approaches: deforma@on of A=96 isobars | Tomás R. Rodríguez

PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3
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PN-VAP energy surfaces

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
(7/2)+
14.2 m

β-

Ce143
3/2-

33.039 h

β-

Pr143
7/2+

13.57 d

β-

I144

Xe144
0+

1.15 s

β-

Cs144
1

1.01 s

β-n
*

Ba144
0+

11.5 s

β-n

La144
(3-)

40.8 s

β-

Ce144
0+

284.893 d

β-

Pr144
0-

17.28 m

β-
*

Xe145
0.9 s

β-n

Cs145
3/2+

0.594 s

β-n

Ba145
5/2-

4.31 s

β-

La145
(5/2+)
24.8 s

β-

Ce145
(3/2)-

3.01 m

β-

Pr145
7/2+

5.984 h

β-

Xe146
0+

β-

Cs146
1-

0.343 s

β-n

Ba146
0+

2.22 s

β-

La146
2-

6.27 s

β-
*

Ce146
0+

13.52 m

β-

Pr146
(2)-

24.15 m

β-

Xe147

Cs147
(3/2+)
0.225 s

β-n

Ba147
(3/2+)
0.893 s

β-n

La147
(5/2+)
4.015 s

β-n

Ce147
(5/2-)
56.4 s

β-

Pr147
(3/2+)
13.4 m

β-

Nd147
5/2-

10.98 d

β-

Cs148
158 ms

β-n

Ba148
0+

0.607 s

β-n

La148
(2-)

1.05 s

β-n

Ce148
0+

56 s

β-

Pr148
1-

2.27 m

β-
*

Cs149

Ba149
0.344 s

β-n

La149
1.05 s

β-n

Ce149
(3/2-)
5.3 s

β-

Pr149
(5/2+)
2.26 m

β-

Nd149
5/2-

1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-

Ba152
0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
1587°

+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
18

6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
18

7

113.7°
184.4°

546°
+1+5+7-1

 54
Xe

1.5×10 -8%
131.29

2
8

18
18

8

-111.75°
-108.04°

16.58°
0

 55
Cs

1.21×10 -9%
132.90545

2
8

18
18

8
1

28.44°
671°

+1

 56
Ba

1.46×10 -8%
137.327

2
8

18
18

8
2

727°
1897°

+2

 57
La

1.45×10 -9%
138.9055

2
8

18
18

9
2

918°
3464°

+3

 58
Ce

3.70×10 -9%
140.116

2
8

18
19

9
2

798°
3443°

+3+4

 59
Pr

5.44×10-10%
140.90765

2
8

18
21

8
2

931°
3520°

+3

 60
Nd

2.70×10 -9%
144.24

2
8

18
22

8
2

1021°
3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=45-60 Part 1 of 3

Rh94
(3+)

70.6 s

ECp
*

Pd94
0+

9.0 s

EC

Ag94
0+

10 ms

EC
*

Rh95
(9/2)+
5.02 m

EC
*

Pd95

*

Ag95
2.0 s

ECp

Rh96
6+

9.90 m

EC
*

Pd96
0+

122 s

EC

Ag96
(8+,9+)

5.1 s

ECp

Cd96
0+

Rh97
(9/2)+
30.7 m

EC
*

Pd97
(5/2+)
3.10 m

EC

Ag97
(9/2+)
19 s

EC

Cd97
3 s

ECp

Rh98
(2)+

8.7 m

EC
*

Pd98
0+

17.7 m

EC

Ag98
(5+)

46.7 s

EC

Cd98
0+

9.2 s

EC

In98

Rh99
1/2-

16.1 d

EC
*

Pd99
(5/2)+
21.4 m

EC

Ag99
(9/2)+
124 s

EC
*

Cd99
(5/2+)
16 s

ECp,ECα,...

In99

Rh100
1-

20.8 h

EC
*

Pd100
0+

3.63 d

EC

Ag100
(5)+

2.01 m

EC
*

Cd100
0+

49.1 s

EC

In100
6.1 s

ECp

Sn100
0+

0.94 s

ECp

Rh101
1/2-
3.3 y

EC
*

Pd101
(5/2+)
8.47 h

EC

Ag101
9/2+

11.1 m

EC
*

Cd101
(5/2+)
1.2 m

EC

In101
16 s

ECp

Sn101
3 s

ECp

Rh102
(1-,2-)
207 d

EC,β-
*

Ag102
5+

12.9 m

EC
*

Cd102
0+

5.5 m

EC

In102
(5)
24 s

EC

Sn102
0+

4.5 s

EC

*

Pd103
5/2+

16.991 d

EC

Ag103
7/2+

65.7 m

EC
*

Cd103
(5/2+)
7.3 m

EC

In103
(9/2+)
65 s

EC

Sn103
7 s

EC

Sb103

Rh104
1+

42.3 s

EC,β-
*

Ag104
5+

69.2 m

EC
*

Cd104
0+

57.7 m

EC

In104
(6+)

1.8 m

EC
*

Sn104
0+

20.8 s

EC

Sb104
0.44 s

p,ECp,...

Rh105
7/2+

35.36 h

β-
*

Ag105
1/2-

41.29 d

EC
*

Cd105
5/2+

55.5 m

EC

In105
(9/2)+
5.07 m

EC
*

Sn105
31 s

ECp

Sb105
1.12 s

EC,p

Rh106
1+

29.80 s

β-
*

Ag106
1+

23.96 m

EC,β-
*

In106
7+

6.2 m

EC
*

Sn106
0+

115 s

EC

Sb106
(4+)

Te106
0+

60 Us

α

Rh107
7/2+

21.7 m

β-

Pd107
5/2+

6.5E+6 y

β-
*

*

Cd107
5/2+

6.50 h

EC

In107
9/2+

32.4 m

EC
*

Sn107
(5/2+)
2.90 m

EC

Sb107
(5/2+)

Te107
3.1 ms

EC,α

Rh108
(5+)

6.0 m

β-
*

Ag108
1+

2.37 m

EC,β-
*

In108
7+

58.0 m

EC
*

Sn108
0+

10.30 m

EC

Sb108
(4+)
7.0 s

ECp

Te108
0+

2.1 s

EC,α

I108
36 ms

α

Rh109
7/2+
80 s

β-

Pd109
5/2+

13.7012 h

β-
*

*

Cd109
5/2+

462.6 d

EC

In109
9/2+
4.2 h

EC
*

Sn109
5/2(+)
18.0 m

EC

Sb109
(5/2+)
17.0 s

EC

Te109
4.6 s

α,ECp,...

I109
100 Us

p

Rh110
1+

3.2 s

β-
*

Ag110
1+

24.6 s

EC,β-
*

In110
7+

4.9 h

EC
*

Sn110
0+

4.11 h

EC

Sb110
3+

23.0 s

EC

Te110
0+

18.6 s

EC,α

I110
0.65 s

α,ECp,...

Xe110
0+

0.2 s

EC,α

Rh111
(7/2+)
11 s

β-

Pd111
5/2+

23.4 m

β-
*

Ag111
1/2-

7.45 d

β-
*

*

In111
9/2+

2.8047 d

EC
*

Sn111
7/2+

35.3 m

EC

Sb111
(5/2+)
75 s

EC

Te111
19.3 s

ECp

I111
(5/2+)
2.5 s

EC,α

Xe111
0.74 s

EC,α

Rh112
1+

2.1 s

β-
*

Pd112
0+

21.03 h

β-

Ag112
2(-)

3.130 h

β-

In112
1+

14.97 m

EC,β-
*

Sb112
3+

51.4 s

EC

Te112
0+

2.0 m

EC

I112
3.42 s

EC,α

Xe112
0+

2.7 s

EC,α

Cs112
500 Us

p

Rh113
2.80 s

β-

Pd113
(5/2)+
93 s

β-
*

Ag113
1/2-

5.37 h

β-
*

*

*

Sn113
1/2+

115.09 d

EC
*

Sb113
5/2+

6.67 m

EC

Te113
(7/2+)
1.7 m

EC

I113
6.6 s

α,ECα,...

