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What makes up an atom?

Proton (Z): Subatomic particle with a positive charge found in 
the nucleus. 
 1.67262 x 10-27 kg

Neutron (N): Subatomic particle with no charge found in the 
nucleus.
 1.67493 x 10-27 kg

Electron: Subatomic particle with a negative charge found 
orbiting the nucleus.
 9.10938 x 10-31 kg C6

Carbon
12.011



Terms & definitions for nuclides

Atomic Number (Z): Integer that expresses the number of protons 
in a nucleus.

Mass Number (A): Total number of protons and neutrons in a 
nucleus. A = N + Z.

Atomic Mass: Average of the masses of all naturally occurring 
isotopes of an element weighted by their abundances.

Atomic Mass Unit (AMU): A mass equal to exactly 1/12th the mass 
of a 12C atom.

C6

Carbon
12.011



So, what’s an isotope?

Isotopes have same Z, different N, thus different A

Isotope: A particular form of an element defined by a 
specific number of neutrons. 



So, what’s an isotope?

Radioactive Isotopes: Unstable nuclei that spontaneously 
decay emitting alpha/beta particles, or gamma rays and 
forming a new (radiogenic) element in the process. 
 
Stable Isotopes: Nuclei that do not radioactively decay*, 
although they may be radiogenic.

Typically, the heavier stable isotopes of an element are less 
abundant than the lighter stable isotopes of the same 
element. 

Isotope: A particular form of an element defined by a 
specific number of neutrons. 



Carbon: 12C, 13C
Hydrogen: 1H, 2H
Nitrogen: 14N, 15N
Oxygen: 16O, 17O, 18O
Phosphorus: 31P
Sulfur: 32S, 33S, 34S, 36S

CHNOPS



Isotopologues: Molecules that differ from one another 
only in isotopic composition. May have the same, or 
different masses. 

 
 CO2 has 12 isotopologues!

12C16O16O, 12C16O17O, 12C16O18O, 12C17O17O, 12C17O18O, 12C18O18O, 
13C16O16O, 13C16O17O, 13C16O18O, 13C17O17O, 13C17O18O, 13C18O18O

No such thing as “CO2 isotopes”, or “H2O isotopes”

Other Iso-Terms

12C16O

16O
13C16O

16O
12C16O

17O



Isomers: molecules with the same chemical formula, 
but different structures 

The hydroxyl group 
is attached to the 
terminal C atomThe hydroxyl group 

is attached to the 
middle C atom

Other Iso-Terms



Isotopomers (Isotopic Isomers): isotopologues that 
differ from one another in the positions or locations of 
the isotopic elements. Have the same mass. 

N2O (laughing gas)
 

16O 16O
14N15N15N

14N

18O 18O
14N15N15N

14N

Isotopomers

Isotopomers

Isotopologues

Other Iso-Terms



To be continued on Thursday… 
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How were the elements and their isotopes formed?

NUCLEOSYNTHESIS



Formation of
 everything elseFormation of H, 2H, 3He, 4He, 7Li



Abundance of elements in our solar system

Created by 
supernovae

Created 
in stars



Isotope abundances on Earth

Isotope Mass (amu) Abundance 
(% of Total Element)

1H 1.007825 99.985
2H 2.0140 0.015
12C 12 98.89
13C 13.00335 1.11
14N 14.00307 99.63
15N 15.00011 0.37
16O 15.99491 99.759
17O 16.99914 0.037
18O 17.99916 0.204
32S 31.97207 95.0
33S 32.97146 0.76
34S 33.96786 4.22
36S 35.96709 0.014

Sharp, Z (2019). Principles of Stable Isotope Geochemistry



How do we report stable isotope values?
delta (d) notation

Means of expressing the relative abundance of 
the heavier stable isotope in a mixture 

Rsample -Rstandard
× 1000d = 

Rstandard

R = ratio of the abundance of the heavy to light isotope

Reported in units of parts per thousand, 
aka per mil (‰)  

Rsample -1 × 1000d = 
Rstandard



Acronym Standard Name Isotopes Rheavy/light

V-SMOW Vienna Standard Mean Ocean Water 2H/1H 0.00015576

V-SMOW Vienna Standard Mean Ocean Water 18O/16O 0.00200520

V-PDB Vienna Pee Dee Belemnite 13C/12C 0.0112372

V-PDB Vienna Pee Dee Belemnite 18O/16O 0.0020672

Air Atmospheric Air 15N/14N 0.0036765

Air Atmospheric Air 3He/4He 1.38 x 10-6

CDT Canyon Diablo Troilite 34S/32S 0.04500451

In-house reference materials (internal lab standards) must be calibrated to the 
appropriate international reference standards.

International Isotopic Standards



V-PDB
Calcium carbonate marine fossil 
from the PeeDee Formation in 
South Carolina

Late Cretaceous (66–72 mya)

Collected by Heinz Lowenstam 
and analyzed by Harold Urey



Let’s try calculating a d13C value! 

[13C/12C]leaf = 0.0109338

δ13C = ??



Important notes about d

• d values do not represent absolute atomic concentrations. 
They are ratios, reported in parts per thousand. 

• Because d values are measured relative to a standard, 
they are often negative. 

• d values must be calculated using the same international 
standard to be comparable. 

• Many mathematical calculations should be made by 
converting d values to a concentration unit (e.g., atom 
percent).



-8‰

OxygenCarbon

Hydrogen Nitrogen

d2H (‰)

d13C (‰) d18O (‰)

d15N (‰)

Natural ranges of isotopic values



The ‘Seuss Effect’

Dombrosky 2020

2.0 ‰ !



Isotopic fractionation: the basics

In any multiphase system, 
there may be fractionation 

of isotopes, with one 
phase preferentially 

incorporating 
the heavy (or light) isotope 
relative to other coexisting 

phases.



Isotopes have different thermodynamic properties.

Thus, isotopes react at different rates in chemical reactions.

Freezing Point (˚C) Boiling Point (˚C)

Heavy Water (D2O) 3.82 101.42

Natural Water (H2O) 0.00 100.00

Isotopic fractionation: the basics

16O 16O
H H DD



Isotopic fractionation: the basics

Differences in 
bond strengths 

among 
isotopologues 

results in 
fractionation 

during chemical 
reactions



Note the difference in isotopic abundances between the 
hypothetical phase A and phase B pools.
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A rudimentary example



1. Elements have relatively low atomic mass.
• E.g., H, C, N, O, S.

2. The relative mass difference between isotopes is large. 
• Relative mass difference between 2H (D) and 1H is 100%
• Relative mass difference between 87Sr and 86Sr only 1.2%

3. Elements form bonds of a high degree of covalent 
character (i.e., electrons are shared between atoms). 

• H2O (covalent) vs. NaCl (ionic)

4. When elements undergo oxidation state change in a 
wide variety of compounds. 

• (+4) CO2 vs. CH4  (-4)

Large isotopic fractionations observed when…



Equilibrium
• Forward and back reactions occur at the same rate.
• Products and reactants are offset by a constant fractionation 

factor (a) at a given temperature. 
• H2O evaporation at 100% RH

Kinetic
• Associated with fast, unidirectional processes. 
• Controlled by the reaction rate (kinetics). 

• Incorporation of CO2 into plants during photosynthesis.
• Diffusion of O2 from lungs into blood. 

Types of isotopic fractionation



Isotopic Discrimination (D)

DA–B =  dA – dB
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Expressing the difference

eA–B =  (     – 1)1000

Isotopic Enrichment (e)
RA 
RB



aA-B  =

Expressed in terms of d

RA 
RB

Expressed in terms of R

dA - dB1000ln(aA-B) ≈

Fractionation Factor (a)
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H2Oliquid ↔ H2Ovapor

a18Oliquid-vapor = 1.0093 (at 25˚C)

1000ln(a) = 9.3 (at 25˚C)

dliquid – dvapor≈ 9.3 ‰
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Evaporation
Vapor is formed from the liquid and the amount of original liquid remaining 

declines, as in an evaporating lake or beaker of water.

Rayleigh Fractionation



d1
8 O

Fraction Remaining

a = 1.0093
9.3‰ at 25˚C

Rayleigh Fractionation



d1
8 O

Fraction Remaining

a = 1.0093
9.3‰ at 25˚C

Rayleigh Fractionation

Equation describing Rayleigh Fractionation:             

Rt = R0 f (a–1)

Rt and R0 are the isotopic ratios at time t and at t=0
f = fraction remaining at time (t)

a = equilibrium fractionation factor





Extra slides



Dombrosky 2020

Fossil fuels
-23‰



Isotones: nuclides with the same number of neutrons, 
but different numbers of protons. 

Isobars: different elements with the same atomic mass

Other Iso-Terms



Proton-Proton Chain
(Hydrogen Burning)

Produces Deuterium (2H) 
and Helium 



Triple-a Process
(Helium Burning)

Produces 12C

Necessary for the synthesis of elements with a Z ≥ 6 

Half-life of 7 x 
10-17 seconds!



CNO Cycle

Produces Helium (4He)

12C is a catalyst 



Synthesis of Elements with Z > 6

Occurs by fusion of nuclei with Z of 6, 8, and 10, 
and by capture of a-particles (i.e., 4He), protons, 
and neutrons

Helium Burning: produces 12C, 16O, 18O, 22Ne, 25Mg

Carbon Burning: produces 20Ne, 23Na, 24Mg 

Oxygen Burning: produces 28Si, 31P, 32S 

Neon Burning: produces 16O, 24Mg 



Meyer and Zinner
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ECp

S30
0+

1.178 s

EC

S31
1/2+

2.572 s

EC

S35
3/2+

87.51 d

β-

S37
7/2-

5.05 m

β-

S38
0+

170.3 m

β-

S39
(3/2,5/2,7/2)-

11.5 s

β-

S40
0+

8.8 s

β-

S41
[5/2-]
1.1 s

S42
0+
4 s

S43
[7/2-]

220 ms

β-n

S44
0+

200 ms

β-n

S45
1/2-

70 ms

β-

S46
0+

50 ms

β-

S47
1/2-
6 ms

β-

S48
0+

14 ms
S49
3/2-
5 ms

β-

S50
0+

5 ms

β-

S51
9/2+
4 ms

β-

S52
0+

3 ms

β-

S53
3/2+

2.4 ms

β-

S54
0+

2.1 ms

β-

S55
5/2+

2.1 ms

β-

S56
0+

2.0 ms

β-

S57
5/2+

1.7 ms

β-

S58
0+

1.0 ms

β-

S59
1/2-

300 us

β-

S60
0+

230 us

β-

Cl25
1/2+

1.1 ms

EC

Cl26
1+,4+
1.3 ms

EC

Cl27
1/2+

2.4 ms

EC

Cl28
1+,2+
1.7 ms

EC

Cl29
3/2+

11 ms

EC

Cl30
1+,2+
30 ms

EC

Cl31
[3/2+]
150 ms

ECp

Cl32
1+

298 ms

ECp,ECα,...

Cl33
3/2+

2.511 s

EC

Cl34
0+

1.5264 s

EC
*

Cl36
2+

3.01E+5 y

EC,β-

Cl38
2-

37.24 m

β-
*

Cl39
3/2+

55.6 m

β-

Cl40
2-

1.35 m

β-

Cl41
(1/2,3/2)+

38.4 s

β-

Cl42
[2-,3-]
6.8 s

β-

Cl43
[1/2+]
3.3 s

β-

Cl44
[3-,4-]
600 ms

Cl45
[3/2+]
405 ms

β-n

Cl46
[0-,3-]
202 ms

β-n

Cl47
1/2+

90 ms

β-

Cl48
[0-,1-]
40 ms

Cl49
1/2+

30 ms

β-

Cl50
2-,3-
5 ms

β-

Cl51
1/2+
8 ms

β-

Cl52
4+,5+
5 ms

β-

Cl53
1/2+
3 ms

β-

Cl54
0-,1-

2.1 ms

β-

Cl55
1/2-

1.0 ms

β-

Cl56
2-,3-

800 us

β-

Cl57
1/2-

800 us

β-

Cl58
3+,4+
1.4 ms

β-

Cl59
1/2+

1.3 ms

β-

Cl60
2+,3+
1.1 ms

β-

Cl61
1/2+

1.2 ms

β-

Cl62
1+,2+
700 us

β-

Cl63
1/2+

600 us

β-

Ar27
5/2+

1.7 ms

EC

Ar28
0+

14 ms

EC

Ar29
3/2+
4 ms

EC

Ar30
0+

40 ms

EC

Ar31
[1/2+]

15.1 ms

ECp,EC2p,...

