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Basics of Nuclear Chemistry
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§ Very basic structure. 

§ Mostly empty space. 

§ Atomic Radius measured in picometer (10-12 m).

§ Radius of nucleus measured in femtometer (10-15 m) 
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1 femtometer = 10-15 m 

1 nanometer = 10-9 m 

1 Å = 10-10 m 

1 picometer = 10-12 m 

𝟒
𝟐He.
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6 electrons,
6 protons,
6 neutrons 

13 electrons,
13 protons,
14 neutrons 
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• Atoms differ depending upon the number of protons in
the nucleus and as they are discovered, they are named
and become elements.

• Each element is given an atomic number which
corresponds with its proton number

• They are now organized by increasing atomic number in
the Periodic Table of Elements.

6C
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ü Nuclear Chemistry is the division dealing with
the atomic nucleus, radioactivity, and nuclear
reactions

ü Radioactivity - the spontaneous emission of a
stream of particles or electromagnetic rays in
nuclear decay

Any atom with 84 
or more protons 
is radioactive.
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Atoms of the same element may have different neutron
numbers, thus different mass numbers

6 
12C Carbon-12 

6 electrons, 6 protons, 6 neutrons 

6
14C Carbon-14 

6 electrons, 6 protons, 8 neutrons 
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What is Radioactivity?
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Radioactivity
Is the spontaneous emission of a stream of

particles or electromagnetic rays in nuclear

decay to gain stability.
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Radioactivity
Parent nuclide: the original nuclide undergoing

decay.

Daughter nuclide: the nuclide formed from the

decay.
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Types of Radioactive Emissions:
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Types of Radioactive Emissions
Nuclides with more than 83 protons change to reach the

band of stability by releasing one or more of the following:

1. Alpha particle (
4

2
He or ⍺ ).

2. Beta (
𝟎

−𝟏
e ) or B-

3. Gamma rays (
𝟎ᵧ
𝟎

) or ᵧ

4. Positron emission (
𝟎

+𝟏
e ) or B+
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Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation

Two protons and two neutrons in the form of a

helium nucleus: ⍺ or

Uranium Thorium
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Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation

NeptuniumAmericium



Nuclear Chemistry.       Dr. Ibrahim A.I. Hassan 14

Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation
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Types of Radioactive Emissions

1. Alpha radiation Reactions
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Types of Radioactive Emissions

1. Alpha radiation Reactions
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Types of Radioactive Emissions:
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Types of Radioactive Emissions
Nuclides with more than 83 protons change to reach the

band of stability by releasing one or more of the following:

1. Alpha particle (
4

2
He or ⍺ ).

2. Beta (
𝟎

−𝟏
e ) or B-

3. Positron emission (
𝟎

+𝟏
e ) or B+

4. Gamma rays (
𝟎ᵧ
𝟎

) or ᵧ
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Types of Radioactive Emissions

2. Beta Radiation:
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Types of Radioactive Emissions

2. Beta Radiation β:

Is a high-energy, high-speed electron (β-) or

positron (β+) emitted by the radioactive decay of

nucleus during the process of Beta decay.

So, there are two forms of beta decay:-

A. β− decay, which produces electrons.

B. β+ decay or Positrons emission .
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Types of Radioactive Emissions

2. Beta Radiation:

A. β− decay, which produces electrons.

Consists of a stream of beta particles which are

high speed electrons.

Represented by the symbol (
𝟎

−𝟏
e ) or B-
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Types of Radioactive Emissions

2. Beta Radiation:

A. β−decay, which produces electrons.

Ø As a result of β−decay, the atomic number increases.

Ø Beta emission results in the conversion of a neutron

(
𝟏

𝟎
n ) to a proton (

𝟏

+𝟏
p ).

𝟏

𝟎
n   →

𝟏

+𝟏
p +

𝟎

−𝟏
e 
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Types of Radioactive Emissions

2. Beta Radiation:

A. β− decay, which produces electrons.
The electron comes from the neutron being converted

NOT from the electron cloud.
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Types of Radioactive Emissions

2. Beta Radiation:

A. β− decay, which produces electrons.

Iodine-131 is an example of a radioactive isotope

that undergoes Beta emission.
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Types of Radioactive Emissions

2. Beta Radiation:

A. β− decay, which produces electrons.
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Types of Radioactive Emissions

2. Beta Radiation:

A. β− decay, which produces electrons.
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Types of Radioactive Emissions

2. Beta Radiation:

B. β+ decay, which

produces Positron
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Types of Radioactive Emissions

2. Beta Radiation:

B. β+ decay, which produces Positron

q A positron is a particle that has the same mass

as an electron but opposite charge.

q The positron is represented as
𝟎

+𝟏
e or B+.
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Types of Radioactive Emissions

2. Beta Radiation:

B. β+ decay, which produces Positron

Carbon-11 is an example of a particle that

undergoes positron emission.