Xe113
2.74 s

α,ECp,...

Cs113
17 Us

p

Rh114
1+

1.85 s

β-
*

Pd114
0+

2.42 m

β-

Ag114
1+

4.6 s

β-
*

In114
1+

71.9 s

EC,β-
*

Sb114
3+

3.49 m

EC

Te114
0+

15.2 m

EC

I114
1+

2.1 s

ECp
*

Xe114
0+

10.0 s

EC

Cs114
(1+)

0.57 s

α,ECp,...

Ba114
0+

0.43 s

EC,α

Rh115
(7/2+)
0.99 s

β-

Pd115
(5/2+)
25 s

β-
*

Ag115
1/2-

20.0 m

β-
*

Cd115
1/2+

53.46 h

β-
*

*

Sb115
5/2+

32.1 m

EC

Te115
7/2+
5.8 m

EC
*

I115
(5/2+)
1.3 m

EC

Xe115
(5/2+)
18 s

ECp,ECα,...

Cs115
1.4 s

ECp

Ba115
0.4 s

EC

Rh116
1+

0.68 s

β-
*

Pd116
0+

11.8 s

β-

Ag116
(2)-

2.68 m

β-
*

In116
1+

14.10 s

EC,β-
*

Sb116
3+

15.8 m

EC
*

Te116
0+

2.49 h

EC

I116
1+

2.91 s

EC
*

Xe116
0+

59 s

EC

Cs116
>4+

3.84 s

ECp,ECα,...
*

Ba116
0+

0.3 s

EC

Rh117
(7/2+)
0.44 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Cd117
1/2+

2.49 h

β-
*

In117
9/2+

43.2 m

β-
*

*

Sb117
5/2+

2.80 h

EC

Te117
1/2+
62 m

EC
*

I117
(5/2)+
2.22 m

EC

Xe117
5/2(+)
61 s

ECp

Cs117
(9/2+)
8.4 s

EC
*

Ba117
(3/2)
1.75 s

ECp,ECα,...

La117

Rh118

Pd118
0+

1.9 s

β-

Ag118
(1)-

3.76 s

β-
*

Cd118
0+

50.3 m

β-

In118
1+

5.0 s

β-
*

Sb118
1+

3.6 m

EC
*

Te118
0+

6.00 d

EC

I118
2-

13.7 m

EC
*

Xe118
0+

3.8 m

EC

Cs118
2

14 s

ECp,ECα,...
*

Ba118
0+

5.5 s

EC

La118

Rh119

Pd119
0.92 s

β-

Ag119
(7/2+)
2.1 s

β-
*

Cd119
3/2+

2.69 m

β-
*

In119
9/2+
2.4 m

β-
*

*

Sb119
5/2+

38.19 h

EC
*

Te119
1/2+

16.03 h

EC
*

I119
5/2+

19.1 m

EC

Xe119
(5/2+)
5.8 m

EC

Cs119
9/2+

43.0 s

EC
*

Ba119
(5/2+)
5.4 s

ECp

La119

Ce119

Rh120

Pd120
0+

0.5 s

β-

Ag120
(3+)

1.23 s

β-
*

Cd120
0+

50.80 s

β-

In120
1+

3.08 s

β-
*

Sb120
1+

15.89 m

EC
*

I120
2-

81.0 m

EC
*

Xe120
0+

40 m

EC

Cs120
2

64 s

EC
*

Ba120
0+

32 s

EC

La120
2.8 s

EC

Ce120
0+

Rh121

Pd121

Ag121
(7/2+)
0.78 s

β-n

Cd121
(3/2+)
13.5 s

β-
*

In121
9/2+

23.1 s

β-
*

Sn121
3/2+

27.06 h

β-
*

Te121
1/2+

16.78 d

EC
*

I121
5/2+

2.12 h

EC

Xe121
5/2(+)
40.1 m

EC

Cs121
3/2(+)
155 s

EC
*

Ba121
5/2(+)
29.7 s

ECp

La121
5.3 s

ECp

Ce121

Pr121
1.4 s

ECp

Pd122
0+

Ag122
(3+)

0.48 s

β-n
*

Cd122
0+

5.24 s

β-

In122
1+

1.5 s

β-
*

Sb122
2-

2.7238 d

EC,β-
*

I122
1+

3.63 m

EC
*

Xe122
0+

20.1 h

EC

Cs122
1+

21.0 s

EC
*

Ba122
0+

1.95 m

EC

La122
8.7 s

ECp

Ce122

Pr122

Pd123

Ag123
(7/2+)
0.309 s

β-n

Cd123
(3/2)+
2.10 s

β-
*

In123
9/2+

5.98 s

β-
*

Sn123
11/2-

129.2 d

β-
*

*

I123
5/2+

13.27 h

EC

Xe123
(1/2)+
2.08 h

EC

Cs123
1/2+

5.94 m

EC
*

Ba123
5/2+
2.7 m

EC

La123
17 s

EC

Ce123
(5/2)
3.2 s

ECp

Pr123

Ag124
0.172 s

β-n

Cd124
0+

1.25 s

β-

In124
3+

3.11 s

β-
*

Sb124
3-

60.20 d

β-
*

I124
2-

4.1760 d

EC

Cs124
1+

30.8 s

EC
*

Ba124
0+

11.0 m

EC

La124
29 s

EC
*

Ce124
0+
6 s

EC

Pr124
1.2 s

ECp

Ag125
166 ms

β-

Cd125
(3/2+)
0.65 s

β-
*

In125
9/2(+)
2.36 s

β-
*

Sn125
11/2-
9.64 d

β-
*

Sb125
7/2+

2.7582 y

β-

*

I125
5/2+

59.408 d

EC

Xe125
(1/2)+
16.9 h

EC
*

Cs125
(1/2+)
45 m

EC

Ba125
1/2(+)
3.5 m

EC

La125
(11/2-)

76 s

EC

Ce125
(5/2+)
9.0 s

ECp

Pr125
3.3 s

EC

Ag126
107 ms

β-

Cd126
0+

0.506 s

β-

In126
3(+)

1.60 s

β-
*

Sn126
0+

1E+5 y

β-

Sb126
(8)-

12.46 d

β-
*

I126
2-

13.11 d

EC,β-

Cs126
1+

1.64 m

EC

Ba126
0+

100 m

EC

La126
54 s

EC

Ce126
0+

50 s

EC

Pr126
(3,4,5)
3.14 s

ECp

Nd126

Ag127
109 ms

β-

Cd127
(3/2+)
0.37 s

β-

In127
(9/2+)
1.09 s

β-n
*

Sn127
(11/2-)
2.10 h

β-
*

Sb127
7/2+

3.85 d

β-

Te127
3/2+

9.35 h

β-
*

Xe127
1/2+

36.4 d

EC
*

Cs127
1/2+

6.25 h

EC

Ba127
1/2+

12.7 m

EC
*

La127
(11/2-)
5.1 m

EC
*

Ce127
(5/2+)
31 s

EC

Pr127
(11/2-)
4.2 s

EC

Nd127
1.8 s

ECp

Cd128
0+

0.34 s

β-

In128
(3+)