Ar32
0+

98 ms

ECp

Ar33
1/2+

173.0 ms

ECp

Ar34
0+

844.5 ms

EC

Ar35
3/2+

1.775 s

EC

Ar37
3/2+

35.04 d

EC

Ar39
7/2-

269 y

β-

Ar41
7/2-

109.34 m

β-

Ar42
0+

32.9 y

β-

Ar43
(3/2,5/2)
5.37 m

β-

Ar44
0+

11.87 m

β-

Ar45
[1/2-]

21.48 s

β-

Ar46
0+

8.4 s

β-

Ar47
[3/2-]

800 ms
Ar48

0+
250 ms

Ar49
1/2-

70 ms

β-

Ar50
0+

50 ms
Ar51
[1/2-]
24 ms

Ar52
0+

16 ms

β-

Ar53
9/2+

15 ms

β-

Ar54
0+

10 ms

β-

Ar55
9/2+

12 ms

β-

Ar56
0+

7 ms

β-

Ar57
9/2+
5 ms

β-

Ar58
0+

3 ms

β-

Ar59
7/2+

2.4 ms

β-

Ar60
0+

2.0 ms

β-

Ar61
5/2+

1.8 ms

β-

Ar62
0+

2.0 ms

β-

Ar63
3/2+

1.5 ms

β-

Ar64
0+

2.0 ms

β-

Ar65
1/2+

1.1 ms

β-

Ar66
0+

700 us

β-

Ar67
9/2+

600 us

β-

K29
3/2+

1.2 ms

EC

K30
1+,4+
800 us

EC

K31
3/2+
4 ms

EC

K32
1+,2+
3 ms

EC

K33
1/2+

40 ms

EC

K34
0+,1+
40 ms

EC

K35
3/2+

190 ms

ECp

K36
2+

342 ms

ECp,ECα,...

K37
3/2+

1.226 s

EC

K38
3+

7.636 m

EC
*

K42
2-

12.360 h

β-

K43
3/2+

22.3 h

β-

K44
2-

22.13 m

β-

K45
3/2+

17.3 m

β-

K46
(2-)

105 s

β-

K47
1/2+

17.5 s

β-

K48
(2-)
6.8 s

β-n

K49
(1/2+,3/2+)

1.26 s

β-n

K50
(0-,1,2-)
472 ms

β-n

K51
(1/2+,3/2+)

365 ms

β-n

K52
[2-,3-]
105 ms

β-n

K53
(3/2+)
30 ms

β-n

K54
[1-,8-]
10 ms

β-n

K55
7/2-
4 ms

β-

K56
1-,2-
3 ms

β-

K57
1/2+
5 ms

β-

K58
4+,5+
3 ms

β-

K59
1/2+
3 ms

β-

K60
0-,7-

1.9 ms

β-

K61
7/2-

1.5 ms

β-

K62
1-,6-

1.5 ms

β-

K63
7/2-

1.7 ms

β-

K64
2+,3+
1.1 ms

β-

K65
1/2+

1.2 ms

β-

K66
3+,4+
900 us

β-

K67
1/2+

900 us

β-

K68
4+,5+
700 us

β-

K69
1/2+

700 us

β-

K70
2+,3+
500 us

β-

Ca30
0+

1.3 ms

EC

Ca31
5/2+

900 us

EC

Ca32
0+

5 ms

EC

Ca33
3/2+

1.9 ms

EC

Ca34
0+

30 ms

EC

Ca35
[1/2+]
50 ms

EC2p

Ca36
0+

100 ms

ECp

Ca37
3/2+

175 ms

ECp

Ca38
0+

440 ms

EC

Ca39
3/2+

859.6 ms

EC

Ca41
7/2-

1.03E+5 y

EC

Ca45
7/2-

163.8 d

β-

Ca47
7/2-

4.536 d

β-

Ca49
3/2-

8.715 m

β-

Ca50
0+

13.9 s

β-

Ca51
(3/2-)
10.0 s

β-n

Ca52
0+

4.6 s

β-

Ca53
(3/2-,5/2-)

90 ms

β-n

Ca54
0+

90 ms
Ca55

5/2-
12 ms

β-

Ca56
0+

30 ms

β-

Ca57
3/2-
8 ms

β-

Ca58
0+

12 ms

β-

Ca59
1/2+
7 ms

β-

Ca60
0+

4 ms

β-

Ca61
9/2+
4 ms

β-

Ca62
0+

4 ms

β-

Ca63
3/2+
3 ms

β-

Ca64
0+

3 ms

β-

Ca65
5/2+

2.0 ms

β-

Ca66
0+

1.9 ms

β-

Ca67
7/2+

1.5 ms

β-

Ca68
0+

1.5 ms

β-

Ca69
9/2+

1.1 ms

β-

Ca70
0+

1.2 ms

β-

Ca71
1/2+

900 us

β-

Ca72
0+

900 us

β-

Ca73
3/2+

700 us

β-

Sc32
0-,3-

1.1 ms

EC

Sc33
7/2-
4 ms

EC

Sc34
2-,5-

1.6 ms

EC

Sc35
7/2-

15 ms

EC

Sc36
3-,4-
9 ms

EC

Sc37
7/2-

60 ms

EC

Sc38
2-,5-

40 ms

EC

Sc39
(7/2-)
80 ms

Sc40
4-

182.3 ms

ECp,ECα,...

Sc41
7/2-

596.3 ms

EC

Sc42
0+

681.3 ms

EC
*

Sc43
7/2-

3.891 h

EC

Sc44
2+

3.927 h

EC
**

Sc46
4+

83.79 d

β-
*

Sc47
7/2-

3.345 d

β-

Sc48
6+

43.67 h

β-

Sc49
7/2-

57.2 m

β-

Sc50
5+

102.5 s

β-
*

Sc51
(7/2)-
12.4 s

β-

Sc52
3+

8.2 s

β-

Sc53
[7/2-]

150 ms
Sc54
[0+,1+]
15 ms

Sc55
[7/2-]
30 ms

Sc56
3+,4+
14 ms

β-

Sc57
7/2-

13 ms

β-

Sc58
2+,5+
6 ms

β-

Sc59
7/2-
7 ms

β-

Sc60
3+,4+
5 ms

β-

Sc61
7/2+
5 ms

β-

Sc62
1+,8+
3 ms

β-

Sc63
1/2-
3 ms

β-

Sc64
1-,2-

2.1 ms

β-

Sc65
1/2-

2.3 ms

β-

Sc66
2-,3-

1.7 ms

β-

Sc67
1/2-

1.7 ms

β-

Sc68
3-,4-

1.4 ms

β-

Sc69
1/2-

1.4 ms

β-

Sc70
4-,5-

1.1 ms

β-

Sc71
1/2-

1.0 ms

β-

Sc72
0-,1-

800 us

β-

Sc73
1/2-

800 us

β-

Sc74
1-,2-

700 us

β-

Sc75
1/2-

800 us

β-

Sc76
0-,1-

500 us

β-

Ti34
0+

3 ms

EC

Ti35
5/2+

1.2 ms

EC

Ti36
0+

13 ms

EC

Ti37
1/2+
7 ms

EC

Ti38
0+

60 ms

EC

Ti39
(3/2+)
26 ms

ECp

Ti40
0+

50 ms

EC

Ti41
3/2+

80 ms

ECp

Ti42
0+

199 ms

EC

Ti43
7/2-

509 ms

EC

Ti44
0+

49 y

EC

Ti45
7/2-

184.8 m

EC

Ti51
3/2-

5.76 m

β-

Ti52
0+

1.7 m

β-

Ti53
(3/2)-
32.7 s

β-

Ti54
0+

30 s
Ti55
[1/2-]

150 ms
Ti56

0+
800 ms

Ti57
[3/2-]
50 ms

Ti58
0+

150 ms

β-

Ti59
3/2-

21 ms

β-

Ti60
0+

50 ms

β-

Ti61
1/2-

30 ms

β-

Ti62
0+

18 ms

β-

Ti63
9/2+

13 ms

β-

Ti64
0+

14 ms

β-

Ti65
3/2+
9 ms

β-

Ti66
0+

6 ms

β-

Ti67
5/2+
6 ms

β-

Ti68
0+

5 ms

β-

Ti69
7/2+
4 ms

β-

Ti70
0+

4 ms

β-

Ti71
9/2+
3 ms

β-

Ti72
0+

3 ms

β-

Ti73
1/2+

2.1 ms

β-

Ti74
0+

2.0 ms

β-

Ti75
3/2+

1.7 ms

β-

Ti76
0+

1.6 ms

β-

Ti77
1/2+

1.0 ms

β-

Ti78
0+

1.0 ms

β-

Ti79
3/2+

1.0 ms

β-

Ti80
0+

800 us

β-

V36
1-,4-

900 us

EC

V37
3/2-
5 ms

EC

V38
1-,2-
4 ms

EC

V39
3/2-

11 ms

EC

V40
1-,2-
8 ms

EC

V41
1/2-

24 ms

EC

V42
1-,2-

30 ms

EC

V43
1/2-

40 ms

EC

V44
[2+,3+]
90 ms

ECα

V45
7/2-

547 ms

EC

V46
0+

422.37 ms

EC
*

V47
3/2-

32.6 m

EC

V48
4+

15.9735 d

EC

V49
7/2-

330 d
V52

3+
3.75 m

β-

V53
7/2-

1.61 m

β-

V54
3+

49.8 s

β-

V55
(7/2-)
6.54 s

β-

V56
[0+,3+]
200 ms

V57
[3/2-]

140 ms
V58

[0+,3+]
50 ms

V59
[3/2-]
50 ms

V60
[1+,4+]
13 ms

V61
5/2-

30 ms

β-

V62
2+,3+
21 ms

β-

V63
3/2-

18 ms

β-

V64
1-,2-
8 ms

β-

V65
3/2-
9 ms

β-

V66
0-,3-
8 ms

β-

V67
3/2-
5 ms

β-

V68
1-,4-
4 ms

β-

V69
3/2-
4 ms

β-

V70
2-,5-
3 ms

β-

V71
3/2-
3 ms

β-

V72
3-,6-
3 ms

β-

V73
3/2-

2.4 ms

β-

V74
1-,2-

1.7 ms

β-

V75
3/2-

1.6 ms

β-

V76
0-,3-

1.3 ms

β-

V77
3/2-

1.3 ms

β-

V78
0-,3-

1.1 ms

β-

V79
3/2-

800 us

β-

V80
0-,3-

900 us

β-

V81
3/2-

800 us

β-

V82
0+,3+
700 us

β-

V83
3/2-

500 us

β-

Cr38
0+

4 ms

EC

Cr39
1/2+
4 ms

EC

Cr40
0+

9 ms

EC

Cr41
1/2+
9 ms

EC

Cr42
0+

40 ms

EC

Cr43
3/2+

30 ms

EC

Cr44
0+

120 ms

EC

Cr45
(7/2-)
50 ms

ECp

Cr46
0+

0.26 s

EC

Cr47
3/2-

508 ms

EC

Cr48
0+

21.56 h

EC

Cr49
5/2-

42.3 m
Cr51

7/2-
27.702 d

EC

Cr55
3/2-

3.497 m

β-

Cr56
0+

5.94 m

β-

Cr57
3/2-,5/2-,7/2-

21.1 s

β-

Cr58
0+

7.0 s

β-

Cr59
[3/2-]
0.74 s

β-

Cr60
0+

0.57 s

β-

Cr61
[3/2+]
800 ms

Cr62
0+

400 ms
Cr63

3/2-
100 ms

β-

Cr64
0+

150 ms

β-

Cr65
1/2+

100 ms

β-

Cr66
0+

70 ms

β-

Cr67
3/2+

40 ms

β-

Cr68
0+

30 ms

β-

Cr69
5/2+

19 ms

β-

Cr70
0+

16 ms

β-

Cr71
7/2+

12 ms

β-

Cr72
0+

11 ms

β-

Cr73
9/2+
9 ms

β-

Cr74
0+

8 ms

β-

Cr75
1/2+
5 ms

β-

Cr76
0+

4 ms

β-

Cr77
3/2+
3 ms

β-

Cr78
0+

3 ms

β-

Cr79
3/2+

2.5 ms

β-

Cr80
0+

1.3 ms

β-

Cr81
3/2+

1.2 ms

β-

Cr82
0+

1.3 ms

β-

Cr83
3/2-

1.3 ms

β-

Cr84
0+

1.0 ms

β-

Cr85
3/2+

800 us

β-

Cr86
0+

700 us

β-

Mn40
2-,3-

2.4 ms

EC

Mn41
5/2-
5 ms

EC

Mn42
2-,3-
4 ms

EC

Mn43
5/2-

13 ms

EC

Mn44
1-,2-

13 ms

EC

Mn45
5/2-

18 ms

EC

Mn46
[2+,5+]
15 ms

Mn47
5/2-

80 ms

EC

Mn48
4+

158.1 ms

ECp,ECα,...

