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Not everything that can be
counted counts, and not
everything that counts can
be counted.

Albert Einstein
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Module1

Radioactivity and Nuclear
Bombar dment Reactions
=Radioactivity

The core of a nuclear
reactor used in research.

Nuclear Chemistry

# |n this chapter we will look at two types of
nuclear reactions.

+Radioactive decay isthe processinwhicha
nucleus spontaneously disintegrates, giving off
radiation.

+Nuclear bombardment reactions are thosein
which a nucleus is bombarded, or struck, by
another nucleus or by anuclear particle.




Radioactivity

= The phenomena of radioactivity was
discovered by AntoineHenri Becquer el
in 1896.

+Hiswork with uranium salts lead to the
conclusion that the minerals gave off some sort
of radiation.

+This radiation was later shown to be separable
by electric (and magnetic) fieldsinto three
types; alpha(a), beta (b), and gamma (g) rays

Radioactivity

= The phenomena of radioactivity was
discovered by AntoineHenri Becquer el
in 1896.

+Alpharays bend away from a positive plate
indicating they are positively charged.

+They are known to consist of helium-4 nuclei
(nuclei with two protons and two neutrons).

Radioactivity

& The phenomena of radioactivity was
discovered by AntoineHenri Becquere
in 1896.

+Beta rays bend in the opposite direction
indicating they have a negative charge.

+They are known to consist of high speed
electrons




Radioactivity

= The phenomena of radioactivity was
discovered by AntoineHenri Becquer el
in 1896.

+Gamma rays are unaffected by electric and
magnetic fields.

+They have been shown to be aform of
electromagnetic radiation similar to x rays,
but higher in energy and shorter in wavelength.

Nuclear Equations

= A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

+For example, thenuclidesymbol for
uranium-238 is

238
92 U

Nuclear Equations

% A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

* The radioactive decay of 235U by alpha-particle
emission (loss of a He nucleus) iswritten

BU® Th + tHe




Nuclear Equations

= A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

+Reactant and product nuclel are represented in
nuclear equations by their nuclide symbol.

Nuclear Equations

= A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

+Other particles are given the following symbols.

Proton H o 1p
Neutron in

0 0
Electron abor e
Positron % or %

Gamma photon 39

Nuclear Equations

% A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

+Thetotal chargeis conser ved during anuclear
reaction.

+This meansthat thesum of the subscriptsfor the
products must equal the sum of the subscripts
for thereactants.




Nuclear Equations

= A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

+Thetotal number of nucleonsisalso conserved
during a nuclear reaction.

+This meansthat thesum of thesuper scriptsfor
the products must equal the sum of the
superscripts for the reactants.

Nuclear Equations

= A nuclear equation isasymbolic
representation of anuclear reaction using
nuclidesymbols.

+Note that if all reactants and products but one are
known in anuclear equation, theidentity of the
missing nucleus (or particle) is easily obtained.

+Thisisillustrated in the next example.

A Problem To Consider

+ Technetium-99 is along lived radioactive isotope of
technetium. Each nucleus decays by emitting one beta
particle. What is the product nucleus?

+The nuclear equationis
99 A 0
231 C® S X+ b
+From the superscripts, you can write

9=A+0, or A=99




A Problem To Consider

# Technetium-99 is along-lived radioactive isotope of
technetium. Each nucleus decays by emitting one beta
particle. What is the product nucleus?

+The nuclear equationis
99 A 0
231 C® S X+ b
+Similarly, from the subscripts, you get

43=7-1, or Z=43+1=44

A Problem To Consider

+ Technetium-99 is along lived radioactive isotope of
technetium. Each nucleus decays by emitting one beta
particle. What is the product nucleus?

+The nuclear equationis

99 A 0

231 C® S X+ b
+Hence A =99 and Z = 44, so the product is

99
uRU

Nuclear Stability

= The existence of stable nuclei with more than
one proton isdueto the nuclear force.

+Thenuclear force isastrong force of attraction
between nucleons that acts only at very short
distances (about 1015 m).

+This force can morethan compensate for the
repulsion of electrical charges and thereby give
astable nucleus.