0.84 s

β-n
*

Sn128
0+

59.07 m

β-
*

Sb128
8-

9.01 h

β-
*

I128
1+

24.99 m

EC,β-

Cs128
1+

3.66 m

EC

Ba128
0+

2.43 d

EC

La128
4-,5-
5.0 m

EC

Ce128
0+
6 s

EC

Pr128
4,5,6
3.1 s

ECp

Nd128
0+
4 s

ECp

Cd129
(3/2+)
0.27 s

β-

In129
(9/2+)
0.61 s

β-n
*

Sn129
(3/2+)
2.23 m

β-
*

Sb129
7/2+

4.40 h

β-
*

Te129
3/2+

69.6 m

β-
*

I129
7/2+

1.57E7 y

β-

*

Cs129
1/2+

32.06 h

EC

Ba129
1/2+

2.23 h

EC
*

La129
3/2+

11.6 m

EC
*

Ce129
5/2+
3.5 m

EC

Pr129
(11/2-)

30 s

EC

Nd129
(5/2+)
4.9 s

ECp

Cd130
0+

0.20 s

β-n

In130
1(-)

0.32 s

β-n
*

Sn130
0+

3.72 m

β-
*

Sb130
(8-)

39.5 m

β-
*

I130
5+

12.36 h

β-
*

Cs130
1+

29.21 m

EC,β-
*

*

La130
3(+)

8.7 m

EC

Ce130
0+

25 m

EC

Pr130
40.0 s

EC

Nd130
0+

28 s

EC

In131
(9/2+)
0.282 s

β-n
*

Sn131
(3/2+)
56.0 s

β-
*

Sb131
(7/2+)

23.03 m

β-

Te131
3/2+

25.0 m

β-
*

I131
7/2+

8.02070 d

β-

*

Cs131
5/2+

9.689 d

EC

Ba131
1/2+

11.50 d

EC
*

La131
3/2+
59 m

EC

Ce131
(7/2+)
10.3 m

EC
*

Pr131
(3/2+)
1.53 m

EC
*

Nd131
(5/2)
27 s

ECp

In132
(7-)

0.201 s

β-n

Sn132
0+

39.7 s

β-

Sb132
(4+)

2.79 m

β-
*

Te132
0+

3.204 d

β-

I132
4+

2.295 h

β-
*

*

Cs132
2+

6.479 d

EC,β-

La132
2-

4.8 h

EC
*

Ce132
0+

3.51 h

EC
*

Pr132
1.6 m

EC

Nd132
0+

1.75 m

EC

In133
(9/2+)
180 ms

β-n

Sn133
(7/2-)
1.45 s

β-n

Sb133
(7/2+)
2.5 m

β-

Te133
(3/2+)
12.5 m

β-
*

I133
7/2+

20.8 h

β-
*

Xe133
3/2+

5.243 d

β-
*

Ba133
1/2+

10.51 y

EC
*

La133
5/2+

3.912 h

EC

Ce133
1/2+
97 m

EC
*

Pr133
(3/2+)
6.5 m

EC

Nd133
(7/2+)
70 s

EC
*

In134
138 ms

β-n

Sn134
0+

1.12 s

β-n

Sb134
(0-)

0.78 s

β-
*

Te134
0+

41.8 m

β-

I134
(4)+

52.5 m

β-
*

*

Cs134
4+

2.0648 y

EC,β-
*

La134
1+

6.45 m

EC

Ce134
0+

3.16 d

EC

Pr134
2-

17 m

EC
*

Nd134
0+

8.5 m

EC

Sn135

Sb135
(7/2+)
1.71 s

β-n

Te135
(7/2-)
19.0 s

β-

I135
7/2+

6.57 h

β-

Xe135
3/2+

9.14 h

β-
*

Cs135
7/2+

2.3E+6 y

β-
*

*

La135
5/2+

19.5 h

EC

Ce135
1/2(+)
17.7 h

EC
*

Pr135
3/2(+)
24 m

EC

Nd135
9/2(-)

12.4 m

EC
*

Sn136
0+

Sb136
0.82 s

β-n,β-2n,...

Te136
0+

17.5 s

β-n

I136
(1-)

83.4 s

β-
*

Cs136
5+

13.16 d

β-
*

*

La136
1+

9.87 m

EC
*

Pr136
2+

13.1 m

EC

Nd136
0+

50.65 m

EC

Sn137

Sb137

Te137
(7/2-)
2.49 s

β-n

I137
(7/2+)
24.5 s

β-n

Xe137
7/2-

3.818 m

β-

Cs137
7/2+

30.07 y

β-

*

La137
7/2+

6E4 y

EC

Ce137
3/2+
9.0 h

EC
*

Pr137
5/2+

1.28 h

EC

Nd137
1/2+

38.5 m

EC
*

Sb138

Te138
0+

1.4 s

β-n

I138
(2-)

6.49 s

β-n

Xe138
0+

14.08 m

β-

Cs138
3-

33.41 m

β-
*

*

Pr138
1+

1.45 m

EC
*

Nd138
0+

5.04 h

EC

Sb139

Te139

I139
(7/2+)
2.29 s

β-n

Xe139
3/2-

39.68 s

β-

Cs139
7/2+

9.27 m

β-

Ba139
7/2-

83.06 m

β-

Ce139
3/2+

137.640 d

EC
*

Pr139
5/2+

4.41 h

EC

Nd139
3/2+

29.7 m

EC
*

Te140
0+

I140
(4)

0.86 s

β-n

Xe140
0+

13.60 s

β-

Cs140
1-

63.7 s

β-

Ba140
0+

12.752 d

β-

La140
3-

1.6781 d

β-

Pr140
1+

3.39 m

EC

Nd140
0+

3.37 d

EC

Te141

I141
0.43 s

β-n

Xe141
5/2(-)
1.73 s

β-n

Cs141
7/2+

24.94 s

β-n

Ba141
3/2-

18.27 m

β-

La141
(7/2+)
3.92 h

β-

Ce141
7/2-

32.501 d

β-

Nd141
3/2+

2.49 h

EC
*

Te142
0+

I142

Xe142
0+

1.22 s

β-n

Cs142
0-

1.70 s

β-n

Ba142
0+

10.6 m

β-

La142
2-

91.1 m

β-

Pr142
2-

19.12 h

EC,β-
*

I143

Xe143
5/2-

0.30 s

β-

Cs143
3/2+

1.78 s

β-n

Ba143
5/2-

14.33 s

β-

La143
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1
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β-
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*
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1-

0.343 s
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*
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β-
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(3/2+)
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0.893 s
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0+

0.607 s

β-n
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(2-)

1.05 s
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56 s
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β-
*
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0.344 s

β-n
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1.05 s

β-n
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(3/2-)
5.3 s

β-
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2.26 m

β-
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1.728 h

β-

Cs150

Ba150
0+

0.3 s

β-n

La150
0.86 s

β-n

Ce150
0+

4.0 s

β-

Pr150
(1)-

6.19 s

β-

Cs151

Ba151

La151

Ce151
1.02 s

β-

Pr151
(1/2 TO 5/2-)

18.90 s

β-

Nd151
(3/2)+

12.44 m

β-
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0+

La152

Ce152
0+

1.4 s

β-

Pr152
(4-)

3.63 s

β-

Nd152
0+

11.4 m

β-

Ba153

La153

Ce153

Pr153
4.3 s

β-

Nd153
(3/2-)
28.9 s

β-

La154

Ce154
0+

Pr154
(3+,2+)