Mn49
5/2-

384 ms

EC

Mn50
0+

283.0 ms

EC
*

Mn51
5/2-

46.2 m

EC

Mn52
6+

5.591 d

EC
*

Mn53
7/2-

3.74E+6 y

EC

Mn54
3+

312.3 d

EC,β-

Mn56
3+

2.5785 h

β-

Mn57
5/2-

87.2 s

β-

Mn58
3+

65.3 s

β-
*

Mn59
3/2-,5/2-

4.6 s

β-

Mn60
(0+)
51 s

β-
*

Mn61
(5/2-)
0.71 s

β-

Mn62
(3+)

0.88 s

β-

Mn63
[5/2-]
0.25 s

β-

Mn64
[1+,4+]
40 ms

Mn65
[5/2-]
30 ms

Mn66
0-,5-

23 ms

β-

Mn67
5/2-

20 ms

β-

Mn68
2+,3+
14 ms

β-

Mn69
5/2-

14 ms

β-

Mn70
0-,5-

11 ms

β-

Mn71
5/2-
9 ms

β-

Mn72
1-,6-
7 ms

β-

Mn73
5/2-
7 ms

β-

Mn74
2-,7-
6 ms

β-

Mn75
5/2-
5 ms

β-

Mn76
2-,3-
3 ms

β-

Mn77
5/2-
3 ms

β-

Mn78
1-,4-

2.5 ms

β-

Mn79
5/2-

2.2 ms

β-

Mn80
1-,4-

1.9 ms

β-

Mn81
5/2-

1.9 ms

β-

Mn82
2+,3+
1.2 ms

β-

Mn83
5/2-

1.0 ms

β-

Mn84
1+,4+
1.1 ms

β-

Mn85
5/2-

1.0 ms

β-

Mn86
1-,4-

700 us

β-

Mn87
5/2-

700 us

β-

Mn88
0+,5+
700 us

β-

Mn89
1/2-

700 us

β-

Fe42
0+

5 ms

EC

Fe43
1/2+
3 ms

EC

Fe44
0+

11 ms

EC

Fe45
3/2+

10 ms

EC

Fe46
0+

18 ms

EC

Fe47
5/2-

30 ms

EC

Fe48
0+

60 ms
Fe49
(7/2-)
75 ms

ECp

Fe50
0+

500 ms

ECp

Fe51
(5/2-)

305 ms

EC

Fe52
0+

8.275 h

EC
*

Fe53
7/2-

8.51 m

EC
*

Fe55
3/2-

2.73 y

EC

Fe59
3/2-

44.503 d

β-

Fe60
0+

1.5E+6 y

β-

Fe61
3/2-,5/2-
5.98 m

β-

Fe62
0+

68 s

β-

Fe63
(5/2)-
6.1 s

β-

Fe64
0+

2.0 s

β-

Fe65
[1/2-]
0.4 s

β-

Fe66
0+
3 s

Fe67
[1/2+]
1.1 s

Fe68
0+

0.10 s

β-

Fe69
3/2+

400 ms

β-

Fe70
0+

250 ms

β-

Fe71
5/2+

120 ms

β-

Fe72
0+

90 ms

β-

Fe73
7/2+

50 ms

β-

Fe74
0+

50 ms

β-

Fe75
9/2+

50 ms

β-

Fe76
0+

40 ms

β-

Fe77
1/2+

24 ms

β-

Fe78
0+

15 ms

β-

Fe79
3/2+

12 ms

β-

Fe80
0+

7 ms

β-

Fe81
1/2+
3 ms

β-

Fe82
0+

4 ms

β-

Fe83
3/2+

2.0 ms

β-

Fe84
0+

1.9 ms

β-

Fe85
3/2-

2.3 ms

β-

Fe86
0+

1.9 ms

β-

Fe87
3/2+

1.4 ms

β-

Fe88
0+

1.3 ms

β-

Fe89
5/2-

1.2 ms

β-

Fe90
0+

1.2 ms

β-

Fe91
1/2+

700 us

β-

Fe92
0+

1.0 ms

β-

Co44
3-,4-
3 ms

EC

Co45
1/2-
5 ms

EC

Co46
0-,1-
5 ms

EC

Co47
1/2-

10 ms

EC

Co48
3+,4+
13 ms

EC

Co49
3/2-

40 ms

EC

Co50
[2+,5+]
50 ms

Co51
[7/2-]

100 ms
Co52
[1+,6+]
18 ms

EC

Co53
(7/2-)

240 ms

EC
*

Co54
0+

193.23 ms

EC
*

Co55
7/2-

17.53 h

EC

Co56
4+

77.27 d

EC

Co57
7/2-

271.79 d

EC

Co58
2+

70.82 d

EC
*

Co60
5+

5.2714 y

*

Co61
7/2-

1.650 h

β-

Co62
2+

1.50 m

β-
*

Co63
(7/2)-
27.4 s

β-

Co64
1+

0.30 s

β-

Co65
(7/2)-
1.20 s

β-

Co66
(3+)

0.23 s

β-

Co67
(7/2-)
0.42 s

β-

Co68
[3-,4-]
0.18 s

β-

Co69
[7/2-]
0.27 s

β-

Co70
[2-,5-]
50 ms

Co71
7/2-

40 ms

β-

Co72
1-,6-

30 ms

β-

Co73
7/2-

30 ms

β-

Co74
0-,7-

19 ms

β-

Co75
7/2-

17 ms

β-

Co76
1-,8-

15 ms

β-

Co77
7/2-

13 ms

β-

Co78
3-,4-
7 ms

β-

Co79
7/2-
7 ms

β-

Co80
2-,5-
5 ms

β-

Co81
7/2-
5 ms

β-

Co82
3-,4-

2.0 ms

β-

Co83
7/2-
3 ms

β-

Co84
1-,2-

2.0 ms

β-

Co85
1/2-

1.9 ms

β-

Co86
1+,2+
2.3 ms

β-

Co87
1/2-

2.0 ms

β-

Co88
1-,2-

1.5 ms

β-

Co89
1/2-

1.4 ms

β-

Co90
2+,3+
1.3 ms

β-

Co91
5/2-

1.2 ms

β-

Co92
0-,1-

800 us

β-

Co93
1/2-

800 us

β-

Co94
2+,3+
800 us

β-

Co95
1/2-

700 us

β-

Co96
3+,4+
600 us

β-

Ni46
0+

4 ms

EC

Ni47
1/2+
3 ms

EC

Ni48
0+

5 ms

EC

Ni49
7/2-
5 ms

EC

Ni50
0+

17 ms

EC

Ni51
[3/2-]
15 ms

Ni52
0+

80 ms
Ni53
(7/2-)
45 ms

ECp

Ni54
0+

600 ms

EC

Ni55
7/2-

212.1 ms

EC

Ni56
0+

5.9 d

EC

Ni57
3/2-

35.60 h
Ni59

3/2-
7.6E+4 y

EC

Ni63
1/2-

100.1 y

β-

Ni65
5/2-

2.5172 h

β-

Ni66
0+

54.6 h

β-

Ni67
(1/2-)
21 s

β-

Ni68
0+

19 s

β-

Ni69
[9/2+]
11.4 s

β-

Ni70
0+

2.1 m
Ni71
[3/2+]
1.86 s

β-

Ni72
0+

2.1 s

β-

Ni73
[5/2+]
0.90 s

β-

Ni74
0+

1.1 s

β-

Ni75
7/2+
1.0 s

β-

Ni76
0+

1.0 s

β-

Ni77
9/2+

500 ms

β-

Ni78
0+

500 ms

β-

Ni79
1/2+

160 ms

β-

Ni80
0+

180 ms

β-

Ni81
3/2+

90 ms

β-

Ni82
0+

90 ms

β-

Ni83
1/2+
7 ms

β-

Ni84
0+

12 ms

β-

Ni85
3/2+
6 ms

β-

Ni86
0+

3 ms

β-

Ni87
3/2-
3 ms

β-

Ni88
0+

3 ms

β-

Ni89
3/2+

1.9 ms

β-

Ni90
0+

1.9 ms

β-

Ni91
5/2-

1.8 ms

β-

Ni92
0+

1.5 ms

β-

Ni93
1/2+

1.2 ms

β-

Ni94
0+

1.1 ms

β-

Ni95
1/2+

1.1 ms

β-

Ni96
0+

1.1 ms

β-

Ni97
7/2-

1.0 ms

β-

Ni98
0+

900 us

β-

Ni99
1/2-

800 us

β-

Cu48
1-,2-

2.5 ms

EC

Cu49
3/2-
4 ms

EC

Cu50
2+,5+
5 ms

EC

Cu51
3/2-

13 ms

EC

Cu52
1+,2+
7 ms

EC

Cu53
1/2-

20 ms

EC

Cu54
2+,3+
18 ms

EC

Cu55
[1/2-]

200 Ns

EC

Cu56
[3+,4+]
60 ms

Cu57
3/2-

199.4 ms

EC

Cu58
1+

3.204 s

EC

Cu59
3/2-

81.5 s

EC

Cu60
2+

23.7 m
Cu61

3/2-
3.333 h

EC

Cu62
1+

9.74 m

EC

Cu64
1+

12.700 h

EC,β-

Cu66
1+

5.088 m

β-

Cu67
3/2-

61.83 h

β-

Cu68
1+

31.1 s

β-
*

Cu69
3/2-

2.85 m

β-

Cu70
(1+)
4.5 s

β-
*

Cu71
(3/2-)
19.5 s

β-

Cu72
[1-,2-]
6.6 s

β-

Cu73
[1/2-]
3.9 s

β-

Cu74
[2-,3-]
1.59 s

β-

Cu75
[1/2-]

1.224 s

β-n

Cu76
[3-,4-]
641 ms

β-

Cu77
[1/2-]

469 ms

β-

Cu78
[4-,5-]
342 ms

β-

Cu79
[1/2-]

188 ms

β-n

Cu80
0-,1-

130 ms

β-

Cu81
1/2-

100 ms

β-

Cu82
1-,2-

50 ms

β-

Cu83
1/2-

40 ms

β-

Cu84
1-,2-

16 ms

β-

Cu85
1/2-

13 ms

β-

Cu86
3+,4+
5 ms

β-

Cu87
7/2-
3 ms

β-

Cu88
2+,5+
3 ms

β-

Cu89
7/2-
3 ms

β-

Cu90
2-,5-

2.4 ms

β-

Cu91
7/2-

2.4 ms

β-

Cu92
1+,6+
2.4 ms

β-

Cu93
7/2-

1.9 ms

β-

Cu94
1-,6-

1.2 ms

β-

Cu95
7/2-

1.2 ms

β-

Cu96
3-,4-

1.1 ms

β-

Cu97
7/2-

1.0 ms

β-

Cu98
0+,7+
900 us

β-

Cu99
7/2-

800 us

β-

Cu100
1-,6-

600 us

β-

Cu101
7/2-

600 us

β-

Cu102
3-,4-

700 us

β-

Zn51
7/2-
3 ms

EC

Zn52
0+

8 ms

EC

Zn53
3/2-
4 ms

EC

Zn54
0+

23 ms

EC

Zn55
5/2-

12 ms

EC

Zn56
0+

80 ms
Zn57
(7/2-)
40 ms

ECp

Zn58
0+

600 ms

EC

Zn59
3/2-

182.0 ms

ECp

Zn60
0+

2.38 m

EC

Zn61
3/2-

89.1 s

EC

Zn62
0+

9.186 h

EC

Zn63
3/2-

38.47 m

EC

Zn65
5/2-

244.26 d

EC

Zn69
1/2-

56.4 m

β-
*

Zn71
1/2-

2.45 m

β-
*

Zn72
0+

46.5 h

β-

Zn73
(1/2)-
23.5 s

β-
*

Zn74
0+

96 s

β-

Zn75
(7/2+)
10.2 s

β-

Zn76
0+

5.7 s

β-

Zn77
(7/2+)
2.08 s

β-
*

Zn78
0+

1.47 s

β-

Zn79
[9/2+]
995 ms

β-n

Zn80
0+

0.545 s

β-n

Zn81
[1/2+]
0.29 s

β-n

Zn82
0+

220 ms

β-

Zn83
1/2+

22 ms

β-

Zn84
0+

70 ms

β-

Zn85
3/2+

23 ms

β-

Zn86
0+

22 ms

β-

Zn87
1/2-

15 ms

β-

Zn88
0+

9 ms

β-

Zn89
3/2-
8 ms

β-

Zn90
0+

8 ms

β-

Zn91
3/2+
4 ms

β-

Zn92
0+

4 ms

β-

Zn93
5/2-
4 ms

β-

Zn94
0+

4 ms

β-

Zn95
5/2+

2.4 ms

β-

Zn96
0+

2.4 ms

β-

Zn97
1/2+

2.0 ms

β-

Zn98
0+

1.8 ms

β-

Zn99
7/2-

1.8 ms

β-

Zn100
0+

1.5 ms

β-

Zn101
7/2-

1.1 ms

β-

Zn102
0+

900 us

β-

Zn103
1/2+

1.0 ms

β-

Zn104
0+

800 us

β-

Zn105
1/2+

700 us

β-

Ga53
1/2-
5 ms

EC

Ga54
1+,2+
2.1 ms

EC

Ga55
1/2-
7 ms

EC

Ga56
2+,3+
6 ms

EC

Ga57
1/2-

12 ms

EC

Ga58
3+,4+
15 ms

EC

Ga59
1/2-

40 ms

EC

Ga60
0+,1+
60 ms

EC

Ga61
(3/2-)