Nuclear Stability

= Severd factors appear to contribute the
stability of anucleus.

+Theshell model of thenucleus isanuclear
model in which protons and neutrons exist in
levels, or shells, analogous to the shell structure
exhibited in electron configurations.

+Experimentally, note thatnuclel with certain

numbers of protons and neutrons appear to be
very stable.

Nuclear Stability

= Severd factors gppear to contribute the
stability of anucleus.

+These numbers, called magic numbers, arethe
numbers of nuclear particlesin acompleted
shell of protons or neutrons.

+Because nuclear forces differ from electrical
forces, these numbers are not the same as those
for electrons is atoms.

Nuclear Stability

= Severd factors appear to contribute the
stability of anucleus.

+For protons, the magic numbers are
2,8, 20, 28,50, and 82

+For neutrons, the magic numbers are
2,8,20,28,50,82,and 126




Nuclear Stability

= Severd factors appear to contribute the
stability of anucleus.

+Evidence a so points to the specia stability of
pairs of protonsand pairs of neutrons.

Nuclear Stability

= Severd factors gppear to contribute the
stability of anucleus.

+The table below lists the number of stable
isotopesthat have an even number of protons
and an even number of neutrons.

Number of Stable | sotopes
157 52 50 5

Number of protons Even | Even Odd | Odd
Number of neutrons Even | Odd Even | Odd
23
Nuclear Stability

= Severd factors appear to contribute the
stability of anucleus.

+Finally, when you plot each stable nuclide on a
graph of protonsvs. neutrons, these stable
nuclei fall in acertain region, or band.

+The band of stability istheregion in which
stable nuclidesliein aplot of number of
protons against number of neutrons.
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Nuclear Stability

= Severd factors gppear to contribute the
stability of anucleus.

+No stablenuclides are known with atomic
numbersgreater than 83.

+0On the other hand, all elementswith Z equal to
83 or less have one or more stable nuclides.

A Problem To Consider

% One of the nuclidesin each of the following
pairsisradioactive; the other isstable. Which is
radioactive and which is stable? Explain.

208 209 ; 39 40
a)“g,P0 , “g3Bi b) 1K, 1K
(&) Polonium has an atomic number greater than

83, so 2%Po isradioactive. Bismuth-209

has 126 neutrons (a magic number), s0%3 Bi
isexpected to be stable.




A Problem To Consider

& One of the nuclidesin each of thefollowing
pairsisradioactive; the other isstable. Which is
radioactive and which is stable? Explain.

208 209 39, 40
a) “aPO , “g3Bi b) 1K, K
(b) Of these two isotopes, 33K has amagic

number of neutrons (20) so3g K is expected
tobestable.

A Problem To Consider

% One of the nuclidesin each of thefollowing
pairsisradioactive; the other isstable. Which is
radioactive and which is stable? Explain.

208 209: 39 40
a)“g,P0 , “g3Bi b) K, K

(b) Theisotope ‘l‘g K has an odd number of
protons (19) and an odd number of neutrons

(21). Because stable odd-odd nuclel arerare,
you would expect ¥K to beradioactive.

Typesof Radioactive Decay

& There aresix common types of radioactive
decay.

+Alphaemission (abbreviated a): emission
of ajHenucleus, or aphaparticle, from an
unstablenucleus.

+An exampleisthe radioactive decay of radium-226.

226 222 4
ssRa® ceRn+ He
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Typesof Radioactive Decay

= There aresix common types of radioactive
decay.
+Betaemission (abbreviated b orb-):

emission of a high speed electron from a
stable nucleus.

+Thisis equivaent to the conversion of aneutronto a

proton. 1 1 0
oN® jp+ e

Typesof Radioactive Decay

= There aresix common types of radioactive
decay.

+Betaemission (abbreviated b or b-):
emission of a high speed electron from a
stablenucleus.

+An exampleisthe radioactive decay of carbon-14.

14C® 14N+ %

Typesof Radioactive Decay

& There aresix common types of radioactive
decay.

+Positron emission (abbreviated b+*): emission
of apositron from an unstable nucleus.