2.3 s

β-

Nd154
0+

25.9 s

β-

La155

Ce155

Pr155

Nd155
8.9 s

β-

Ce156
0+

Pr156

Nd156
0+

5.47 s

β-

Ce157

Pr157

Nd157

Pr158

Nd158
0+

Pr159

Nd159 Nd160
0+

Nd161

Pd102
0+

1.02
Rh103

1/2-

100

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33

Cd106
0+

1.25
Ag107

1/2-

51.839
Pd108

0+

26.46

Cd108
0+

0.89
Ag109

1/2-

48.161
Pd110

0+

11.72

Cd110
0+

12.49

Cd111
1/2+

12.80

Cd112
0+

24.13

Sn112
0+

0.97

Cd113
1/2+

9.3E+15 y

β-
12.22

In113
9/2+

4.3
Cd114

0+

28.73

Sn114
0+

0.65
In115

9/2+
4.41E+14 y

β-
95.7

Sn115
1/2+

0.34

Cd116
0+

7.49

Sn116
0+

14.53

Sn117
1/2+

7.68

Sn118
0+

24.23

Sn119
1/2+

8.59

Sn120
0+

32.59

Te120
0+

0.096
Sb121

5/2+

57.36
Sn122

0+

4.63

Te122
0+

2.603
Sb123

7/2+

42.64

Te123
1/2+

1E+13 y

EC
0.908

Sn124
0+

5.79

Te124
0+

4.816

Xe124
0+

1.6E+14 y

ECEC
0.10

Te125
1/2+

7.139

Te126
0+

18.95

Xe126
0+

0.09
I127
5/2+

100
Te128

0+
2.2E24 y

β-β-
31.69

Xe128
0+

1.91

Xe129
1/2+

26.4

Te130
0+

7.9E20 y

β-
33.80

Xe130
0+

4.1

Ba130
0+

0.106

Xe131
3/2+

21.2

Xe132
0+

26.9

Ba132
0+

0.101
Cs133

7/2+

100
Xe134

0+

10.4

Ba134
0+

2.417

Ba135
3/2+

6.592

Xe136
0+

2.36E21 y

8.9

Ba136
0+

7.854

Ce136
0+

0.19

Ba137
3/2+

11.23

Ba138
0+

71.70

La138
5+

1.05E+11 y

EC,β-
0.0902

Ce138
0+

0.25
La139

7/2+

99.9098

Ce140
0+

88.48

Pr141
5/2+

100
Ce142

0+
5E+16 y

11.08

Nd142
0+

27.13

Nd143
7/2-

12.18

Nd144
0+

2.29E+15 y

α
23.80

Nd145
7/2-

8.30

Nd146
0+

17.19

Nd148
0+

5.76

Nd150
0+

1.1E19 y

β-
5.64

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 46
Pd

4.5×10 -9%
106.42

2
8

18
18

0

1554.9°
2963°

+2+4

 47
Ag

1.58×10 -9%
107.8682

2
8

18
18

1

961.78°
2162°

+1

 48
Cd

5.3×10 -9%
112.411

2
8

18
18

2

321.07°
767°

+2

 49
In

6.0×10-10%
114.818

2
8

18
18

3

156.60°
2072°

+3

 50
Sn

1.25×10 -8%
118.710

2
8

18
18

4

231.93°
2602°

+2+4

 51
Sb

1.01×10 -9%
121.760

2
8

18
18

5

630.63°
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+3+5-3

 52
Te

1.57×10 -8%
127.60

2
8

18
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6

449.51°
988°

+4+6-2

 53
I

2.9×10 -9%
126.90447

2
8

18
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7

113.7°
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 54
Xe

1.5×10 -8%
131.29

2
8
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8
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16.58°
0

 55
Cs

1.21×10 -9%
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2
8
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8
1
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 56
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1.46×10 -8%
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8
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8
2
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2
8
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9
2
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9
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5.44×10-10%
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2
8
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8
2
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8
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3074°

+3

 50  52  54  56  58  60  62  64  66  68  70  72  74  76

 78  80
 82

 84
 86

 88
 90

 92
 94  96

 98

100

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

0

2

4

6

8

10

0

10

20

30
40

50
60

0 0.2 0.4 0.6
 

0

0.2

0.4

0.6

β2

𝛾⤴

(deg)

(MeV)

Z = 48
N = 82



INT 23-1a Program | Nuclear shapes from self-consistent mean-field and beyond approaches: deforma@on of A=96 isobars | Tomás R. Rodríguez

PN-VAP energy surfaces

‣ Shape evolution in cadmium isotopes

➡  Slightly prolate deformed 
minima are found along the 
whole isotopic chain.  

➡  Deformation is larger (and 
almost constant) in the mid-shell 
and smaller when approaching 
to the magic neutron numbers 
(N = 50, 82). 

➡  A depression at β2~0.35, γ~20 
is found in 110-118Cd.

M. Siciliano et al., Physical Review C 104, 034320 (2021)
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Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n
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(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n
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(1/2)-

18.98 s

β-
*
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9.01 m

β-
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7/2+

1.13E6 y

β-
*

*
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1/2-

35.04 h

EC
*
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5/2+

22.9 m

EC
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3/2(-)

2.25 m

EC
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(5/2+)
14.8 s

ECp
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β-

Zn80
0+

0.545 s

β-n
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(3)
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β-n
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*
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34 s
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18.45 m

β-
*
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7/2+

2.29E+5 y

EC
*
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3/2-
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EC
*
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1/2-
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EC
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(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s

β-

Ru108
0+

4.55 m

β-

Rh108
1+

16.8 s

β-
*

Zr109

β-

Nb109
0.19 s

β-n

Mo109
0.53 s

β-

Tc109
0.87 s

β-n

Ru109
(5/2+)
34.5 s

β-

Rh109
7/2+
80 s

β-

Zr110
0+

β-

Nb110
0.17 s

β-n

Mo110
0+

0.30 s

β-

Tc110
(1+,2+)
0.92 s

β-

Ru110
0+

14.6 s

β-

Rh110
1+

3.2 s

β-
*

Nb111
(5/2+)

β-

Mo111

Tc111
0.30 s

β-

Ru111
2.12 s

β-

Rh111
(7/2+)
11 s

β-

Nb112
(2+)

β-

Mo112
0+

Tc112
0.28 s

β-

Ru112
0+

1.75 s

β-

Rh112
1+

2.1 s

β-
*

Nb113

Mo113

Tc113
130 ms

β-

Ru113
0.80 s

β-

Rh113
(7/2+)
2.80 s

β-

Mo114
0+

β-

Tc114

Ru114
0+

0.53 s

β-

Rh114
1+

1.85 s

β-
*

Tc115

Ru115
0.40 s

β-n

Rh115
(7/2+)
0.99 s

β-

Tc116

β-

Ru116
0+

Rh116
1+

0.68 s

β-
*

Tc117
(5/2+)