300 ms
Ga62

0+
116.12 ms

EC

Ga63
3/2-,5/2-

32.4 s

EC

Ga64
0+

2.630 m

EC

Ga65
3/2-

15.2 m

EC

Ga66
0+

9.49 h

EC

Ga67
3/2-

3.2612 d

EC

Ga68
1+

67.629 m

EC

Ga70
1+

21.14 m

EC,β-

Ga72
3-

14.10 h

β-
*

Ga73
3/2-

4.86 h

β-

Ga74
(3-)

8.12 m

β-
*

Ga75
3/2-

126 s

β-

Ga76
(3-)

32.6 s

β-

Ga77
(3/2-)
13.2 s

β-

Ga78
(3+)

5.09 s

β-

Ga79
(3/2-)

2.847 s

β-n

Ga80
(3)

1.697 s

β-n

Ga81
(5/2-)

1.221 s

β-n

Ga82
(1,2,3)
0.602 s

β-n

Ga83
[1/2-]
0.31 s

β-n

Ga84
0-,1-

30 ms

β-

Ga85
1/2-

90 ms

β-

Ga86
1-,2-

30 ms

β-

Ga87
3/2-

30 ms

β-

Ga88
0-,3-

11 ms

β-

Ga89
3/2-

14 ms

β-

Ga90
1-,2-
7 ms

β-

Ga91
1/2+
7 ms

β-

Ga92
2-,5-
6 ms

β-

Ga93
1/2+
5 ms

β-

Ga94
2-,3-
4 ms

β-

Ga95
1/2+
4 ms

β-

Ga96
1-,4-
3 ms

β-

Ga97
3/2-
3 ms

β-

Ga98
1+,4+
2.3 ms

β-

Ga99
3/2-

1.8 ms

β-

Ga100
2+,5+
1.7 ms

β-

Ga101
3/2-

1.4 ms

β-

Ga102
1-,4-

1.1 ms

β-

Ga103
3/2-

1.0 ms

β-

Ga104
1-,2-

1.0 ms

β-

Ga105
3/2-

900 us

β-

Ga106
1-,2-

800 us

β-

Ga107
3/2-

800 us

β-

Ga108
0+,3+
800 us

β-

Ge55
3/2-

2.0 ms

EC

Ge56
0+

10 ms

EC

Ge57
5/2-
5 ms

EC

Ge58
0+

19 ms

EC

Ge59
7/2-

15 ms

EC

Ge60
0+

80 ms

EC

Ge61
(3/2-)
40 ms

ECp

Ge62
0+

900 ms

EC

Ge63
1/2-

300 ms

EC

Ge64
0+

63.7 s

EC

Ge65
(3/2)-
30.9 s

ECp

Ge66
0+

2.26 h

EC

Ge67
1/2-

18.9 m

EC

Ge68
0+

270.82 d

EC
*

Ge69
5/2-

39.05 h

EC

Ge71
1/2-

11.43 d

EC
**

Ge75
1/2-

82.78 m

β-
*

Ge77
7/2+

11.30 h

β-
*

Ge78
0+

88.0 m

β-

Ge79
(1/2-)
19.1 s

β-
*

Ge80
0+

29.5 s

β-

Ge81
(9/2+)
7.6 s

β-
*

Ge82
0+

4.60 s

β-

Ge83
(5/2+)
1.85 s

β-

Ge84
0+

1.2 s

β-

Ge85
1/2+

40 ms

β-

Ge86
0+

200 ms

β-

Ge87
3/2+

50 ms

β-

Ge88
0+

50 ms

β-

Ge89
3/2+

19 ms

β-

Ge90
0+

24 ms

β-

Ge91
3/2+

30 ms

β-

Ge92
0+

20 ms

β-

Ge93
3/2+

14 ms

β-

Ge94
0+

14 ms

β-

Ge95
5/2-

11 ms

β-

Ge96
0+

8 ms

β-

Ge97
5/2+
4 ms

β-

Ge98
0+

4 ms

β-

Ge99
5/2-
4 ms

β-

Ge100
0+

3 ms

β-

Ge101
7/2-
3 ms

β-

Ge102
0+

2.3 ms

β-

Ge103
5/2+

1.7 ms

β-

Ge104
0+

1.4 ms

β-

Ge105
9/2-

1.6 ms

β-

Ge106
0+

1.3 ms

β-

Ge107
1/2+

1.1 ms

β-

Ge108
0+

900 us

β-

Ge109
3/2-

1.0 ms

β-

Ge110
0+

800 us

β-

Ge111
1/2-

800 us

β-

Ge112
0+

700 us

β-

As57
3/2-
3 ms

EC

As58
1+,4+
2.4 ms

EC

As59
3/2-
7 ms

EC

As60
2+,5+
8 ms

EC

As61
1/2-

17 ms

EC

As62
1+,2+
30 ms

EC

As63
3/2-

90 ms

EC

As64
1+,2+
70 ms

EC

As65
[3/2-]
0.19 s

EC

As66
[0+,3+]

95.77 ms

EC

As67
(5/2-)
42.5 s

EC

As68
3

151.6 s

EC

As69
5/2-

15.2 m

EC

As70
4(+)

52.6 m

EC

As71
5/2-

65.28 h

EC

As72
2-

26.0 h

EC

As73
3/2-

80.30 d

EC

As74
2-

17.77 d

EC,β-
*

As76
2-

26.32 h

EC,β-

As77
3/2-

38.83 h

β-

As78
2-

90.7 m

β-

As79
3/2-

9.01 m

β-

As80
1+

15.2 s

β-

As81
3/2-

33.3 s

β-

As82
(1+)

19.1 s

β-
*

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

13.4 s

β-

As84
(0-,1-,2-)

5.5 s

β-n
*

As85
(3/2-)

2.028 s

β-n

As86
[1-,2-]
0.9 s

β-n

As87
(3/2-)
0.73 s

β-n

As88
1-,2-

70 ms

β-

As89
1/2-

80 ms

β-

As90
1-,2-

30 ms

β-

As91
1/2-

40 ms

β-

As92
1+,2+
40 ms

β-

As93
1/2-

30 ms

β-

As94
1-,2-

18 ms

β-

As95
3/2-

20 ms

β-

As96
1+,4+
16 ms

β-

As97
3/2-

11 ms

β-

As98
2+,3+
8 ms

β-

As99
1/2-
5 ms

β-

As100
2+,3+
4 ms

β-

As101
1/2-
3 ms

β-

As102
3+,4+
3 ms

β-

As103
1/2-
3 ms

β-

As104
2-,3-

2.0 ms

β-

As105
1/2-

1.8 ms

β-

As106
4+,5+
1.8 ms

β-

As107
1/2-

1.5 ms

β-

As108
3-,4-

1.1 ms

β-

As109
1/2-

1.0 ms

β-

As110
4+,5+
1.1 ms

β-

As111
1/2-

900 us

β-

As112
0+,1+
800 us

β-

As113
1/2-

800 us

β-

As114
5+,6+
1.2 ms

β-

As115
5/2-

600 us

β-

Se59
5/2-

2.0 ms

EC

Se60
0+

7 ms

EC

Se61
7/2-
7 ms

EC

Se62
0+

24 ms

EC

Se63
1/2-

17 ms

EC

Se64
0+

90 ms

EC

Se65
1/2-

40 ms

EC

Se66
0+

600 ms

EC

Se67
3/2-

400 ms

EC

Se68
0+

40 s

EC

Se69
(3/2-)
27.4 s

ECp

Se70
0+

41.1 m

EC

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

EC

Se72
0+

8.40 d

EC

Se73
9/2+

7.15 h

EC
*

Se75
5/2+

119.779 d

EC
*

Se79
7/2+

6.5E+4 y

β-
*

Se81
1/2-

18.45 m

β-
*

Se83
9/2+

22.3 m

β-
*

Se84
0+

3.1 m

β-

Se85
(5/2+)
31.7 s

β-

Se86
0+

15.3 s

β-

Se87
(5/2+)
5.85 s

β-n

Se88
0+

1.52 s

β-n

Se89
(5/2+)
0.41 s

β-n

Se90
0+

140 ms

β-

Se91
[3/2+]
0.27 s

β-n

Se92
0+

60 ms

β-

Se93
3/2-

100 ms

β-

Se94
0+

50 ms

β-

Se95
3/2+

30 ms

β-

Se96
0+

30 ms

β-

Se97
5/2-

30 ms

β-

Se98
0+

18 ms

β-

Se99
5/2+
8 ms

β-

Se100
0+

8 ms

β-

Se101
5/2-
7 ms

β-

Se102
0+

5 ms

β-

Se103
7/2-
5 ms

β-

Se104
0+

4 ms

β-

Se105
5/2+
3 ms

β-

Se106
0+

2.4 ms

β-

Se107
9/2-

2.5 ms

β-

Se108
0+

2.1 ms

β-

Se109
7/2+

1.6 ms

β-

Se110
0+

2.2 ms

β-

Se111
9/2-

2.3 ms

β-

Se112
0+

1.2 ms

β-

Se113
1/2-

1.2 ms

β-

Se114
0+

1.0 ms

β-

Se115
11/2-

1.6 ms

β-

Se116
0+

600 us

β-

Se117
7/2-

700 us

β-

Se118
0+

600 us

β-

Br61
1/2+
4 ms

EC

Br62
0-,1-
3 ms

EC

Br63
9/2+

10 ms

EC

Br64
3-,6-
9 ms

EC

Br65
9/2+

23 ms

EC

Br66
2-,7-

21 ms

EC

Br67
9/2+

40 ms

EC

Br68
4-,5-

40 ms

EC

Br69
[9/2+]
200 ms

Br70
[0+,9+]
79.1 ms

EC
*

Br71
5/2-

21.4 s

EC

Br72
(3)+

78.6 s

EC
*

Br73
1/2-

3.4 m

EC

Br74
(0-,1)

25.4 m

EC
*

Br75
3/2-

96.7 m

EC

Br76
1-

16.2 h

EC
*

Br77
3/2-

57.036 h

EC
*

Br78
1+

6.46 m

EC,β-
*

Br80
1+

17.68 m

EC,β-
*

Br82
5-

35.30 h

β-
*

Br83
3/2-

2.40 h

β-

Br84
2-

31.80 m

β-
*

Br85
3/2-

2.90 m

β-

Br86
(2-)

55.1 s

β-

Br87
3/2-

55.60 s

β-n

Br88
(1,2-)
16.5 s

β-n

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

4.40 s

β-n

Br90
[1+,2+]
1.92 s

β-n

Br91
[1/2+]
0.541 s

β-n

Br92
(2-)

0.343 s

β-n

Br93
(5/2-)

