Beta Emission Processes

 Three favors of beta decay

 Energy spectrum of beta particles through beta decay

 Other processes involving beta emission, internal conversion,
photoelectric effect and Auger electrons.

 Major health hazards related to beta emission
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Understanding the Radiation from Cs-137

Decay scheme:

What will happen to the excited Ba-
137 nucleus?

0—
131Cs —» 3Ba + _{8 + gv.

137

Cs
53 1.174
0.512
N 95%
1.174 0.662
B~ 5%

c
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€ e 4 .

S S 85 %
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137 Ba
56 0
FIGURE 3.8. Decay scheme of '3/Cs.
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wp-
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Typical Decay Products from Unstable Radioisotopes

Alpha decay Beta decay

/\ Beta decay Beta-plus decay Orbital electron
capture (E.C.)
Alpha particles Daughter nuclei i

Beta particles Positrons Daughter nuclei
/ Annihilation
Bremsstrahlung gamma rays
X-rays
—=! Excited Daughter Nuclei

Gamma ray emission /\ Internal conversion (I.C.)

l o w

IC electrons Excited atoms k——m
Gamma rays S T
/ Auger electrons Characteristic
Bremsstrahlung X-rays X-rays
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Beta Radiation — Submersion Dose from Kr-85

An example. Cember, pp. 231.

Calculate the dose rate to the skin of a person immersed in a large cloud of ®Kr at
a concentration of 37 kBq/m?® (107® uCi/mL).

Solution

D, =245x 1077 X CY fEe #uax00 m_fz
i

Krypton-85 is a pure beta emitter that is transformed to ®Rb by the emission of
a beta particle whose maximum energy is 0.672 MeV _and whose average energy is
0.246 MeV. The tissue absorption coefficient is calculated with Eq. (6.21):

g = 18.6(0.672 — 0.036) ~1*” = 34.6 cm?/g,
and the skin dose is calculated with Eq. (6.38):

Dy =245 x 107" x C x E x ¢~ #0907 1Gy/h

: - - The Fukushi I i i
Dy =245 x 1077 x 8.7 x 10* x 0.246 x ¢~ (346x0.007The fukushima nuclear disster
estimated to have released between 20-

D, = 1.8 x 10—3 mGy/h (0.18 mrads/h) . 200 megacuries of Krypton 85 from three
melted down reactors

104
NPRE 441, Principles of Radiation Protection, Spring 2020



O _ Chapter 3: Radioactivity
Beta Emission

e Beta particle is an ordinary electron. Many atomic and nuclear processes

result in the emission of beta particles.

e One of the most common source of beta particles is the beta decay of

nuclides, in which

Carbon-14 Nitrogen-14

Beta decay Sl B_ E Antineutrino Electron
:r; - 4+ ¢ 4+ ¢
AX —> AY + _Oﬁ + 1_} 6 protons 7 protons - -
V4 Z+1 1 8 neutrons 7 neutrons %.—9 P + A +-U
B e ta-plu S dec ay Carbjn— 10 B+ Boron-10 _——
PRttt
‘X — Y+ B+v = ‘k? ~
Z Z-1 1 ‘?protons 5'51:Jrot,ons 7
neutrons neutrons —> ,n +
Carbon-11 Boron-11
Electron capture < Erectron . Neutrino
> + ¢ = ) + ©

A - A
YA + e Z-1 + U 6 protons S protons
9 neutrons & neutrons



O _ Chapter 3: Radioactivity
Energy Release of Beta Decay

The energy release in a beta decay is given as

Q:Mp_(Md+Me)

e The energy release is once again given by the conversion of a fraction of the mass
into energy. Note that atomic electron bonding energy is neglected.

e For a beta decay to be possible, the energy release has to be positive.

Beta-minus Decay

Carbon-14 Nitrogen-14

Antineutrino Electron

+ © + ¢

& protons 7 protons
& neutrons 7 neutrons
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Atomic Mass Unit

The atomic mass unit (symbol: u) or is the standard unit that is
used for indicating mass on an atomic or molecular scale (atomic
mass). One unified atomic mass unit is approximately the mass
of one nucleon (either a single proton or neutron) and is
numerically equivalent to 1 g/mol. It is defined as one twelfth of
the mass of an unbound neutral atom of carbon-12 in its nuclear
and electronic ground state, and has a value of
1.660538921x1072%/ kg.