β-

Ru117

Rh117
(7/2+)
0.44 s

β-

Ru118
0+

β-

Rh118

Ru119

β-

Rh119 Rh120

β-

Rh121

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Cu63
3/2-

69.17
Ni64

0+

0.926

Zn64
0+

48.6
Cu65

3/2-

30.83

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8

Ga69
3/2-

60.108
Zn70

0+
5E+14 y

0.6

Ge70
0+

21.23
Ga71

3/2-

39.892

Ge72
0+

27.66

Ge73
9/2+

7.73

Ge74
0+

35.94

Se74
0+

0.89
As75

3/2-

100
Ge76

0+

7.44

Se76
0+

9.36

Se77
1/2-

7.63

Se78
0+

23.78

Kr78
0+

0.35
Br79

3/2-

50.69
Se80

0+

49.61

Kr80
0+

2.25
Br81

3/2-

49.31
Se82

0+
1.08E+20 y

β-β-
8.73

Kr82
0+

11.6

Kr83
9/2+

11.5

Kr84
0+

57.0

Sr84
0+

0.56
Rb85

5/2-

72.165
Kr86

0+

17.3

Sr86
0+

9.86
Rb87

3/2-
4.75E10 y

β-
27.835

Sr87
9/2+

7.00

Sr88
0+

82.58

Y89
1/2-

100

Zr90
0+

51.45

Zr91
5/2+

11.22

Zr92
0+

17.15

Mo92
0+

14.84
Nb93

9/2+

100
Zr94

0+

17.38

Mo94
0+

9.25

Mo95
5/2+

15.92

Zr96
0+

3.8E19 y

β-
2.80

Mo96
0+

16.68

Ru96
0+

5.52

Mo97
5/2+

9.55

Mo98
0+

24.13

Ru98
0+

1.88

Ru99
5/2+

12.7

Mo100
0+

1.00E+19 y

β-β-
9.63

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6

Rh103
1/2-

100
Ru104

0+

18.7

 28
Ni

0.000161%
58.6934

2
8

16
2

1455°
2913°

+2+3

 29
Cu

1.70×10 -6%
63.546

2
8

18
1

1084.62°
2562°

+1+2

 30
Zn

4.11×10 -6%
65.39

2
8

18
2

419.53°
907°

+2

 31
Ga

1.23×10 -7%
69.723

2
8

18
3

29.76°
2204°

+3

 32
Ge

3.9×10 -7%
72.61

2
8

18
4

938.25°
2833°

+2+4

 33
As

2.1×10 -8%
74.92160

2
8

18
5

817t°
614s°
1400°

+3+5-3

 34
Se

2.03×10 -7%
78.96

2
8

18
6

221°
685°

1493°
+4+6-2

 35
Br

3.8×10 -8%
79.904

2
8

18
7

-7.2°
58.8°
315°

+1+5-1

 36
Kr

1.5×10 -7%
83.80

2
8

18
8

-157.36°
-153.22°

-63.74°
0

 37
Rb

2.31×10 -8%
85.4678

2
8

18
8
1

39.31°
688°

+1

 38
Sr

7.7×10 -8%
87.62

2
8

18
8
2

777°
1382°

+2

 39
Y

1.51×10 -8%
88.90585

2
8

18
9
2

1522°
3345°

+3

 40
Zr

3.72×10 -8%
91.224

2
8

18
10

2

1855°
4409°

+4

 41
Nb

2.28×10 -9%
92.90638

2
8

18
12

1

2477°
4744°

+3+5

 42
Mo

8.3×10 -9%
95.94

2
8

18
13

1

2623°
4639°

+6

 43
Tc

[98]

2
8

18
13

2

2157°
4265°

+4+6+7

 44
Ru

6.1×10 -9%
101.07

2
8

18
15

1

2334°
4150°

+3

 45
Rh

1.12×10 -9%
102.90550

2
8

18
16

1

1964°
3695°

+3

 22  24  26  28  30  32  34  36  38  40  42  44  46  48  50

 52
 54

 56
 58

 60
 62

 64

 66
 68

 70
 72

 74

 76

Decay Q-value Range
Q(??)
Q(β−)>0
Q(β−)-SN>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-SP>0
Q(P)>0
Naturally Abundant

Z=28-45 Part 1 of 3

Ni50 Ni51
(7/2-)

Ni52
0+

38 ms

ECp

Cu52

Ni53
(7/2-)
45 ms

ECp

Cu53

Ni54
0+

EC

Cu54

Zn54
0+

Ni55
7/2-

212.1 ms

EC

Cu55

EC

Zn55

Ni56
0+

6.077 d

EC

Cu56

Zn56
0+

Ga56

Ni57
3/2-

35.60 h

Cu57
3/2-

199.4 ms

EC

Zn57
(7/2-)
40 ms

ECp

Ga57

Cu58
1+

3.204 s

EC

Zn58
0+

65 ms

EC

Ga58

Ge58
0+

Ni59
3/2-

7.6E+4 y

EC

Cu59
3/2-

81.5 s

EC

Zn59
3/2-

182.0 ms

ECp

Ga59

Ge59

Cu60
2+

23.7 m

EC

Zn60
0+

2.38 m

EC

Ga60

Ge60

As60

Cu61
3/2-

3.333 h

EC

Zn61
3/2-

89.1 s

EC

Ga61
(3/2-)
0.15 s

EC

Ge61
(3/2-)
40 ms

ECp

As61

Cu62
1+

9.74 m

EC

Zn62
0+

9.186 h

EC

Ga62
0+

116.12 ms

EC

Ge62
0+

EC

As62

Ni63
1/2-

100.1 y

β-

Zn63
3/2-

38.47 m

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ge63
95 ms

EC

As63

Cu64
1+

12.700 h

EC,β-

Ga64
0+

2.627 m

EC

Ge64
0+

63.7 s

EC

As64

Ni65
5/2-

2.5172 h

β-

Zn65
5/2-

244.26 d

EC

Ga65
3/2-

15.2 m

EC

Ge65
(3/2)-
30.9 s

ECp

As65
0.19 s

EC

Se65

ECp

Ni66
0+

54.6 h

β-

Cu66
1+

5.120 m

β-

Ga66
0+

9.49 h

EC

Ge66
0+

2.26 h

EC

As66
95.77 ms

EC

Se66
0+

EC

Ni67
(1/2-)
21 s

β-

Cu67
3/2-

61.83 h

β-

Ga67
3/2-

3.2612 d

EC

Ge67
1/2-

18.9 m

EC

As67
(5/2-)
42.5 s

EC

Se67
60 ms

ECp

Br67

Ni68
0+

19 s

β-

Cu68
1+

31.1 s

β-
*

Ga68
1+

67.629 m

EC

Ge68
0+

270.8 d

EC

As68
3+

151.6 s

EC

Se68
0+

35.5 s

EC

Br68
(3+)

1.5 Us

p

Ni69
11.4 s

β-

Cu69
3/2-

2.85 m

β-

Zn69
1/2-

56.4 m

β-
*

Ge69
5/2-

39.05 h

EC

As69
5/2-

15.2 m

EC

Se69
(3/2-)
27.4 s

ECp

Br69

Kr69

Ni70
0+

Cu70
(1+)
4.5 s

β-
*

Ga70
1+

21.14 m

EC,β-

As70
4(+)

52.6 m

EC

Se70
0+

41.1 m

EC

Br70
79.1 ms

EC
*

Kr70
0+

Ni71
1.86 s

β-

Cu71
(3/2-)
19.5 s

β-

Zn71
1/2-

2.45 m

β-
*

Ge71
1/2-

11.43 d

EC
*

As71
5/2-

65.28 h

EC

Se71
3/2-,5/2-
4.74 m

EC

Br71
5/2-

21.4 s

EC

Kr71
64 ms

ECp

Rb71

Ni72
0+

2.1 s

β-

Cu72
(1+)
6.6 s

β-

Zn72
0+

46.5 h

β-

Ga72
3-

14.10 h

β-
*

As72
2-

26.0 h

EC

Se72
0+

8.40 d

EC

Br72
3+

78.6 s

EC
*

Kr72
0+

17.2 s

EC

Rb72

Ni73
(7/2+)
0.70 s

β-n

Cu73
3.9 s

β-

Zn73
(1/2)-
23.5 s

β-
*

Ga73
3/2-

4.86 h

β-

*

As73
3/2-

80.30 d

EC

Se73
9/2+

7.15 h

EC
*

Br73
1/2-

3.4 m

EC

Kr73
5/2-

27.0 s

ECp

Rb73

Sr73

ECp

Ni74
0+

0.54 s

β-n

Cu74
(1+,3+)
1.594 s

β-

Zn74
0+

95.6 s

β-

Ga74
(3-)