102 ms

β-n

Br94
[1+,2+]
70 ms

β-n

Br95
1/2-

90 ms

β-

Br96
1-,2-

50 ms

β-

Br97
1/2-

50 ms

β-

Br98
2+,3+
40 ms

β-

Br99
1/2-

30 ms

β-

Br100
2+,3+
7 ms

β-

Br101
1/2+
7 ms

β-

Br102
2-,3-
7 ms

β-

Br103
1/2+
5 ms

β-

Br104
3-,4-
4 ms

β-

Br105
1/2+
4 ms

β-

Br106
2+,3+
3 ms

β-

Br107
1/2+
3 ms

β-

Br108
4-,5-
3 ms

β-

Br109
1/2+

2.3 ms

β-

Br110
4-,5-

2.1 ms

β-

Br111
9/2+

1.8 ms

β-

Br112
0+,3+
4 ms

β-

Br113
3/2-

1.6 ms

β-

Br114
1+,2+
1.5 ms

β-

Br115
3/2-

1.3 ms

β-

Br116
5+,6+
1.9 ms

β-

Br117
1/2-

900 us

β-

Br118
2+,5+
900 us

β-

Br119
1/2-

800 us

β-

Br120
1+,4+
600 us

β-

Br121
5/2+

600 us

β-

Kr63
1/2-

2.3 ms

EC

Kr64
0+

9 ms

EC

Kr65
3/2-
8 ms

EC

Kr66
0+

30 ms

EC

Kr67
5/2-

21 ms

EC

Kr68
0+

70 ms

EC

Kr69
1/2-

30 ms

EC

Kr70
0+

400 ms

EC

Kr71
[9/2+]
97 ms

EC

Kr72
0+

17.2 s

EC

Kr73
5/2-

27.0 s

ECp

Kr74
0+

11.50 m

EC

Kr75
(5/2)+
4.3 m

EC

Kr76
0+

14.8 h

EC

Kr77
5/2+

74.4 m

EC

Kr79
1/2-

35.04 h

EC
*

Kr81
7/2+

2.29E+5 y

EC
**

Kr85
9/2+

10.756 y

β-
*

Kr87
5/2+

76.3 m

β-

Kr88
0+

2.84 h

β-

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

3.15 m

β-

Kr90
0+

32.32 s

β-

Kr91
(5/2+)
8.57 s

β-

Kr92
0+

1.840 s

β-n

Kr93
(1/2+)
1.286 s

β-n

Kr94
0+

0.20 s

β-n

Kr95
[3/2-]
0.78 s

β-

Kr96
0+

200 ms

β-

Kr97
3/2+

90 ms

β-

Kr98
0+

100 ms

β-

Kr99
5/2-

80 ms

β-

Kr100
0+

50 ms

β-

Kr101
5/2+

16 ms

β-

Kr102
0+

23 ms

β-

Kr103
1/2+

18 ms

β-

Kr104
0+

15 ms

β-

Kr105
7/2-

11 ms

β-

Kr106
0+

9 ms

β-

Kr107
5/2+
7 ms

β-

Kr108
0+

5 ms

β-

Kr109
9/2-
5 ms

β-

Kr110
0+

3 ms

β-

Kr111
1/2-
3 ms

β-

Kr112
0+

3 ms

β-

Kr113
3/2-
3 ms

β-

Kr114
0+

2.2 ms

β-

Kr115
1/2-

2.0 ms

β-

Kr116
0+

1.9 ms

β-

Kr117
11/2-

2.4 ms

β-

Kr118
0+

1.2 ms

β-

Kr119
7/2-

1.1 ms

β-

Kr120
0+

1.0 ms

β-

Kr121
3/2-

800 us

β-

Kr122
0+

900 us

β-

Kr123
1/2+

700 us

β-

Kr124
0+

600 us

β-

Rb66
2-,5-
3 ms

EC

Rb67
3/2+
7 ms

EC

Rb68
1-,2-
6 ms

EC

Rb69
3/2+

13 ms

EC

Rb70
3-,4-

12 ms

EC

Rb71
7/2+

30 ms

EC

Rb72
1+,8+
30 ms

EC

Rb73
3/2+

300 ms

EC

Rb74
(0+)

64.9 ms

EC

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

19.0 s

EC

Rb76
1

39.1 s

EC

Rb77
3/2-

3.75 m

EC

Rb78
0(+)

17.66 m

EC
*

Rb79
5/2+

22.9 m

EC

Rb80
1+

34 s

EC

Rb81
3/2-

4.576 h

EC
*

Rb82
1+

1.273 m

EC
*

Rb83
5/2-

86.2 d

EC

Rb84
2-

32.77 d

EC,β-
*

Rb86
2-

18.631 d

EC,β-
*

Rb88
2-

17.78 m

β-

Rb89
3/2-

15.15 m

β-

Rb90
0-

158 s

β-
*

Rb91
3/2(-)
58.4 s

β-

Rb92
0-

4.492 s

β-n

Rb93
5/2-

5.84 s

β-n

Rb94
3(-)

2.702 s

β-n

Rb95
5/2-

377.5 ms

β-n

Rb96
2+

0.199 s

β-n

Rb97
3/2(+)

169.9 ms

β-n

Rb98
(1,0)

114 ms

β-n,β-2n,...
*

Rb99
(5/2+)
59 ms

β-n

Rb100
[1-,4-]
51 ms

β-n,β-2n,...

Rb101
[3/2+]
32 ms

β-n

Rb102
[1+,4+]
37 ms

β-n

Rb103
3/2+

18 ms

β-

Rb104
1+,2+
14 ms

β-

Rb105
3/2+

12 ms

β-

Rb106
2-,5-

10 ms

β-

Rb107
3/2+
8 ms

β-

Rb108
1+,4+
8 ms

β-

Rb109
3/2+
6 ms

β-

Rb110
3-,6-
6 ms

β-

Rb111
7/2+
3 ms

β-

Rb112
3-,4-
3 ms

β-

Rb113
1/2-
4 ms

β-

Rb114
1+,2+
3 ms

β-

Rb115
1/2-
3 ms

β-

Rb116
0+,1+
3 ms

β-

Rb117
1/2-

2.5 ms

β-

Rb118
4+,7+
3 ms

β-

Rb119
3/2-

1.6 ms

β-

Rb120
3+,4+
1.5 ms

β-

Rb121
1/2-

1.4 ms

β-

Rb122
0+,3+
1.2 ms

β-

Rb123
3/2+

1.2 ms

β-

Rb124
1+,4+
1.1 ms

β-

Rb125
3/2+

600 us

β-

Rb126
2-,3-

700 us

β-

Rb127
3/2+

700 us

β-

Rb128
0+,3+
600 us

β-

Sr68
0+

8 ms

EC

Sr69
1/2-
7 ms

EC

Sr70
0+

16 ms

EC

Sr71
3/2-

14 ms

EC

Sr72
0+

60 ms

EC

Sr73
3/2-

40 ms

EC

Sr74
0+

400 ms

EC

Sr75
3/2+

200 ms

EC

Sr76
0+
9 s

EC

Sr77
(5/2+,7/2+)

9.0 s

ECp

Sr78
0+

2.5 m

EC

Sr79
(3/2-)

2.25 m

EC

Sr80
0+

106.3 m

EC

Sr81
1/2-

22.3 m

EC

Sr82
0+

25.55 d

EC

Sr83
7/2+

32.41 h

EC
*

Sr85
9/2+

64.84 d

EC
**

Sr89
5/2+

50.53 d

β-

Sr90
0+

28.78 y

β-

Sr91
5/2+

9.63 h

β-

Sr92
0+

2.71 h

β-

Sr93
5/2+

7.423 m

β-

Sr94
0+

75.3 s

β-

Sr95
1/2+

23.90 s

β-

Sr96
0+

1.07 s

β-

Sr97
1/2+

426 ms

β-n

Sr98
0+

0.653 s

β-n

Sr99
3/2+

0.269 s

β-n

Sr100
0+

202 ms

β-n

Sr101
(5/2)

118 ms

β-n

Sr102
0+

69 ms

β-n

Sr103
5/2+

40 ms

β-

Sr104
0+

80 ms

β-

Sr105
1/2+

60 ms

β-

Sr106
0+

40 ms

β-

Sr107
7/2-

30 ms

β-

Sr108
0+

24 ms

β-

Sr109
1/2-

20 ms

β-

Sr110
0+

14 ms

β-

Sr111
5/2+

12 ms

β-

Sr112
0+

7 ms

β-

Sr113
5/2-
6 ms

β-

Sr114
0+

6 ms

β-

Sr115
3/2-
5 ms

β-

Sr116
0+

4 ms

β-

Sr117
1/2-
4 ms

β-

Sr118
0+

3 ms

β-

Sr119
1/2-
5 ms

β-

Sr120
0+

2.4 ms

β-

Sr121
7/2-

1.9 ms

β-

Sr122
0+

1.9 ms

β-

Sr123
5/2-

1.9 ms

β-

Sr124
0+

1.6 ms

β-

Sr125
5/2+

1.7 ms

β-

Sr126
0+

900 us

β-

Sr127
1/2+

800 us

β-

Sr128
0+

1.0 ms

β-

Sr129
3/2+

700 us

β-

Sr130
0+

700 us

β-

Sr131
3/2-

700 us

β-

Y70
2-,3-
4 ms

EC

Y71
5/2+
8 ms

EC

Y72
2+,3+
7 ms

EC

Y73
5/2+

17 ms

EC

Y74
1-,4-

16 ms

EC

Y75
5/2+

40 ms

EC

Y76
1+,4+
40 ms

EC

Y77
5/2+

190 ms

EC

Y78
0+,5+

210 ms

EC

Y79
[5/2+]
2.4 s

Y80
(3,4,5)

35 s

EC

Y81
(5/2+)
72.4 s

EC

Y82
1+

9.5 s

EC

Y83
(9/2+)
7.08 m

EC
*

Y84
1+

4.6 s

EC
*

Y85
(1/2)-
2.68 h

EC
*

Y86
4-

14.74 h

EC
*

Y87
1/2-

79.8 h

EC
*

Y88
4-

106.65 d

EC
**

Y90
2-

64.10 h

β-
*

Y91
1/2-

58.51 d

*

Y92
2-

3.54 h

β-

Y93
1/2-

10.18 h

β-
*

Y94
2-

18.7 m

β-

Y95
1/2-

10.3 m

β-

Y96
0-

5.34 s

β-
*

Y97
(1/2-)
3.75 s

β-n
**

Y98
(0)-

0.548 s

β-n
*

Y99
5/2+

1.470 s

β-n

Y100
1-,2-

735 ms

β-n
*

Y101
(5/2+)
448 ms

β-n

Y102
[1+,4+]
0.36 s

β-n
*

Y103
5/2+

90 ms

β-

Y104
0+,5+
30 ms

β-

Y105
5/2+

50 ms

β-

Y106
2+,3+
40 ms

β-

Y107
5/2+

30 ms

β-

Y108
1-,6-

30 ms

β-

Y109
5/2+

19 ms

β-

Y110
2-,3-

16 ms

β-

Y111
5/2+

12 ms

β-

Y112
0+,5+
9 ms

β-

Y113
5/2+

12 ms

β-

Y114
2-,7-
6 ms

β-

Y115
9/2+
5 ms

β-

Y116
3-,6-
5 ms

β-

Y117
9/2+
4 ms

β-

Y118
4-,5-
4 ms

β-

Y119
9/2+
3 ms

β-

Y120
3+,4+
7 ms

β-

Y121
1/2-
3 ms

β-

Y122
2+,3+
2.5 ms

β-

Y123
1/2-
3 ms

β-

Y124
3+,4+
2.4 ms

β-

Y125
1/2+

2.1 ms

β-

Y126
3+,4+
2.1 ms

β-

Y127
1/2+

1.3 ms

β-

Y128
1+,2+
1.0 ms

β-

Y129
3/2+

1.0 ms

β-

Y130
1-,4-

1.1 ms

β-

Y131
5/2-

800 us

β-

Y132
1+,4+
800 us

β-

Y133
5/2-

700 us

β-

Y134
0-,5-

700 us

β-

Zr72
0+

7 ms

EC

Zr73
3/2-
7 ms

EC

Zr74
0+

18 ms

EC

Zr75
3/2-

17 ms

EC

Zr76
0+

50 ms

EC

Zr77
3/2+

30 ms

EC

Zr78
0+

300 ms

EC

Zr79
5/2+

160 ms

EC

Zr80
0+
7 s

Zr81
[1/2+]
15 s

ECp

Zr82
0+

32 s

EC

Zr83
(1/2-)
44 s

ECp

Zr84
0+

25.9 m

EC

Zr85
7/2+

7.86 m

EC
*

Zr86
0+

16.5 h

EC

Zr87
(9/2)+
1.68 h

EC
*

Zr88
0+

83.4 d

EC

Zr89
9/2+

78.41 h

EC
**

Zr93
5/2+

1.53E+6 y

β-

Zr95
5/2+

64.02 d

β-

Zr97
1/2+

16.91 h

β-

Zr98
0+

30.7 s

β-

Zr99
1/2+
2.1 s

β-

Zr100
0+

7.1 s

β-

Zr101
(3/2+)
2.1 s

β-

Zr102
0+

2.9 s

β-

Zr103
(5/2)
1.3 s

β-

Zr104
0+

1.2 s

β-

Zr105
5/2+

100 ms

β-

Zr106
0+

400 ms

β-

Zr107
1/2+

220 ms

β-

Zr108
0+

180 ms

β-

Zr109
7/2-

140 ms

β-

Zr110
0+

80 ms

β-

Zr111
1/2-

60 ms

β-

Zr112
0+

50 ms

β-

Zr113
5/2+

40 ms

β-

Zr114
0+

20 ms

β-

Zr115
5/2-

17 ms

β-

Zr116
0+

12 ms

β-

Zr117
3/2-

12 ms

β-

Zr118
0+

9 ms

β-

Zr119
1/2-
9 ms

β-

Zr120
0+

7 ms

β-

Zr121
7/2-

11 ms

β-

Zr122
0+

4 ms

β-

Zr123
5/2-
4 ms

β-

Zr124
0+

4 ms

β-

Zr125
3/2+
3 ms

β-

Zr126
0+

3 ms

β-

Zr127
1/2+

1.7 ms

β-

Zr128
0+

1.6 ms

β-

Zr129
1/2+

1.6 ms

β-

Zr130
0+

1.4 ms

β-

Zr131
3/2+

1.5 ms

β-

Zr132
0+

1.1 ms

β-

Zr133
3/2-

1.0 ms

β-

Zr134
0+

1.0 ms

β-

Zr135
5/2+

900 us

β-

Zr136
0+

800 us

β-

Zr137
5/2-

700 us

β-

Nb74
3-,4-
3 ms

EC

Nb75
1/2+
5 ms

EC

Nb76
1-,2-
7 ms

EC

Nb77
1/2+

12 ms

EC

Nb78
1+,2+
10 ms

EC

Nb79
1/2+

40 ms

EC

Nb80
2+,3+
40 ms

EC

Nb81
1/2+

210 ms

EC

Nb82
0+,1+

700 ms

EC

Nb83
(5/2+)
4.1 s

EC

Nb84
(3+)
12 s

ECp

Nb85
(9/2+)
20.9 s

EC

Nb86
(5+)
88 s

EC

Nb87
(9/2+)
2.6 m

EC
*

Nb88
(8+)