Y
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] — Chapter 3: Radioactivity
Energy Release of Beta Decay

An example
32 32 0
The corresponding energy release is given by

Q=M,— M- M, =0.001837 AMU

or equivalently

Q=1.71 MeV

Similar to the case of alpha decay, the energy shared by the recoil nucleus is
M./(M+M,) x Q ?? ... So the electron generated will be mono-energetic ??

NPRE 441, Principles of Radiation Protection



O — Chapter 3: Radioactivity
Typical Energy Spectrum of Beta Particles

Relative number

Enex = 171MeV — (D p o

0 0.5 1.0 1.5
Beta-particle energy, MeV

32 32 0
The energy release is shared by all three daughter products. Due to the relatively

large mass of the daughter nucleus, it attains only a small fraction of the energy.
Therefore, the kinetic energy of the beta particle is

Eﬂ_ ~QO—-L_

Y
Q
)
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] — Chapter 3: Radioactivity
Examples for Beta Decay

60 Co 131
e7 [ 2605’ g
\ :
\ \\ 0318 ¢ ,,
\ B \99+ % B\o3smev B 0.25Mev
1.491 2.505 6.9% 16%
(rare) \Q B.\ 081 Mev
Vooy 1473 /
\ 0637 0.723 MeV
\
\'A . MeV
1.332 0508 Mooy 0326
MeV
/ 0.284 0.18%
y ( 1.332 MeV
11.8d 5.06% 0.177
60 Ni 131 0.164 ¢ MeV 0.080 MeV
28 Xe
0 54
FIGURE 3.6. Decay scheme of $Co. F1GURE 4.7. Todine-131 transformation (decay) scheme.

e Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

e There exist the so called “pure beta emitters”, such as 3H, #C, 32P and °%Sr, which
have no accompanying gamma rays.

-
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o
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Positron Emission

e A positron is the anti-particle of electrons,
which carries the same mass as an
electron but is positively charged.

e Positrons are normally generated by those
nuclides having a relatively low neutron-
to-proton ratio.

e An typical example of positron emitter is

22 22 0
[ Na—: Ne+ [ +0v

22

Na
1 2.843
2
10.2% 2mc
“iNa
1.820
p’* .545
89.8%
1.275
y ) 100%
22
Ne
10 o)

(c)
FIGURE 3.11. Decay scheme of 77Na.
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Source: http://www.nndc.bnl.gov/chart/reZoom.jsp?newZoom=5

7 Chart of the Nuclides (177, 117]
The nuclides are the possible nuclei of 3
.} |atoms. Z determines the chemistry, )
g because the neutral atom with the
E nuclide as its nucleus has Z electrons.
= 7=82
Sl |
Z=50
MN=82
Z=2l8 _ | [ Chart of the Nuclides |
T unknown
=8
= MN=28
“N=20 N, humber of neutrons
N=8 #n > N
112
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Energy Release Through Positron Decay

The energy release Q associated with the positron emission process is given by
O~M,-M,-M,-M =M, —(M,+2M,)

where the atomic electron binding energy is ignored.

Carbon-10 Boron-10

B+

Neutrino Positron

+ ¢ 4 @

& protons > protons
4 neutrons 5 neutrons

-
-
W
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[] _ Chapter 3: Radioactivity
Orbital Electron Capture

In electron capture (EC), one of the atomic electrons is captured by the nucleus and
unites with an proton to form an neutron with the emission of a neutron

A - A

,X+e =, Y+v
0 1 1

Let H—>n+v

e For neutron deficient atoms to attain stability through positron emission, it must

exceed the weight of the daughter by at least two electron masses. If this
condition can not be satisfied, the neutron deficiency can be overcome by the EC

process.

e For example,

0 103m 0
'%Pd + _je = T5Rh + o

-h
-h
I
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" A
Positron Decay and Orbital Electron Capture are
Competing Processes