8.12 m

β-
*

As74
2-

17.77 d

EC,β-

Br74
(0-)

25.4 m

EC
*

Kr74
0+

11.50 m

EC

Rb74
(0+)

64.9 ms

EC

Sr74
0+

Ni75
(7/2+)
0.6 s

β-n

Cu75
1.224 s

β-n

Zn75
(7/2+)
10.2 s

β-

Ga75
3/2-

126 s

β-

Ge75
1/2-

82.78 m

β-
*

*

Se75
5/2+

119.779 d

EC

Br75
3/2-

96.7 m

EC

Kr75
(5/2)+
4.3 m

EC

Rb75
(3/2-,5/2-)

19.0 s

EC

Sr75
71 ms

ECp

Ni76
0+

0.24 s

β-n

Cu76
0.641 s

β-n
*

Zn76
0+

5.7 s

β-

Ga76
(2+,3+)
32.6 s

β-

As76
2-

1.0778 d

β-

Br76
1-

16.2 h

EC
*

Kr76
0+

14.8 h

EC

Rb76
1(-)

36.5 s

EC

Sr76
0+

8.9 s

EC

Ni77

Cu77
469 ms

β-n

Zn77
(7/2+)
2.08 s

β-
*

Ga77
(3/2-)
13.2 s

β-

Ge77
7/2+

11.30 h

β-
*

As77
3/2-

38.83 h

β-

*

Br77
3/2-

57.036 h

EC
*

Kr77
5/2+

74.4 m

EC

Rb77
3/2-

3.77 m

EC

Sr77
5/2+
9.0 s

ECp

Y77

ECp

Ni78
0+

β-

Cu78
342 ms

β-

Zn78
0+

1.47 s

β-

Ga78
(3+)

5.09 s

β-

Ge78
0+

88.0 m

β-

As78
2-

90.7 m

β-

Br78
1+

6.46 m

EC,β-
*

Rb78
0(+)

17.66 m

EC
*

Sr78
0+

2.5 m

EC

Y78

Cu79
188 ms

β-n

Zn79
(9/2+)
995 ms

β-n

Ga79
(3/2-)

2.847 s

β-n

Ge79
(1/2)-

18.98 s

β-
*

As79
3/2-

9.01 m

β-

Se79
7/2+

1.13E6 y

β-
*

*

Kr79
1/2-

35.04 h

EC
*

Rb79
5/2+

22.9 m

EC

Sr79
3/2(-)

2.25 m

EC

Y79
(5/2+)
14.8 s

ECp

Zr79

Cu80

β-

Zn80
0+

0.545 s

β-n

Ga80
(3)

1.697 s

β-n

Ge80
0+

29.5 s

β-

As80
1+

15.2 s

β-

Br80
1+

17.68 m

EC,β-
*

Rb80
1+

34 s

EC

Sr80
0+

106.3 m

EC

Y80
(3,4,5)

35 s

EC

Zr80
0+

Zn81
0.29 s

β-n

Ga81
(5/2-)

1.217 s

β-n

Ge81
(9/2+)
7.6 s

β-
*

As81
3/2-

33.3 s

β-

Se81
1/2-

18.45 m

β-
*

Kr81
7/2+

2.29E+5 y

EC
*

Rb81
3/2-

4.576 h

EC
*

Sr81
1/2-

22.3 m

EC

Y81
(5/2+)
70.4 s

EC

Zr81
15 s

ECp

Nb81

Zn82
0+

β-

Ga82
(1,2,3)
0.599 s

β-n

Ge82
0+

4.60 s

β-

As82
(1+)

19.1 s

β-
*

Br82
5-

35.30 h

β-
*

Rb82
1+

1.273 m

EC
*

Sr82
0+

25.55 d

EC

Y82
1+

9.5 s

EC

Zr82
0+

32 s

EC

Nb82

Zn83
(5/2+)

β-

Ga83
0.31 s

β-n

Ge83
(5/2+)
1.85 s

β-

As83
(5/2-,3/2-)

13.4 s

β-

Se83
9/2+

22.3 m

β-
*

Br83
3/2-

2.40 h

β-

*

Rb83
5/2-

86.2 d

EC
*

Sr83
7/2+

32.41 h

EC
*

Y83
(9/2+)
7.08 m

EC
*

Zr83
(1/2-)
44 s

ECp

Nb83
(5/2+)
4.1 s

EC

Mo83

Ga84
85 ms

β-n

Ge84
0+

947 ms

β-n

As84
(3-)
4.5 s

β-n

Se84
0+

3.10 m

β-

Br84
2-

31.80 m

β-
*

Rb84
2-

32.77 d

EC,β-
*

Y84
1+

4.6 s

EC
*

Zr84
0+

25.9 m

EC

Nb84
3+

12 s

ECp

Mo84
0+

EC

Ga85
(3/2-)

β-

Ge85
535 ms

β-n

As85
(3/2-)

2.021 s

β-n

Se85
(5/2+)
31.7 s

β-

Br85
3/2-

2.90 m

β-

Kr85
9/2+

10.756 y

β-
*

Sr85
9/2+

64.84 d

EC
*

Y85
(1/2)-
2.68 h

EC
*

Zr85
7/2+

7.86 m

EC
*

Nb85
(9/2+)
20.9 s

EC

Mo85

Tc85

Ga86

Ge86
0+

As86
0.945 s

β-n

Se86
0+

15.3 s

β-

Br86
(2-)

55.1 s

β-

Rb86
2-

18.631 d

EC,β-
*

Y86
4-

14.74 h

EC
*

Zr86
0+

16.5 h

EC

Nb86
(5+)
88 s

EC
*

Mo86
0+

19.6 s

EC

Tc86

Ge87
(5/2+)

β-

As87
(3/2-)
0.48 s

β-n

Se87
(5/2+)
5.29 s

β-n

Br87
3/2-

55.60 s

β-n

Kr87
5/2+

76.3 m

β-

*

Y87
1/2-

79.8 h

EC
*

Zr87
(9/2)+
1.68 h

EC
*

Nb87
(9/2+)
2.6 m

EC
*

Mo87
(7/2+)
13.4 s

ECp

Tc87
(9/2+)

Ru87

Ge88
0+

β-

As88

Se88
0+

1.53 s

β-n

Br88
(1,2-)

16.34 s

β-n

Kr88
0+

2.84 h

β-

Rb88
2-

17.78 m

β-

Y88
4-

106.65 d

EC
*

Zr88
0+

83.4 d

EC

Nb88
(8+)

14.5 m

EC
*

Mo88
0+

8.0 m

EC

Tc88
(6,7,8)
6.4 s

EC
*

Ru88
0+

Ge89
(1/2+)

β-

As89

Se89
(5/2+)
0.41 s

β-n

Br89
(3/2-,5/2-)

4.348 s

β-n

Kr89
(3/2+,5/2+)

3.15 m

β-

Rb89
3/2-

15.15 m

β-

Sr89
5/2+

50.53 d

β-

*

Zr89
9/2+

78.41 h

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Mo89
(9/2+)
2.04 m

EC
*

Tc89
(9/2+)
12.8 s

EC
*

Ru89

Rh89

As90

β-

Se90
0+

Br90
1.91 s

β-n

Kr90
0+

32.32 s

β-

Rb90
0-

158 s

β-
*

Sr90
0+

28.79 y

β-

Y90
2-

64.00 h

β-
*

*

Nb90
8+

14.60 h

EC
*

Mo90
0+

5.56 h

EC

Tc90
(8+)