14.5 m

EC
*

Nb89
(9/2+)
1.9 h

EC
*

Nb90
8+

14.60 h

EC
**

Nb91
9/2+
680 y

EC
*

Nb92
(7)+

3.47E+7 y

EC,β-
**

Nb94
(6)+

2.03E+4 y

β-
*

Nb95
9/2+

34.975 d

β-
*

Nb96
6+

23.35 h

β-

Nb97
9/2+

72.1 m

β-
*

Nb98
1+

2.86 s

β-
*

Nb99
9/2+

15.0 s

β-
*

Nb100
1+

1.5 s

β-
**

Nb101
+

7.1 s

β-

Nb102
1+

1.3 s

β-
*

Nb103
(5/2+)
1.5 s

β-

Nb104
(1+)
4.8 s

β-n
*

Nb105
(5/2+)
2.95 s

β-

Nb106
[2+,3+]
1.02 s

β-

Nb107
[1/2+]
330 ms

β-

Nb108
1-,2-

500 ms

β-

Nb109
5/2-

500 ms

β-

Nb110
1+,6+

400 ms

β-

Nb111
5/2-

200 ms

β-

Nb112
0-,1-

100 ms

β-

Nb113
1/2+

60 ms

β-

Nb114
1-,6-

22 ms

β-

Nb115
7/2+

15 ms

β-

Nb116
1-,6-

15 ms

β-

Nb117
7/2+

11 ms

β-

Nb118
2-,5-

11 ms

β-

Nb119
7/2+
9 ms

β-

Nb120
3-,4-
8 ms

β-

Nb121
7/2+
6 ms

β-

Nb122
4-,5-

12 ms

β-

Nb123
1/2+
5 ms

β-

Nb124
1-,8-
4 ms

β-

Nb125
9/2+
4 ms

β-

Nb126
1-,2-
3 ms

β-

Nb127
1/2+
3 ms

β-

Nb128
1+,2+
1.5 ms

β-

Nb129
3/2+

1.9 ms

β-

Nb130
1+,2+
1.9 ms

β-

Nb131
3/2-

1.7 ms

β-

Nb132
0-,3-

1.8 ms

β-

Nb133
3/2-

1.4 ms

β-

Nb134
0+,3+
1.2 ms

β-

Nb135
3/2-

1.2 ms

β-

Nb136
1-,4-

1.1 ms

β-

Nb137
5/2+

900 us

β-

Nb138
0-,5-

800 us

β-

Nb139
5/2-

800 us

β-

Nb140
2+,3+
700 us

β-

Mo77
9/2+
4 ms

EC

Mo78
0+

7 ms

EC

Mo79
3/2-
5 ms

EC

Mo80
0+

50 ms

EC

Mo81
5/2+

30 ms

EC

Mo82
0+

70 ms

EC

Mo83
7/2+

90 ms

EC

Mo84
0+

1.1 s

EC

Mo85
3/2+

400 ms

EC

Mo86
0+
8 s

Mo87
(7/2+)
13.4 s

ECp

Mo88
0+

8.0 m

EC

Mo89
(9/2+)
2.04 m

EC
*

Mo90
0+

5.67 h

EC

Mo91
9/2+

15.49 m

EC
*

Mo93
5/2+

4.0E+3 y

EC
*

Mo99
1/2+

65.94 h

β-

Mo101
1/2+

14.61 m

β-

Mo102
0+

11.3 m

β-

Mo103
(3/2+)
67.5 s

β-

Mo104
0+

60 s

β-

Mo105
(5/2-)
35.6 s

β-

Mo106
0+

8.4 s

β-

Mo107
[5/2+]
3.5 s

β-

Mo108
0+

1.5 s

β-

Mo109
[1/2+]
0.53 s

β-

Mo110
0+

1.8 s

β-

Mo111
7/2-
1.2 s

β-

Mo112
0+

600 ms

β-

Mo113
5/2-

150 ms

β-

Mo114
0+

100 ms

β-

Mo115
1/2+

60 ms

β-

Mo116
0+

50 ms

β-

Mo117
5/2-

50 ms

β-

Mo118
0+

30 ms

β-

Mo119
3/2-

30 ms

β-

Mo120
0+

24 ms

β-

Mo121
1/2-

22 ms

β-

Mo122
0+

17 ms

β-

Mo123
11/2-
30 ms

β-

Mo124
0+

11 ms

β-

Mo125
7/2-
9 ms

β-

Mo126
0+

8 ms

β-

Mo127
3/2-
8 ms

β-

Mo128
0+

7 ms

β-

Mo129
3/2-
3 ms

β-

Mo130
0+

3 ms

β-

Mo131
1/2+
3 ms

β-

Mo132
0+

2.2 ms

β-

Mo133
3/2+

2.3 ms

β-

Mo134
0+

1.8 ms

β-

Mo135
3/2-

1.5 ms

β-

Mo136
0+

1.5 ms

β-

Mo137
5/2+

1.4 ms

β-

Mo138
0+

1.3 ms

β-

Mo139
5/2-

1.0 ms

β-

Mo140
0+

1.0 ms

β-

Mo141
1/2-

900 us

β-

Mo142
0+

800 us

β-

Mo143
7/2+

800 us

β-

Mo144
0+

700 us

β-

Tc79
5/2+
6 ms

EC

Tc80
1-,4-
3 ms

EC

Tc81
5/2+
7 ms

EC

Tc82
2+,7+
10 ms

EC

Tc83
5/2+

30 ms

EC

Tc84
1+,6+
40 ms

EC

Tc85
3/2+

70 ms

EC

Tc86
0+,3+
90 ms

EC

Tc87
3/2+

300 ms

EC

Tc88
(7-,8+)
300 ms

Tc89
(9/2+)
12.8 s

EC
*

Tc90
1+

8.7 s

EC
*

Tc91
(9/2)+
3.14 m

EC
*

Tc92
(8)+

4.23 m

EC

Tc93
9/2+

2.75 h

EC
*

Tc94
7+

293 m

EC
*

Tc95
9/2+

20.0 h

EC
*

Tc96
7+

4.28 d

EC
*

Tc97
9/2+

2.6E6 y

EC
*

Tc98
(6)+

4.2E+6 y

β-

Tc99
9/2+

2.111E+5 y

β-
*

Tc100
1+

15.8 s

β-

Tc101
(9/2)+

14.22 m

β-

Tc102
1+

5.28 s

β-
*

Tc103
5/2+

54.2 s

β-

Tc104
(3+)

18.3 m

β-

Tc105
(3/2-)
7.6 m

β-

Tc106
(1,2)
35.6 s

β-

Tc107
[3/2-]
21.2 s

β-

Tc108
(2-,3)
5.17 s

β-

Tc109
[5/2+]
0.87 s

β-

Tc110
[2-,7-]
0.92 s

β-

Tc111
[5/2+]
0.30 s

β-

Tc112
1-,6-

160 ms

β-

Tc113
[5/2+]
130 ms

β-

Tc114
0-,5-

90 ms

β-

Tc115
5/2+

70 ms

β-

Tc116
2+,3+
50 ms

β-

Tc117
5/2+

40 ms

β-

Tc118
0-,5-

40 ms

β-

Tc119
5/2+

30 ms

β-

Tc120
1-,4-

20 ms

β-

Tc121
5/2+

19 ms

β-

Tc122
2-,3-

18 ms

β-

Tc123
5/2+

13 ms

β-

Tc124
4-,7-

18 ms

β-

Tc125
7/2+
9 ms

β-

Tc126
0-,7-
8 ms

β-

Tc127
9/2+
7 ms

β-

Tc128
0-,3-
7 ms

β-

Tc129
3/2+
4 ms

β-

Tc130
1+,2+
3 ms

β-

Tc131
1/2+
4 ms

β-

Tc132
0-,1-
3 ms

β-

Tc133
5/2+

2.1 ms

β-

Tc134
1+,4+
2.2 ms

β-

Tc135
5/2+

2.1 ms

β-

Tc136
1-,4-

1.6 ms

β-

Tc137
5/2+

1.7 ms

β-

Tc138
0+,5+
1.6 ms

β-

Tc139
3/2-

1.5 ms

β-

Tc140
1+,4+
1.3 ms

β-

Tc141
3/2-

1.2 ms

β-

Tc142
1+,2+
1.1 ms

β-

Tc143
3/2-

1.0 ms

β-

Tc144
2-,5-

1.0 ms

β-

Tc145
3/2-

900 us

β-

Tc146
1+,4+
700 us

β-

Tc147
3/2-

600 us

β-

Ru81
1/2-
5 ms

EC

Ru82
0+

12 ms

EC

Ru83
1/2-
4 ms

EC

Ru84
0+

11 ms

EC

Ru85
1/2+

20 ms

EC

Ru86
0+

90 ms

EC

Ru87
3/2+

70 ms

EC

Ru88
0+

700 ms

EC

Ru89
5/2+

300 ms

EC

Ru90
0+

13 s

EC

Ru91
(9/2+)

9 s

EC
*

Ru92
0+

3.65 m

EC

Ru93
(9/2)+
59.7 s

EC
*

Ru94
0+

51.8 m

EC

Ru95
5/2+

1.643 h

EC

Ru97
5/2+
2.9 d

Ru103
3/2+

39.26 d

β-
*

Ru105
3/2+

4.44 h

β-

Ru106
0+

373.59 d

β-

Ru107
(5/2)+
3.75 m

β-

Ru108
0+

4.55 m

β-

Ru109
(5/2+)
34.5 s

β-

Ru110
0+

14.6 s

β-

Ru111
[9/2-]
2.12 s

β-

Ru112
0+

1.75 s

β-

Ru113
[7/2-]
0.80 s

β-

Ru114
0+

0.5 s

β-

Ru115
[5/2-]
0.40 s

β-n

Ru116
0+

500 ms

β-

Ru117
1/2+

180 ms

β-

Ru118
0+

220 ms

β-

Ru119
5/2-

200 ms

β-

Ru120
0+

120 ms

β-

Ru121
3/2-

110 ms

β-

Ru122
0+

80 ms

β-

Ru123
1/2-

70 ms

β-

Ru124
0+

50 ms

β-

Ru125
11/2-
90 ms

β-

Ru126
0+

30 ms

β-

Ru127
7/2-

30 ms

β-

Ru128
0+

30 ms

β-

Ru129
3/2-

23 ms

β-

Ru130
0+

20 ms

β-

Ru131
1/2-
5 ms

β-

Ru132
0+

6 ms

β-

Ru133
1/2+
5 ms

β-

Ru134
0+

4 ms

β-

Ru135
3/2+
4 ms

β-

Ru136
0+

3 ms

β-

Ru137
3/2-

2.4 ms

β-

Ru138
0+

2.3 ms

β-

Ru139
5/2+

2.3 ms

β-

Ru140
0+

1.9 ms

β-

Ru141
5/2-

1.6 ms

β-

Ru142
0+

1.5 ms

β-

Ru143
1/2-

1.4 ms

β-

Ru144
0+

1.2 ms

β-

Ru145
7/2+

1.2 ms

β-

Ru146
0+

1.0 ms

β-

Ru147
5/2-

900 us

β-

Ru148
0+

700 us

β-

Ru149
7/2-

700 us

β-

Ru150
0+

700 us

β-

Rh83
3/2+

10 ms

EC

Rh84
2-,3-
5 ms

EC

Rh85
5/2+

10 ms

EC

Rh86
2+,3+
10 ms

EC

Rh87
5/2+

22 ms

EC

Rh88
1+,4+
18 ms

EC

Rh89
5/2+

80 ms

EC

Rh90
0+,5+
80 ms

EC

Rh91
5/2+

400 ms

EC

Rh92
1+,6+

300 ms

EC

Rh93
5/2+
3 s

EC

Rh94
(3+)