1 1,0 — " Posi )
1p_)0n+1e+0 Positron decay ?X S Ziqu_l_ (1)€+’U

0 1 1 ' . El A — A
» e_|_1p_)0n + 0 ol ‘\ ec. capture ZX +e _)Z—IY_I_ Uj

~ 1105 -'.‘.'-.j- \%

A
=)
S
|

(A-Z)/Z=1

O
=
|

Al

o0
S
[

a decay %' Po—>’yPb+,He

Number of neutrons,
W B U O =~
o O O o O
T

32 32 0

N
o
|

. iy i:f} Beta decay

amd
o o
.:[

[ T T T A A e
10 20 30 40 50 60 70 80 90 100 P
Atomic Number, Z
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O _ Chapter 3: Radioactivity
Energy Release Through Orbital Electron Capture

For positron decay to be possible, we need
Carbon-10 Boron-10

Neutrino Positron

+ ¢ 4+ ¢

O=M,-M,-M,-M , >0,

SO / ' ‘
& protons > protons

M,>M,+M,+M .=M,+2M, # nentrons Pueurons - SiNa 2843

M , and M , are the atomic masses of

the parent and daughter atoms

1.275
14 o,
For Electron Capture to occur, 10.2%
/ oNe “oNe o
. . i A Carbon-ll Borc;n;ll
Q B MP Md ¢ > O f“ Electron ) Neutrino
so that T O = D + @
6 orot 3 proto;
M,>M,+¢ S neutrons Fsrne

where ¢ 1s the binding energy of the orbital electron

-
Y
(<]
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[ — Chapter 3: Radioactivity
Orbital Electron Capture and Positron Decay

e Electron capture and positron decay 2843

are normally competing processes
through which a neutron deficient
nucleus may attain an increased
stability.

1.275

e Both the emission of a positron and 2

the capture of an electron, a neutrino

. . . (a) (b)
is always emitted in order to conserve

»

energy.

e |[n positron decay, the neutrino carries
the difference between the energy
release and the energy of the
resultant positron. In electron capture,

Probability of emission

»

however, the neutrino must be mono- ' ,
) 0 250 540
energetic. Energy of the emitted positrons (keV)

4 4=
LI
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Positron Annihilation following Positron Decay

Carbon-10 Boron-10
) B"‘ )
-

Neutrino Positron

+ ¢ + ¢

& protons > protons
4 neutrons 5 neutrons

Two anti-parallel 511 keV
photons produced

Unstable parm\ p oy 1‘-\\\'\.\_\1

nucleus
Positron combines with

¢lectron and annihilates

Proton decays to

neutron in nucleus -
positron and
neutrino emitted
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Examples for Beta Decay

o Co / 131I 8.05d
27 2823’ ‘

53
\ _\ 0.318
\\ B\ 99+ %
1.491 2.505

B\ 0.33 Mev ﬁ 0.25 MeV
- .\ 0.81 Mev 8.9% 16%
(rare) \Q B
Voy $ 1473 /
\ 0637 0.723 MeV
\
A 03z & MeV
1.332 0.503 M(eV
MeV
/ 0.284 0.18%
4 1.332 MeV
11.8d 5.06% 0.177
SO Ni 131 0.164 { MeV 0.080 Mev
28 5 X0
0]
FIGURE 3.6. Decay scheme of $Co. F1GURE 4.7. Todine-131 transformation (decay) scheme.

e Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

e There exist the so called “pure beta emitters”, such as 3H, #C, 32P and °%Sr, which
have no accompanying gamma rays.

-
-
]
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[ — Chapter 3: Radioactivity
Orbital Electron Capture and Positron Decay (Revisited)

e Electron capture and positron decay 2843

are normally competing processes
through which a neutron deficient
nucleus may attain an increased
stability.