49.2 s

EC
*

Ru90
0+

11 s

EC

Rh90

As91
(3/2-)

β-

Se91
0.27 s

β-n

Br91
0.541 s

β-n

Kr91
(5/2+)
8.57 s

β-

Rb91
3/2(-)
58.4 s

β-

Sr91
5/2+

9.63 h

β-

Y91
1/2-

58.51 d

*

Nb91
9/2+
680 y

EC
*

Mo91
9/2+

15.49 m

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Ru91
(9/2+)

9 s

EC
*

Rh91

As92

β-

Se92
0+

β-

Br92
(2-)

0.343 s

β-n

Kr92
0+

1.840 s

β-n

Rb92
0-

4.492 s

β-n

Sr92
0+

2.71 h

β-

Y92
2-

3.54 h

β-

Nb92
(7)+

3.47E+7 y

EC,β-
*

Tc92
(8)+

4.23 m

EC

Ru92
0+

3.65 m

EC

Rh92

Se93
(1/2+)

β-

Br93
(5/2-)

102 ms

β-n

Kr93
(1/2+)
1.286 s

β-n

Rb93
5/2-

5.84 s

β-n

Sr93
5/2+

7.423 m

β-

Y93
1/2-

10.18 h

β-
*

Zr93
5/2+

1.53E+6 y

β-

*

Mo93
5/2+

4.0E+3 y

EC
*

Tc93
9/2+

2.75 h

EC
*

Ru93
(9/2)+
59.7 s

EC
*

Rh93
(9/2+)

Se94
0+

β-

Br94
70 ms

β-n

Kr94
0+

0.20 s

β-n

Rb94
3(-)

2.702 s

β-n

Sr94
0+

75.3 s

β-

Y94
2-

18.7 m

β-

Nb94
(6)+

2.03E+4 y

β-
*

Tc94
7+

293 m

EC
*

Ru94
0+

51.8 m

EC

Rh94
(3+)

70.6 s

ECp
*

Br95
(3/2-)

β-

Kr95
1/2

0.78 s

β-

Rb95
5/2-

377.5 ms

β-n

Sr95
1/2+

23.90 s

β-

Y95
1/2-

10.3 m

β-

Zr95
5/2+

64.02 d

β-

Nb95
9/2+

34.975 d

β-
*

Tc95
9/2+

20.0 h

EC
*

Ru95
5/2+

1.643 h

EC

Rh95
(9/2)+
5.02 m

EC
*

Br96

β-

Kr96
0+

Rb96
2+

0.199 s

β-n

Sr96
0+

1.07 s

β-

Y96
0-

5.34 s

β-
*

Nb96
6+

23.35 h

β-

Tc96
7+

4.28 d

EC
*

Rh96
6+

9.90 m

EC
*

Br97
(3/2-)

β-

Kr97
(3/2+)

β-n

Rb97
3/2(+)

169.9 ms

β-n

Sr97
1/2+

426 ms

β-n

Y97
(1/2-)
3.75 s

β-n
*

Zr97
1/2+

16.91 h

β-

Nb97
9/2+

72.1 m

β-
*

Tc97
9/2+

2.6E6 y

EC
*

Ru97
5/2+
2.9 d

Rh97
(9/2)+
30.7 m

EC
*

Kr98
0+

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Sr98
0+

0.653 s

β-n

Y98
(0)-

0.548 s

β-n
*

Zr98
0+

30.7 s

β-

Nb98
1+

2.86 s

β-
*

Tc98
(6)+

4.2E+6 y

β-

Rh98
(2)+

8.7 m

EC
*

Kr99
(3/2+)

β-

Rb99
(5/2+)

50.3 ms

β-n

Sr99
3/2+

0.269 s

β-n

Y99
(5/2+)
1.470 s

β-n

Zr99
(1/2+)
2.1 s

β-

Nb99
9/2+

15.0 s

β-
*

Mo99
1/2+

65.94 h

β-

Tc99
9/2+

2.111E+5 y

β-
*

Rh99
1/2-

16.1 d

EC
*

Kr100
0+

Rb100
51 ms

β-n,β-2n,...

Sr100
0+

202 ms

β-n

Y100
1-,2-

735 ms

β-n
*

Zr100
0+

7.1 s

β-

Nb100
1+

1.5 s

β-
*

Tc100
1+

15.8 s

EC,β-

Rh100
1-

20.8 h

EC
*

Rb101
(3/2+)
32 ms

β-n

Sr101
(5/2-)

118 ms

β-n

Y101
(5/2+)
0.45 s

β-n

Zr101
(3/2+)
2.3 s

β-

Nb101
(5/2+)
7.1 s

β-

Mo101
1/2+

14.61 m

β-

Tc101
9/2+

14.22 m

β-

Rh101
1/2-
3.3 y

EC
*

Rb102
37 ms

β-n

Sr102
0+

69 ms

β-n

Y102
0.36 s

β-n
*

Zr102
0+

2.9 s

β-

Nb102
1+

1.3 s

β-
*

Mo102
0+

11.3 m

β-

Tc102
1+

5.28 s

β-
*

Rh102
(1-,2-)
207 d

EC,β-
*

Sr103

β-

Y103
(5/2+)
0.23 s

β-n

Zr103
(5/2-)
1.3 s

β-

Nb103
(5/2+)
1.5 s

β-

Mo103
(3/2+)
67.5 s

β-

Tc103
5/2+

54.2 s

β-

Ru103
3/2+

39.26 d

β-
*

*

Sr104
0+

Y104

Zr104
0+

1.2 s

β-

Nb104
(1+)
4.8 s

β-n
*

Mo104
0+

60 s

β-

Tc104
(3+)

18.3 m

β-

Rh104
1+

42.3 s

EC,β-
*

Sr105

β-

Y105

Zr105
0.6 s

β-

Nb105
(5/2+)
2.95 s

β-

Mo105
(5/2-)
35.6 s

β-

Tc105
(3/2-)
7.6 m

β-

Ru105
3/2+

4.44 h

β-

Rh105
7/2+

35.36 h

β-
*

Y106

β-

Zr106
0+

Nb106
1.02 s

β-

Mo106
0+

8.4 s

β-

Tc106
(1,2)
35.6 s

β-

Ru106
0+

373.59 d

β-

Rh106
1+

29.80 s

β-
*

Y107
(5/2+)

β-

Zr107

Nb107
330 ms

β-

Mo107
3.5 s

β-

Tc107
21.2 s

β-

Ru107
(5/2)+
3.75 m

β-

Rh107
7/2+

21.7 m

β-

Y108

Zr108
0+

Nb108
(2+)

0.193 s

β-n

Mo108
0+

1.09 s

β-

Tc108
(2)+

5.17 s
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✓ Oblate shape in 70Kr 

✓Two minima in 72-76Kr 

✓ γ-softness in 78-80Kr 

✓ Slightly prolate deformation in 82-84Kr 

✓ Spherical semi-magic 86Kr 

✓ γ-softness in 88-92Kr 

✓Oblate shape in 94Kr 

✓ Oblate/prolate minima in 96-98Kr

PN-VAP energy surfaces
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Let me be provocative: Nuclear shape comes as a non-observable 
degree of freedom (or an ‘artifact’) of the variational approximation 
at the mean-field level (one-body density approximation)

with

-

-

- Lagrange multiplier for protons 

Lagrange multiplier for neutrons 

trial wave functions are quasiparticle vacua

E
0
HFB

[|�(~q)i] = h�(~q)|Ĥ � �N N̂ � �ZẐ � ~�~q · ~̂Q|�(~q)i�E0
HFB

[|�(~q)i] = 0

�k(~q)|�(~q)i = 0

�N ! h�(~q)|N̂ |�(~q)i = N

�Z ! h�(~q)|Ẑ|�(~q)i = Z

~�~q ! h�(~q)| ~̂Q|�(~q)i = ~q- Lagrange multipliers for collective coordinates

�†
k =

X

l

Ulkc
†
l + VlkclRemember:

Symmetry breaking
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• A better approach to the actual eigenvalues/eigenstates of the Hamiltonian should 
recover the symmetries of the Hamiltonian ☛ PROJECTION TECHNIQUES

• The Hamiltonian       has certain symmetriesĤ

h
Ĥ, Ŝi

i
= 0 with Ŝi =

⇣
N̂ , Ẑ, Ĵ2, Ĵz, ⇧̂, ...