70.6 s

ECp
*

Rh95
(9/2)+
5.02 m

EC
*

Rh96
6+

9.90 m

EC
*

Rh97
(9/2)+
30.7 m

EC
*

Rh98
(2)+

8.7 m

EC
*

Rh99
(1/2-)
16.1 d

EC
*

Rh100
1-

20.8 h

EC
*

Rh101
1/2-
3.3 y

EC
*

Rh102
(1-,2-)
207 d

EC,β-
**

Rh104
1+

42.3 s

EC,β-
*

Rh105
7/2+

35.36 h

β-
*

Rh106
1+

29.80 s

β-
*

Rh107
7/2+

21.7 m

β-

Rh108
(5+)

6.0 m

β-
*

Rh109
7/2+
80 s

β-

Rh110
1+

3.2 s

β-
*

Rh111
(7/2+)
11 s

β-

Rh112
1+

3.8 s

β-
*

Rh113
[3/2+]
2.72 s

β-

Rh114
(1+)

1.85 s

β-
*

Rh115
(7/2+)
0.99 s

β-

Rh116
1+

0.68 s

β-
*

Rh117
(7/2+)
0.44 s

β-

Rh118
1+,2+

130 ms

β-

Rh119
3/2+

110 ms

β-

Rh120
1-,4-

90 ms

β-

Rh121
3/2+

60 ms

β-

Rh122
0-,3-

60 ms

β-

Rh123
3/2+

50 ms

β-

Rh124
1-,2-

40 ms

β-

Rh125
5/2+

30 ms

β-

Rh126
3-,8-

40 ms

β-

Rh127
5/2+

22 ms

β-

Rh128
1-,6-

18 ms

β-

Rh129
9/2+

17 ms

β-

Rh130
1-,4-

16 ms

β-

Rh131
5/2+
8 ms

β-

Rh132
2-,3-
3 ms

β-

Rh133
5/2+
5 ms

β-

Rh134
2+,3+
5 ms

β-

Rh135
5/2+
4 ms

β-

Rh136
1-,2-
4 ms

β-

Rh137
1/2-
4 ms

β-

Rh138
1+,2+
3 ms

β-

Rh139
1/2-
3 ms

β-

Rh140
2+,3+
2.4 ms

β-

Rh141
1/2-

2.4 ms

β-

Rh142
2-,3-

1.9 ms

β-

Rh143
1/2+

1.8 ms

β-

Rh144
0-,1-

1.7 ms

β-

Rh145
1/2+

1.5 ms

β-

Rh146
3+,4+
1.5 ms

β-

Rh147
1/2+

1.3 ms

β-

Rh148
2-,3-

1.1 ms

β-

Rh149
7/2+

800 us

β-

Rh150
0-,7-

800 us

β-

Rh151
7/2+

700 us

β-

Rh152
3-,4-

700 us

β-

Rh153
7/2+

700 us

β-

Pd86
0+

9 ms

EC

Pd87
1/2+
8 ms

EC

Pd88
0+

20 ms

EC

Pd89
3/2+

16 ms

EC

Pd90
0+

70 ms

EC

Pd91
5/2+

50 ms

EC

Pd92
0+

500 ms

EC

Pd93
7/2+

220 ms

EC

Pd94
0+

9.0 s

EC

Pd95
[9/2+]
900 ms

*

Pd96
0+

122 s

EC

Pd97
(5/2+)
3.10 m

EC

Pd98
0+

17.7 m

EC

Pd99
(5/2)+
21.4 m

EC

Pd100
0+

3.63 d

EC

Pd101
(5/2+)
8.47 h

EC

Pd103
5/2+

16.991 d

EC

Pd107
5/2+

6.5E+6 y

β-
*

Pd109
5/2+

13.7012 h

β-
*

Pd111
5/2+

23.4 m

β-
*

Pd112
0+

21.03 h

β-

Pd113
(5/2)+
93 s

β-
**

Pd114
0+

2.42 m

β-

Pd115
(5/2+)
25 s

β-
*

Pd116
0+

12.4 s

β-

Pd117
(5/2+)
4.3 s

β-
*

Pd118
0+

1.9 s

β-

Pd119
[1/2+]
0.92 s

β-

Pd120
0+
3 s

β-

Pd121
5/2-
1.8 s

β-

Pd122
0+

1.1 s

β-

Pd123
3/2-

500 ms

β-

Pd124
0+

400 ms

β-

Pd125
9/2-

400 ms

β-

Pd126
0+

250 ms

β-

Pd127
11/2-

300 ms

β-

Pd128
0+

130 ms

β-

Pd129
7/2-

110 ms

β-

Pd130
0+

100 ms

β-

Pd131
3/2-

90 ms

β-

Pd132
0+

70 ms

β-

Pd133
1/2-
7 ms

β-

Pd134
0+

12 ms

β-

Pd135
3/2-
5 ms

β-

Pd136
0+

7 ms

β-

Pd137
3/2+
5 ms

β-

Pd138
0+

6 ms

β-

Pd139
3/2-
4 ms

β-

Pd140
0+

5 ms

β-

Pd141
5/2+
4 ms

β-

Pd142
0+

3 ms

β-

Pd143
5/2-
3 ms

β-

Pd144
0+

2.5 ms

β-

Pd145
1/2-

2.3 ms

β-

Pd146
0+

1.9 ms

β-

Pd147
7/2+

1.8 ms

β-

Pd148
0+

1.6 ms

β-

Pd149
5/2-

1.3 ms

β-

Pd150
0+

1.1 ms

β-

Pd151
7/2-

1.0 ms

β-

Pd152
0+

900 us

β-

Pd153
1/2-

900 us

β-

Pd154
0+

800 us

β-

Pd155
1/2-

800 us

β-

Pd156
0+

700 us

β-

Ag88
3+,4+
5 ms

EC

Ag89
7/2+

11 ms

EC

Ag90
2+,5+
10 ms

EC

Ag91
7/2+

20 ms

EC

Ag92
1+,6+
21 ms

EC

Ag93
7/2+

90 ms

EC

Ag94
0+,7+
80 ms

EC

Ag95
7/2+

700 ms

EC

Ag96
(8+,9+)

5.1 s

ECp

Ag97
(9/2+)
19 s

EC

Ag98
(5+)

46.7 s

EC

Ag99
(9/2)+
124 s

EC
*

Ag100
(5)+

2.01 m

EC
*

Ag101
9/2+

11.1 m

EC
*

Ag102
5+

12.9 m

EC
*

Ag103
7/2+

65.7 m

EC
*

Ag104
5+

69.2 m

EC
*

Ag105
1/2-

41.29 d

EC
*

Ag106
1+

23.96 m

EC,β-
**

Ag108
1+

2.37 m

EC,β-
**

Ag110
1+

24.6 s

EC,β-
*

Ag111
1/2-

7.45 d

β-
*

Ag112
2(-)

3.130 h

β-

Ag113
1/2-

5.37 h

β-
*

Ag114
1+

4.6 s

β-

Ag115
1/2-

20.0 m

β-
*

Ag116
(2-)

2.68 m

β-
*

Ag117
(1/2-)
72.8 s

β-
*

Ag118
(1)-

3.76 s

β-
*

Ag119
(7/2+)
2.1 s

β-
*

Ag120
[0-,7-]
1.23 s

β-
*

Ag121
(7/2+)
0.78 s

β-n

Ag122
(3+)

0.48 s

β-n
*

Ag123
(7/2+)
0.309 s

β-n

Ag124
0-,3-

120 ms

β-

Ag125
9/2+

110 ms

β-

Ag126
1-,10-

120 ms

β-

Ag127
3/2+

80 ms

β-

Ag128
2-,9-

90 ms

β-

Ag129
9/2+

50 ms

β-

Ag130
2-,5-

40 ms

β-

Ag131
5/2+

40 ms

β-

Ag132
3-,6-

30 ms

β-

Ag133
7/2+

30 ms

β-

Ag134
3-,4-
5 ms

β-

Ag135
7/2+
7 ms

β-

Ag136
2-,5-
3 ms

β-

Ag137
7/2+
6 ms

β-

Ag138
2+,5+
5 ms

β-

Ag139
1/2+
6 ms

β-

Ag140
1-,2-
5 ms

β-

Ag141
1/2+
5 ms

β-

Ag142
2+,3+
4 ms

β-

Ag143
1/2+
4 ms

β-

Ag144
2+,3+
3 ms

β-

Ag145
1/2-
3 ms

β-

Ag146
0+,1+
3 ms

β-

Ag147
1/2-

2.5 ms

β-

Ag148
0+,7+
1.9 ms

β-

Ag149
7/2+

1.7 ms

β-

Ag150
2-,3-

1.7 ms

β-

Ag151
1/2+

1.4 ms

β-

Ag152
3+,4+
1.1 ms

β-

Ag153
1/2-

1.1 ms

β-

Ag154
0+,1+
1.1 ms

β-

Ag155
1/2-

1.0 ms

β-

Ag156
0+,1+
900 us

β-

Ag157
1/2-

900 us

β-

Ag158
1+,2+
800 us

β-

Ag159
1/2-

800 us

β-

Ag160
3+,4+
700 us

β-

Cd90
0+

8 ms

EC

Cd91
3/2+
7 ms

EC

Cd92
0+

20 ms

EC

Cd93
5/2+

16 ms

EC

Cd94
0+

70 ms

EC

Cd95
7/2+

50 ms

EC

Cd96
0+

800 ms

EC

Cd97
[9/2+]

3 s

ECp

Cd98
0+

9.2 s

EC

Cd99
(5/2+)
16 s

ECp,ECα,...

Cd100
0+

49.1 s

EC

Cd101
(5/2+)
1.2 m

EC

Cd102
0+

5.5 m

EC

Cd103
(5/2+)
7.3 m

EC

Cd104
0+

57.7 m

EC

Cd105
5/2+

55.5 m

EC

Cd107
5/2+

6.50 h

EC

Cd109
5/2+

462.6 d

EC
**

Cd115
1/2+

53.46 h

β-
*

Cd117
1/2+

2.49 h

β-
*

Cd118
0+

50.3 m

β-

Cd119
3/2+

2.69 m

β-
*

Cd120
0+

50.80 s

β-

Cd121
(3/2+)
13.5 s

β-
*

Cd122
0+

5.24 s

β-

Cd123
(3/2)+
2.10 s

β-
*

Cd124
0+

0.9 s

β-

Cd125
(3/2+)
0.65 s

β-
*

Cd126
0+

0.506 s

β-

Cd127
(3/2+)
0.43 s

β-

Cd128
0+

0.34 s

β-

Cd129
[11/2-]
0.27 s

β-

Cd130
0+

0.20 s

β-n

Cd131
7/2-

900 ms

β-

Cd132
0+

600 ms

β-

Cd133
3/2-

500 ms

β-

Cd134
0+

400 ms

β-

Cd135
3/2-

300 ms

β-

Cd136
0+

160 ms

β-

Cd137
3/2-
9 ms

β-

Cd138
0+

16 ms

β-

Cd139
3/2+
7 ms

β-

Cd140
0+

7 ms

β-

Cd141
3/2-
8 ms

β-

Cd142
0+

8 ms

β-

Cd143
5/2+
7 ms

β-

Cd144
0+

6 ms

β-

Cd145
5/2-
4 ms

β-

Cd146
0+

4 ms

β-

Cd147
1/2-
4 ms

β-

Cd148
0+

3 ms

β-

Cd149
5/2-
3 ms

β-

Cd150
0+

3 ms

β-

Cd151
5/2-

2.3 ms

β-

Cd152
0+

1.9 ms

β-

Cd153
7/2-

1.6 ms

β-

Cd154
0+

1.4 ms

β-

Cd155
9/2+

1.4 ms

β-

Cd156
0+

1.2 ms

β-

Cd157
1/2-

1.2 ms

β-

Cd158
0+

1.1 ms

β-

Cd159
3/2-

1.0 ms

β-

Cd160
0+

1.0 ms

β-

Cd161
7/2-

900 us

β-

Cd162
0+

800 us

β-

Cd163
11/2+
800 us

β-

In92
3+,6+
6 ms

EC

In93
9/2+

13 ms

EC

In94
2+,7+
12 ms

EC

In95
9/2+

30 ms

EC

In96
1+,8+
20 ms

EC

In97
9/2+

170 ms

EC

In98
0+,9+
90 ms

EC

In99
9/2+
4 s

EC

In100
[4+,5+]