+Thisis equivaent to the conversion of aprotonto a

neutron.
1 1 0

1 p® 0 n+ le

11



Typesof Radioactive Decay

= There aresix common types of radioactive
decay.

+Positron emission (abbreviated b*): emission
of apositron from an unstable nucleus.

+ The radioactive decay of techencium-95 isan
example of positron emission.

95 95 0
1 C® SMo+je

Typesof Radioactive Decay

= There aresix common types of radioactive
decay.

+Electron capture (abbreviated EC): the decay
of an unstable nucleus by capturing, or picking
up, an electron from an inner orbital of an atom.

+|n effect, aproton is changed to a neutron, asin
positron emission.

1 0 1
P+ ;e®n

Typesof Radioactive Decay

& There aresix common types of radioactive
decay.

+Electron capture (abbreviated EC): the decay
of an unstable nucleus by capturing, or picking
up, an electron from an inner orbital of an atom.

+An exampleisthe radioactive decay of
potassium-40.

40 0 40
1K+ 1e® TcAr
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Typesof Radioactive Decay

= There aresix common types of radioactive
decay.

+Gammaemission (abbreviated g): emission
from an excited nucleus of agamma photon,
corresponding to radiation with awavelength of
about 1022 m.

+|n many cases, radioactive decay produces a
product nuclidein ametastable excited state.

Typesof Radioactive Decay

= There aresix common types of radioactive
decay.

+Gammaemission (abbreviated g): emission
from an excited nucleus of a gamma photon,
corresponding to radiation with awavelength of
about 1012 m.

+The excited state is unstable and emits agamma
photon and goes to alower energy state.

Typesof Radioactive Decay

& There aresix common types of radioactive
decay.
+Gammaemission (abbreviated g): emission
from an excited nucleus of agamma photon,

corresponding to radiation with awavelength of
about 1012 m.

+An example is metastabl e technetium-99.
99m 99 0
431C® STc+.g
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Typesof Radioactive Decay

= There aresix common types of radioactive
decay.
+ Spontaneous fission: the spontaneous decay of
an unstable nucleusin which a heavy nucleus

of mass number greater than 89 splitsinto
lighter nuclei and energy is released.

+For example, uranium-236 undergoes spontaneous

fission.
236/ /= 96\ 4 136] 4 A1
02 U® Y+l +45n

Predicting the Type of
Radioactive Decay

= Nuclides outside the band of stability are
generally radioactive.

+Nuclidesto theleft of the bandhave more
neutrons than that needed for a stable nucleus.

+These nuclidestend to decay by beta emission
because it reduces the neutron-to-proton ratio.

41

Predicting the Type of
Radioactive Decay

= Nuclides outside the band of stability are
generally radioactive.

#|n contrast, nuclides to theright of the band of
stability have a neutronto-proton ratio smaller
than that needed for a stable nucleus.

+These nuclidestend to decay by positron
emission or electron capture because it
increasesthe neutron to proton ratio.

42
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Predicting the Type of
Radioactive Decay

= Nuclides outside the band of stability are
generally radioactive.

+|n the very heavy elements, especially those
with Z greater than 83, radioactive decay is
often by alphaemission.

A Problem To Consider

+ Predict the expected type of radioactive decay for
each of the following radioactive nuclides.

47 25
xnCa Al
+The atomic weight of calcium is 40.1 amu, so

you expect calcium-40 to be a stable isotope.

+Calcium-47 has amass number greater than
that of the stable isotope, so you would expect
it to decay by betaemission.

44

A Problem To Consider

+ Predict the expected type of radioactive decay for
each of the following radioactive nuclides.

47 25
nCa Al
+The atomic weight of aluminum is 27.0amu, so

you expect aluminum-27 to be a stable isotope.

#Aluminum-25 has a mass number |ess than that
of the stable isotope, so you would expect it to
decay by positron emission or electron
capture.

45
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Operational Skills

Writing anuclear equation

Deducing a product or reactant in anuclear equation
Predicting therelative stability of nuclides
Predicting thetype of radioactive decay

Timefor afew review questions

TEACH

€ace
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