⌘

Ŝi• However, the HFB wave function is not an eigenstate of the operators      (in general)

Ŝi|�i 6= csi |�i

Ŝi| sii = csi | siiwith|�i ! P̂ si |�i = | sii

Projection operator

Beyond self-consistent mean-field

Symmetry restoration
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• Examples of projection operators

• Particle number:

• Parity: P⇡ =
1

2

⇣
I� ⇡⇧̂

⌘

• Angular Momentum: P I
M =

+IX

K=�I

gIKP I
MK

P I
MK =

2I + 1

8⇡2

Z 2⇡

0
d↵

Z ⇡

0
d� sin�

Z 2⇡

0
d�DI⇤

MK(⌦)R̂(⌦) with

DI
MK(⌦) = hIM |R̂(⌦)|IKi = e�i�Ke�i↵MdIMK(�)

R̂(⌦) = e�i↵Ĵze�i�Ĵye�i�Ĵz

⌦ = (↵,�, �) Euler angles

Rotation operator

Wigner matrices

PN =
1

2⇡

Z 2⇡

0
ei'(N̂�N)d'

Beyond self-consistent mean-field
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24Mg triaxial calculations

TRIAXIAL ANGULAR MOMENTUM PROJECTION AND . . . PHYSICAL REVIEW C 81, 064323 (2010)
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FIG. 7. (Color online) Mesh of
points using constant step in β and γ

in degrees (top left) or triangle divi-
sion (top right) and the corresponding
calculated VAP-PN potential energy
surfaces (lower panels) transformed to
the interval γ ε[0◦, 60◦]. The energy is
normalized to the minimum of the PES
(−196.01 MeV) and the contour lines
are divided in 1-MeV (black dashed
lines) and 2-MeV steps (continuous
magenta lines).

research is important because the full GCM-PNAMP calcula-
tion is very demanding of CPU time and both convergence
tests and the choice of the relevant parameters should be
performed in advance, but nonetheless also checked afterward.
In this section the final results for 24Mg are presented; their
calculation has been done with the set of integration points
in the Euler angles (Na = 8, Nb = 16, Nc = 16). We choose
the triangular mesh with Npoints = 99 shown in Fig. 7 to solve
the constrained particle number projection before the variation
(VAP-PN) equations. The intrinsic many-body wave functions
|$(β, γ )〉 are expanded in a Cartesian harmonic oscillator
basis and the number of spherical shells included in this basis is
Nshells = 7 with an oscillator length of b = 1.01A1/6. In Fig. 7
the VAP-PN energy landscape is plotted, showing a single
and well-defined minimum at β = 0.5, γ = 0◦ separated by
∼7.7 MeV from the spherical point and ∼6.1 MeV from the
oblate saddle point at β = 0.25. These results are consistent
with the ones obtained in the axial calculation (see Fig. 1)
with the difference of having a saddle point in the (β, γ ) plane
instead of a minimum on the oblate side. Similar PESs are
obtained for Skyrme (HFB with PN-PAV included) [47] and
relativistic (BCS without PNP) [48] interactions, although a
softer surface between the spherical point and the minimum is
obtained for the Skyrme interaction.

A. Triaxial PNAMP potential energy surfaces
and the RVAMPIR approach for 24Mg

The solution of the triaxial HWG equation, Eq. (13), does
not require us to perform a separate angular momentum
projection in the laboratory system for each component of the
GCM basis states in the sense of Eq. (22). However, as in the
axial case, we expect the PNAMP potential energy surfaces to
provide insight and a better interpretation of the configuration
mixing calculations. We can also separate the energy gain
resulting from the triaxial AMP from the one from the (β, γ )

configuration mixing. Furthermore, they are very important
because the minima of these PESs determine the associated
RVAMPIR solution. The PNAMP is an involved approach that
requires the solution of the HWG equation, Eq. (23), to include
the K mixing. The HWG eigenstates, Eq. (22), provide real
eigenstates of the symmetry operators that can be used, as we
shall see in the following, to generate energy spectra and to
calculate transition probabilities.

In Fig. 8 we plot the normalized PNAMP energy landscapes
in the (β, γ ) plane for the lowest eigenvalue in the K space
for each angular momentum I = 0+

1 –8+
1 [see Eq. (23)]. In

addition, all the points close to the spherical one, and those
close to axiality for odd values of I , have been removed for
I %= 0 because their norm is very small. The first noticeable
aspect is that the VAP-PN axial minimum of Fig. 7 becomes
a saddle point, the minimum being displaced toward larger
β values and γ > 0◦ for all values of the angular momentum,
although the barriers between the new minima and the axial
prolate saddle points are less than 1 MeV. For I = 0+

1 , 2+
1

the minima are located in (β ∼ 0.7, γ ∼ 10◦) whereas with
increasing value of the angular momentum we observe a
softening of the PES and a displacement of the minimum
to larger γ and smaller β deformation, (β ∼ 0.65, γ ∼ 15◦)
for I = 4+

1 , 5+
1 and (β ∼ 0.55, γ ∼ 17◦) for I = 6+

1 , 7+
1 , 8+

1 .
We also note that in the case of odd-I values the softening
of the PES is in the γ direction toward the oblate saddle
point. The energy difference between the VAP-PN and the
I = 0+

1 minima is ∼4.6 MeV but the gain in energy owing
to the inclusion of the triaxial degree of freedom (i.e, the
difference between the triaxial minimum and the axial saddle
point) is ∼0.7 MeV. Similar results have been reported with
Skyrme and relativistic interactions although these studies of
the PNAMP PES only extend to I = 0, 2 and the effect of
increasing triaxiality with growing angular momentum has
not been analyzed.

For an interpretation of the configuration mixing calcula-
tions it has become customary to plot the diagonal matrix

064323-9

Beyond self-consistent mean-field
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144Ba axial calculations
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linear combination coefficients of the 
linear combination

“basis” states
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� ⌘ (JMNZ⇡)

Configuration mixing: PGCM

Nuclear wave functions: Generator Coordinate Method (GCM) ansatz
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coefficients of the 
linear combination

The coefficients are obtained by minimizing the expectation value of the Hamiltonian 
(energy) with those coefficients as the variational parameters:

Hill-Wheeler-
Griffin (HWG) 

equation

<latexit sha1_base64="fLR0jM/flYG561nANqvGgYYV6EM="></latexit>

H
�
qK,q0K0 = h�(q)|ĤP
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Hamiltonian and norm kernels
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Nuclear wave functions: Generator Coordinate Method (GCM) ansatz

Configuration mixing: PGCM
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• Nuclear wave functions wave functions: Generator Coordinate Method (GCM) ansatz
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Configuration mixing: PGCM

Remark: we are (computational) limited to explore only 
certain degrees of freedom