7 s
In101
[9/2+]
16 s

ECp

In102
(5)
24 s

EC

In103
(9/2+)
65 s

EC

In104
(6+)

1.8 m

EC
*

In105
(9/2)+
5.07 m

EC
*

In106
7+

6.2 m

EC
*

In107
9/2+

32.4 m

EC
*

In108
7+

58.0 m

EC
*

In109
9/2+
4.2 h

EC
**

In110
7+

4.9 h

EC
*

In111
9/2+

2.8049 d

EC
*

In112
1+

14.97 m

EC,β-
**

In114
1+

71.9 s

EC,β-
***

In116
1+

14.10 s

EC,β-
**

In117
9/2+

43.2 m

β-
*

In118
1+

5.0 s

β-
**

In119
9/2+
2.4 m

β-
*

In120
1+

3.08 s

β-
**

In121
9/2+

23.1 s

β-
*

In122
1+

1.5 s

β-
**

In123
9/2+

5.98 s

β-
*

In124
3+

3.17 s

β-
*

In125
9/2(+)
2.36 s

β-
*

In126
3(+)

1.60 s

β-
*

In127
(9/2+)
1.09 s

β-n
*

In128
(3+)

0.84 s

β-n
*

In129
(9/2+)
0.61 s

β-n
*

In130
1(-)

0.32 s

β-n
**

In131
(9/2+)
0.282 s

β-n
**

In132
(7-)

0.201 s

β-n

In133
[9/2+]
180 ms

β-n

In134
3-,6-

100 ms

β-

In135
9/2+

90 ms

β-

In136
2-,7-

70 ms

β-

In137
9/2+

50 ms

β-

In138
2+,7+
13 ms

β-

In139
9/2+

11 ms

β-

In140
2-,7-
8 ms

β-

In141
1/2+
7 ms

β-

In142
2-,5-
5 ms

β-

In143
7/2+
8 ms

β-

In144
1+,6+
6 ms

β-

In145
7/2+
6 ms

β-

In146
1-,6-
4 ms

β-

In147
7/2+
4 ms

β-

In148
3-,4-
4 ms

β-

In149
7/2+
4 ms

β-

In150
1-,6-
3 ms

β-

In151
1/2-
3 ms

β-

In152
2+,3+
3 ms

β-

In153
1/2-

2.4 ms

β-

In154
3-,4-

2.0 ms

β-

In155
1/2+

1.9 ms

β-

In156
4+,5+
1.9 ms

β-

In157
1/2+

1.6 ms

β-

In158
0-,1-

1.6 ms

β-

In159
1/2+

1.4 ms

β-

In160
3-,6-

1.1 ms

β-

In161
9/2+

1.0 ms

β-

In162
3-,6-

900 us

β-

In163
9/2+

900 us

β-

In164
1+,10+
900 us

β-

In165
9/2+

800 us

β-

In166
1+,10+
700 us

β-

Sn94
0+

8 ms

EC

Sn95
1/2+
8 ms

EC

Sn96
0+

23 ms

EC

Sn97
9/2+

15 ms

EC

Sn98
0+

100 ms

EC

Sn99
9/2+

40 ms

EC

Sn100
0+

1.8 s

EC

Sn101
1/2+
3 s

EC

Sn102
0+

18 s
Sn103

[3/2+]
7 s

EC

Sn104
0+

20.8 s

EC

Sn105
[5/2+]
31 s

ECp

Sn106
0+

115 s

EC

Sn107
(5/2+)
2.90 m

EC

Sn108
0+

10.30 m

EC

Sn109
5/2(+)
18.0 m

EC

Sn110
0+

4.11 h

EC

Sn111
7/2+

35.3 m

EC

Sn113
1/2+

115.09 d

EC
***

Sn121
3/2+

27.06 h

β-
*

Sn123
11/2-

129.2 d

β-
*

Sn125
11/2-
9.64 d

β-
*

Sn126
0+

1E+5 y

β-

Sn127
(11/2-)
2.10 h

β-
*

Sn128
0+

59.07 m

β-
*

Sn129
(3/2+)
2.23 m

β-
*

Sn130
0+

3.72 m

β-
*

Sn131
(3/2+)
56.0 s

β-
*

Sn132
0+

39.7 s

β-

Sn133
(7/2-)
1.44 s

β-n

Sn134
0+

1.04 s

β-n

Sn135
1/2-
3 s

β-

Sn136
0+

1.0 s

β-

Sn137
3/2-

800 ms

β-

Sn138
0+

500 ms

β-

Sn139
5/2-

400 ms

β-

Sn140
0+

120 ms

β-

Sn141
3/2-

19 ms

β-

Sn142
0+

40 ms

β-

Sn143
3/2-

14 ms

β-

Sn144
0+

18 ms

β-

Sn145
5/2-

10 ms

β-

Sn146
0+

10 ms

β-

Sn147
5/2-
7 ms

β-

Sn148
0+

6 ms

β-

Sn149
1/2-
6 ms

β-

Sn150
0+

5 ms

β-

Sn151
7/2+
5 ms

β-

Sn152
0+

4 ms

β-

Sn153
5/2-
3 ms

β-

Sn154
0+

3 ms

β-

Sn155
7/2-

2.3 ms

β-

Sn156
0+

2.3 ms

β-

Sn157
9/2+

2.3 ms

β-

Sn158
0+

1.9 ms

β-

Sn159
1/2-

1.9 ms

β-

Sn160
0+

1.8 ms

β-

Sn161
7/2-

1.6 ms

β-

Sn162
0+

1.4 ms

β-

Sn163
3/2-

1.4 ms

β-

Sn164
0+

1.2 ms

β-

Sn165
11/2+
1.2 ms

β-

Sn166
0+

900 us

β-

Sn167
11/2+
900 us

β-

Sn168
0+

Sn169
3/2-

H1
1/2+

99.985

H2
1+

0.015

He3
1/2+

0.000137

He4
0+

99.999863

Li6
1+

7.5

Li7
3/2-

92.5

Be9
3/2-

100

B10
3+

19.9

B11
3/2-

80.1

C12
0+

98.90

C13
1/2-

1.10

N14
1+

99.634

N15
1/2-

0.366

O16
0+

99.762

O17
5/2+

0.038

O18
0+

0.200

F19
1/2+

100

Ne20
0+

90.48

Ne21
3/2+

0.27

Ne22
0+

9.25

Na23
3/2+

100
*

Mg24
0+

78.99

Mg25
5/2+

10.00

Mg26
0+

11.01
**

Al27
5/2+

100

Si28
0+

92.23

Si29
1/2+

4.67

Si30
0+

3.10

P31
1/2+

100

S32
0+

95.02

S33
3/2+

0.75

S34
0+

4.21

S36
0+

0.02
*

Cl35
3/2+

75.77

Cl37
3/2+

24.23
*

Ar36
0+

0.337

Ar38
0+

0.063

Ar40
0+

99.600
*

K39
3/2+

93.2581

K40
4-

1.277E+9 y

EC,β-
0.0117

K41
3/2+

6.7302

Ca40
0+

96.941

Ca42
0+

0.647

Ca43
7/2-

0.135

Ca44
0+

2.086

Ca46
0+

0.004

Ca48
0+

6E+18 y

β-,β-β-
0.187

**

Sc45
7/2-

100
***

Ti46
0+

8.0

Ti47
5/2-

7.3

Ti48
0+

73.8

Ti49
7/2-

5.5

Ti50
0+

5.4
*

V50
6+

1.4E+17 y

EC,β-
0.250

V51
7/2-

99.750

Cr50
0+

1.8E+17 y

ECEC
4.345

Cr52
0+

83.789

Cr53
3/2-

9.501

Cr54
0+

2.365
**

Mn55
5/2-

100
****

Fe54
0+

5.8

Fe56
0+

91.72

Fe57
1/2-

2.2

Fe58
0+

0.28
***

Co59
7/2-

100
**

Ni58
0+

68.077

Ni60
0+

26.223

Ni61
3/2-

1.140

Ni62
0+

3.634

Ni64
0+

0.926

Cu63
3/2-

69.17

Cu65
3/2-

30.83
**

Zn64
0+

48.6

Zn66
0+

27.9

Zn67
5/2-

4.1

Zn68
0+

18.8
*

Zn70
0+

5E+14 y

0.6
***

Ga69
3/2-

60.108

Ga71
3/2-

39.892
***

Ge70
0+

21.23
*

Ge72
0+

27.66

Ge73
9/2+

7.73
*

Ge74
0+

35.94
*

Ge76
0+

7.44
***

As75
3/2-

100
****

Se74
0+

0.89

Se76
0+

9.36

Se77
1/2-

7.63
*

Se78
0+

23.78
*

Se80
0+

49.61
*

Se82
0+

1.4E+20 y

β-β-
8.73

******

Br79
3/2-

50.69
**

Br81
3/2-

49.31
**

Kr78
0+

0.35
*

Kr80
0+

2.25
*

Kr82
0+

11.6

Kr83
9/2+

11.5
*

Kr84
0+

57.0
*

Kr86
0+

17.3
****

Rb85
5/2-

72.165
*

Rb87
3/2-

4.75E10 y

β-
27.835

***

Sr84
0+

0.56
*

Sr86
0+

9.86

Sr87
9/2+

7.00
*

Sr88
0+

82.58
******

Y89
1/2-

100
*************

Zr90
0+

sTAaLE

51.45
*

Zr91
5/2+

11.22

Zr92
0+

17.15

Zr94
0+

17.38

Zr96
0+

1E18 y

2.80
*******

Nb93
9/2+

100
************

Mo92
0+

14.84
*

Mo94
0+

9.25

Mo95
5/2+

15.92

Mo96
0+

16.68

Mo97
5/2+

9.55

Mo98
0+

24.13

Mo100
0+

9.63
************

Ru96
0+

5.52

Ru98
0+

1.88

Ru99
5/2+

12.7

Ru100
0+

12.6

Ru101
5/2+

17.0

Ru102
0+

31.6
*

Ru104
0+

18.7
*********

Rh103
1/2-

100
**********

Pd102
0+

1.02

Pd104
0+

11.14

Pd105
5/2+

22.33

Pd106
0+

27.33
*

Pd108
0+

26.46
*

Pd110
0+

11.72
*************

Ag107
1/2-

51.839
**

Ag109
1/2-

48.161
***********

Cd106
0+

1.25

Cd108
0+

0.89

Cd110
0+

12.49

Cd111
1/2+

12.80
*

Cd112
0+

24.13

Cd113
1/2+

9.3E+15 y

β-
12.22

*

Cd114
0+

28.73
*

Cd116
0+

7.49
***************

In113
9/2+

4.3
***

In115
9/2+

4.41E+14 y

β-
95.7

***********************

Sn112
0+

0.97
*

Sn114
0+

0.65

Sn115
1/2+

0.34

Sn116
0+

14.53

Sn117
1/2+

7.68
*

Sn118
0+

24.23

Sn119
1/2+

8.59
*

Sn120
0+

32.59
*

Sn122
0+

4.63
*

Sn124
0+

5.79
**********
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3.9×10 -7%
72.61

2
8

18
4

938.25°
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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
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  Decay Q-value Range
Q(β−)>0
Q(β−)-Sn>0
Q(β−)-S2n>0
Q(β−)>0 + Q(EC)>0
Stable to Beta Decay
Q(EC)>0
Q(EC)-Sp>0
Q(p)>0
Naturally Abundant
Sn<0

The Valley of Stability: https://www.youtube.com/watch?v=UTOp_2ZVZmM



Larger nuclei have more proton-proton repulsions and require more 
neutrons to compensate and hold the nucleus together

more N than Z



Rayleigh Fractionation

What about open vs. 
closed system?

Rayleigh fractionation 
can also describe the 

process of isotope 
fractionation as a 

vapor mass condenses 
(e.g., rainfall)



The forward reaction rate is accelerated relative to the backward 
reaction and the opportunity for backward mixing diminishes.

Reactant                           Product

Most Biological (Enzyme) Reactions

For unidirectional reactions (e.g., enzyme reactions), the ratio of 
reaction rate constants (k) determines the fractionation.

light isotope rate constant

fractionation factor

heavy isotope rate constant

Kinetic Reactions