1.275

e Both the emission of a positron and 2

the capture of an electron, a neutrino
. . . (a) (b)
is always emitted in order to conserve

energy. .

e |[n positron decay, the neutrino carries
the difference between the energy
release and the energy of the
resultant positron. In electron capture,

Probability of emission

however, the neutrino must be mono- »

: 0 250 540
energetic. Energy of the emitted positrons (keV)
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An Example

24. Nuclide A decays into nuclide B by 8* emission (24%) or by
electron capture (76%). The major radiations, energies (MeV),
and frequencies per disintegration are, in the notation of
Appendix D:

B7:1.62 max (16%), 0.98 max (8%)
v: 1.51 (47%), 0.64 (55%), 0.511 (48%, v™)
Daughter X rays
e : 0.614
(@) Draw the nuclear decay scheme, labeling type of decay,
percentages, and energies.
(b) What leads to the emission of the daughter X rays?

NPRE 441, Principles of Radiation Protection
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" J
Typical Decay Products from Unstable Radioisotopes

Alpha decay Beta decay
/\ Beta decay Beta-plus decay Orbital electron
_ capture (E.C.)
Alpha particles Daughter nuclei i
Beta particles Positrons Daughter nuclei
Bremsstrahlung Annihilation
X-rays gamma rays

Excited Daughter Nuclei ¢

v
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" T chopter3: Radioactivy

Gamma Ray Emission
following Beta Decay

NPRE 441, Principles of Radiation Protection
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[ _ Chapter 3: Radioactivity
Excited Nucleus vs Excited Atom

L Hole
(+) PR - ]
-
\\e;// K
/FFF-’_—.-‘
/ ~
P
rr /
f /
!
' !
‘ \
n\ X
. ’\\ / /
O 0 /
“\ \\.___,_,f"’f ‘
B //
. LY
{ ~ P (3)
\\-\.‘ F_"""
T X-ray
124
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[ — Chapter 3: Radioactivity
Internal Conversion

An excited nucleus

@ @

De-excite through the emission of a The excitation energy is transferred directly
gamma ray to an orbital electron, causing it to be
=» Gamma Ray Emission ejected from the atom

L Hole =>» Internal Conversion

S

Conversion electron with an energy

E,B_ :Eex_Eb

v S {(3, IC Coefficient (or Branching Ratio) =

X-ray

/

{

f

1

b

\

A
N
mm2|z
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[ — Chapter 3: Radioactivity
Gamma Ray Emission

226

a9 % 4.785
Q
. @ iz " //0.0017%
e Gamma rays are emitted from / /
. . .. / / 0.601
nuclei following the transition % //
between different nuclear // /
states. // I/ 0.448
a /
. . 5.5%, 7 (0.415
e Gamma rays are emitted with /
. / y { 0.601
discrete energy. A gamma ray Iy Y (0262
/
spectrum is characteristic to the 4//
particular radionuclide that are a // 0186
present. 94-4%//
/ y \ 0.186
222Rn /
86 / o

FIGURE 3.7. Detailed decay scheme for %5Ra, showing origin of photons found in its

gamma spectrum (position of initial >jgRa energy level not to scale).

-
N
(< 1]

NPRE 441, Principles of Radiation Protection



[ _ Chapter 3: Radioactivity
Metastable Nuclear States and Gamma Ray Emission

The lifetimes of nuclear excited states vary, but ~1071° s can be regarded as typi-

cal. Thus, gamma rays are usually emitted quickly after radioactive decay to an ex-
cited daughter state.

In some cases, however, selection rules prevent photon emis-
sion for an extended period of time. The excited state of '3/ Ba following the decay of
137Cs has a half-life of 2.55 min. Such a long-lived nuclear state is termed metastable
and is designated by the symbol m: 1*’2Ba.

Another example of a metastable nuclide is **§Tc, which results from the beta
decay of the molybdenum isotope 35Mo.

)
~
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" T chopter3: Radioactivy

Important Gamma Ray Emitter: Tc-99m

99 99 0
Decay scheme: ETC - 43TC + 07Y-

e Tc-99m accounts for >90% of imaging studies in nuclear medicine and therefore
subject to extensive dosimetry study.

e Half-life: ~6h; gamma energy: 140keV, both ideal for imaging applications.

e Tc-99m is obtained from the decay of the molybdenum isotope *Mo.

The current *°Mo/?°™Tc production way

Mo-99

— @ ‘ —»‘ + ' + @ 66.02 h

B~ (87.5%)
U-235 Other Fission Mo-99 '

products (6% fission yield)
(12.5%) B~
The alternative direct °™Tc production way 6.02h Ll Tc-99m
2.12x 105y Tc-99
— - -\
Mo-100 Tc-99m

Ru-99 (stable)

-
N
o
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Chapter 3: Radioactivity

Internal Conversion

e Conversion electrons can originate from several different electron shells
within the atom, a single excited state generally leads to several groups

of electrons with different energies.

e The only practical laboratory scale source of mono-energetic electron
groups in high keV to MeV energy range.

393 keV

(100 min T‘/z) relative

Conversion
electron

113m | yield

\J

conversion

Internal

113|n

|

K—shell
conversion

ﬂ

I

L—shell
conversion

300

365

389

Electron energy

keV

-
N

()
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100

Relative number of electrons per energy interval
D o)) 0]
o O o

n
o

Internal Conversion

From The Physics of Radiology, Fourth Edition.

¥ || v 1 1 Ll T ¥ ¥

o K i
Conversion of 412 keV

photon in K shell ]

2.9% '“A
(1]
- Lo 2694 1.3710 Mev -
Conversion of
B L+M 412 keV photon 1.0875 4
in L+M shell  a3(98.6%)
z.96| MeV Yoll.1%)
_ 1.3% P J
£31.02%) —L.an7
- )
spectrum [
- 329 keV s Iri907%) -
} from Au-I198 L "

§ ang §

i 403 keV ]

I 0.961 MeV 7

1 A r ' N A 1 4 J
0.2 04 0.6 08 1.0
Electron energy(MeV) 27I8F
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[ _ Chapter 3: Radioactivity
Excited Nucleus vs Excited Atom

L Hole
(+) PR - ]
-
\\e;// K
/F#d_—.-h
/ ~
P
rr d
f /
!
' !
‘ \
n\ X
. ’\\ / /
O 0 /
AN \\.___,_,f"’f ‘
B //
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[ — Chapter 3: Radioactivity
Auger Electrons

e The excitation energy of the atom may be transferred to one of the outer
electrons, causing it to be ejected from the atom.

e Auger electrons are roughly the analogue of internal conversion electrons
when the excitation energy originates in the atom rather than in the

nucleus.
A lectron, E = Ex — EL — Em
hy = Ex — EL uger elec K A
—— Vacuum Level
. . ‘ —SP9O-0— L23
—5e— L
L k .
M
(A) (B) (o3} v X

———

O Vacant

Figure 3.7 (A) The usual emission of a K characteristic X-ray, hv, energy equal to E a.e. — (E K - E L ) - E L23

Ey — E_, the difference in binding energy for the two orbital electrons, K and L. (B) hv has
been absorbed and a monoenergetic Auger electron is emitted, in the example shown, from
the M shell, the energy of which is Ex — E; — Ey. (O) In its final state the atom has
vacancies in the L and M orbitals.

-
W
N
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[ _ Chapter 3: Radioactivity
Auger Electrons

The relative probability of the emission of characteristic radiation to
the emission of an Auger electron is called the fluorescent yield, w:

_ Number K x ray photons emitted
WKk = Number K shell vacancies

(3-12)

Values for wg are given in Table 3-1. We see that for large Z values flu-
orescent radiation is favored, while for low values of Z Auger electrons
tend to be produced.

From this table we see that if a nucleus with Z = 40 had a K shell hole,
then on the average 0.74 fluorescent photons and 0.26 Auger electrons
would be emitted.

TABLE 3-1
Fluorescent Yield

Z Wy Z Wy Z Wy
10 0 40 74 70 .92
15 .05 45 .80 75 .93
20 .19 50 .84 80 .95
25 .30 55 .88 85 .95
30 50 60 .89 90 .97
35 .63 65 .90

From Evans (El)

NPRE 441, Principles of Radiation Protection
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Radiation Concerns of Beta Particles

e Energetic beta particles may penetrate the skin and lead to external hazard. In
general, beta particles with an energy less than 200keV (such as from 3°S and 14C)
are not considered to be external radiation hazard. If deposited inside the body,
beta particles normally lead to a certain degree of radiation exposure.

e Beta emitters may also emit gamma rays that leads to extra radiation exposure.
For example, beta-decay of Co-60 leads to gamma emission...

e Beta particles in the MeV range also interact with surrounding materials
(especially those contain high Z elements) through bremsstrahlung and therefore
induces x-rays. So extra care has to be taken for a proper shielding of an energetic
beta source.

-
W
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"
Typical Decay Products from Unstable Radioisotopes

Alpha decay Beta decay

/\\ Beta decay Beta-plus decay Orbital electron
i capture (E.C.)
Alpha particles Daughter nuclei ¢

Beta particles Positrons

L Daughter nuclei, and —
/ Annihilation
Bremsstrahlung gamma rays
X-rays
Excited Daughter Nuclei

Gamma ray emission /\ Internal conversion (I.C.)

l o w

IC electrons Excited atoms <
Gamma rays S T
/ Auger electrons Characteristic
Bremsstrahlung X-rays X-rays
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" T chopter3: Radioactivy

Potential Health Hazards from Beta Particles

NPRE 441, Principles of Radiation Protection
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Health Concerns Related to Beta Particles

e Beta particles often carry a sufficient amount of sufficient energy to penetrate
the skin and thus be an external radiation hazard.

e |nternal beta emitters are also a hazard.
e Beta-decays are often accompanied by gamma emission.

e Some beta decays could also lead to secondary transformations, such as internal

conversion (IC), which give rise to further beta emissions ...

e beta decay typically leads to X-ray emission ...

3]
~
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Radiation Risk from Medical Procedures
Single Photon Emission Computed Tomography

Drug is labeled with radioisotopes that emit gamma rays.

Drug localizes in patient according to metabolic properties of that drug.

Trace (pico-molar) quantities of drug are sufficient.

Radiation dose fairly small (<1 rem). 138



Radiation Risk from Medical Procedures
Single Photon Emission Computed Tomography

.. 7 )
Radiation Concerns: @
e Radiation concerns of positron emission is

very similar to that of beta particles. ,:Tz \ /

e When positrons are annihilated with ’ e
electrons, gamma rays with (~)511 keV are @ i ® p
generated, which makes all positron- g /""*\e
emitters potential external radiation ’ /
hazard. N

b/og“’/’h

\( : Control Subject
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Radiation Risk from Medical Procedures
Single Photon Emission Computed Tomography

C-11 PET scan
140



Examples for Beta Decay

60 Co 131 8064
eI . 2,823’ 0
\ _\ 0.318 ,‘
\ B \99+ % B\o3smev B 0.25Mev
1.491 2.505 8.9% 16%
- .\ 0.81 Mev
(rare) \Q B.\ oe1 Mo
‘ooor H 173
\ 0637 0.723 MeV
\
\'A . MeV
1.332 0508 Mooy 0326
MeV
0.284 0.18%
r ( 1.332 MeV
11.8d 5.06% 0177
28 Xe
0 54
FIGURE 3.6. Decay scheme of $Co. F1GURE 4.7. Todine-131 transformation (decay) scheme.

e Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

e There exist the so called “pure beta emitters”, such as 3H, #C, 32P and °%Sr, which
have no accompanying gamma rays.

I
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Radionuclides in
Biology & Medicine

* Nuclide Tin R/A « Nuclide Tin

» H

® I'C
+« g
. B30
+ I8y
« 3P

o SOy
» SICh
+« ST,

12 y R « Gq 3.3d
20 m A « W(i3a #6m
x738y R + BIRH T8%
122 A « Mo &6h
110m A o« VuTc 6h
14.3d R o« IliTp 2.5d
29.9d R e 1337 13.1h
$.'m A/G « 3] 3.1d
#1.7h R/A « XIT] 73h

R/A

A

e e &

R = Reactor, A = Accelerator, G = Generator

NPRE 435, Principles of Imaging with lonizing Radiation, Fall 2020
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Chapter 3: Radioactivity

Bond-Seeking Beta Emitters

Table 1 - Physical and nuclear characteristics of bone-seeking therapeutic radionuclides

Tha

Maximum Average Average yphoton

energy energy Range it

(MeV) (MeV) (mm) (days) (MeV)
Strontium-89 1.46 0.58 2.4 50.5 None
Phosphorus-32 1.71 0.70 3.0 14.3 None
Tin-117m 0.13° - 0.22 14.0 0.159 (86%)

0.15° - 0.29
Erbium-169 0.34 0.11 0.30 9.3 None
Lutetium-177 0.50 0.14 0.35 6.7 0.208 (11%)
Rhenium-186 1.08 0.33 1.05 3.7 0.137 (9%)
Samarium-153 0.81 0.22 0.55 1.9 0.103 (29%)
Holmium-166 1.84 0.67 3.3 1.1 0.081 (6%)
Rhenium-188 2.12 0.64 3.8 0.71 0.155 (10%)

'Arranged in order of decreasing half-life
*Conversion electrons with discrete energies (and range).
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Beta Particles Related Health Concerns
An Example — Autoradiography

Radioisotopes Examples
3H-thymidine

If 1 or more radioactive atoms is 355-methionine

incorporated into a small molecule *H-mannose

, , 3H-choline

such as a sugar, amino acid, or 3H-acetate

nucleotide that molecule can then be 32p.CTP
32p_ATP

traced. :
14C-chloramphenicol

-h
I
+h
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[ — Chapter 3: Radioactivity
Auger Electrons

e The excitation energy of the atom may be transferred to one of the outer
electrons, causing it to be ejected from the atom.

e Auger electrons are roughly the analogue of internal conversion electrons
when the excitation energy originates in the atom rather than in the

nucleus.
A lectron, E = Ex — EL — Em
hy = Ex — EL uger elec K A
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Figure 3.7 (A) The usual emission of a K characteristic X-ray, hv, energy equal to E a.e. — (E K - E L ) - E L23

Ey — E_, the difference in binding energy for the two orbital electrons, K and L. (B) hv has
been absorbed and a monoenergetic Auger electron is emitted, in the example shown, from
the M shell, the energy of which is Ex — E; — Ey. (O) In its final state the atom has
vacancies in the L and M orbitals.
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Energy Release from Nuclear Transitions

Decay scheme:

Table 3.1 Formulas for Energy Release, Q, in Terms of Mass
Differences, Ap and Ap, of Parent and Daughter Atoms

Type of decay Formula Reference
o O = Ap—-Ap-AHe Eq. (3.13)
B Qp- = Ap-Ap Eq. (3.25)
Y Qir = Ap-Ap Eq. (3.30)
EC Qpc = Ap-Ap—EB Eq. (3.35)
Bt Qg+ = Ap - Ap —2mc? Eq. (3.41)

e Binding energy of electrons is ignored.

e These equations are discussed in James E Turner, Atoms, Radiation, and Radiation

Protection, Third Edition, Chapter 3.
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"
Typical Decay Products from Unstable Radioisotopes

Alpha decay Beta decay

/\\ Beta decay Beta-plus decay Orbital electron
i capture (E.C.)
Alpha particles Daughter nuclei ¢

Beta particles Positrons Daughter nuclei
/ Annihilation
Bremsstrahlung gamma rays
X-rays
Excited Daughter Nuclei

Gamma ray emission /\ Internal conversion (I.C.)

l o w

IC electrons Excited atoms k——m
Gamma rays S T
/ Auger electrons Characteristic
Bremsstrahlung X-rays X-rays
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[ — Chapter 3: Radioactivity
Understanding the Radiation from Cs-137

What will happen to the excited Ba-137 nucleus?

Beta emission for sure, what
else?

1. Gamma ray emission

2. Internal conversion leading to beta
emission

3. Emission of characteristic X-ray

‘Y ™ -~ 7 (3)

X-ray 4. Auger electrons

The bonding energies of k-shell and I-shell electrons in Ba-137 atom are 38 keV and 6
keV respectively.
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Understanding the Radiation from Cs-137

Decay scheme:

What will happen to the excited Ba-
137 nucleus?

0—
137Cs — 3{Ba + _{B + o7.
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FIGURE 3.8. Decay scheme of '3/Cs.
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