𝟏𝟏

𝟔
C →

𝟏𝟏

𝟓
B +

𝟎

+𝟏
e

q Notice the atomic number goes down. 
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Types of Radioactive Emissions

2. Beta Radiation:

B. β+ decay, which produces Positron

q Positron emission is the effect of converting a 

proton to a neutron:

𝟏

+𝟏
p →

𝟏

𝟎
n +

𝟎

+𝟏
e
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Types of Radioactive Emissions

3. Gamma radiation

§ High energy photons (electromagnetic radiation

of a short wavelength).

§ Gamma radiation does not change the mass or

atomic number and is represented as
𝟎ᵧ
𝟎
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Types of Radioactive Emissions

3. Gamma radiation

§ It almost always accompanies other radioactive

emission because it represents the energy lost

when the remaining nucleons reorganize into

more stable arrangements.

§ Generally you do not show gamma rays when

writing nuclear equations
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Types of Radioactive Emissions

3. Gamma radiation
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Types of Radioactive Emissions

3. Gamma radiation

60Ni2860Co27
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Types of Radioactive Emissions

3. Gamma radiation
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Types of Radioactive Emissions

3. Gamma radiation
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Types of Radioactive Emissions
Nuclides with more than 83 protons change to reach the

band of stability by releasing one or more of the following:

1. Alpha particle (
4

2
He or ⍺ ).

2. Beta (
𝟎

−𝟏
e ) or B-

3. Positron emission (
𝟎

+𝟏
e ) or B+

4. Gamma rays (
𝟎ᵧ
𝟎
) or ᵧ
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Radioactive Emissions Penetration
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Radioactive Emissions Penetration
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Radioactive Emissions Penetration
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Electron Capture
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Electron capture

Capture by the nucleus on an inner shell electron

of the electron cloud.

Rubidium-81 does this:

𝟖𝟏

𝟑𝟕
Rb +

𝟎

−𝟏
e →

𝟖𝟏

𝟑𝟔
Kr
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Electron capture

Electron capture has the effect of positron
emission, converting a proton to a neutron

𝟏

+𝟏
p →

𝟏

𝟎
n +

𝟎

+𝟏
e
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Electron capture
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Electron capture
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Electron capture

Which is like positron emission:
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Which is like positron emission:
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Nuclear Stability
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Binding energy:

It was found that the atomic weight of an

element is less than the sum of weights of

nucleons (Protons and Neutrons).

2Nuclear Chemistry      Dr. Ibrahim A. I. Hassan



Atomic Mass Unit (a.m.u) = 1/12 of the mass of

or = 1.6605 x 10-24 gm.

1 Proton = 1.0073 a.m.u

1 Neutron = 1.0087 a.m.u

3Nuclear Chemistry      Dr. Ibrahim A. I. Hassan

Atomic Mass Unit
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q At. Wts. Of Hg = 199.9683 a.m.u, while the

sum of nucleons weights = 201.628 a.m.u,

q So the atomic weight of Hg is less with 1.66

a.m.u than the sum weights of nucleons?

Where did the weight difference go?
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Weight loss converted into energy which

consumed in binding the nucleus components

and it called Binding Energy which can be

defined as:

"The required energy to build the atoms

nuclei through binding their components”
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Binding energy can be calculated by using

Albert Einstein’s equation of the relationship

between mass and energy:

E =  Energy (Erg)                      m = mass (gm)

c = Speed of  light (2.998 x 1010 cm sec-1)  
8Nuclear Chemistry      Dr. Ibrahim A. I. Hassan



The energy produced by consuming one atomic mass unit

can be calculated as the following:

E =(1.6605 x10-24) x (2.998 x1010)2 =1.49x10-3 gm cm2 Sec-2

As:  (1 a.m.u =  1.6605  x  10-24  gm)

E = 1.49  x 10-3 x  (6.242  x 1011)  = 9.3  x  108  eV   

As: (1gm cm2 Sec-2 = 6.242  x 1011 eV)

That’s means; the energy produced by consuming one

atomic mass unit = 930 million electron volts.

9Nuclear Chemistry      Dr. Ibrahim A. I. Hassan



Calculation of Binding energy for Helium nucleus:

Binding Energy = 

0.0305  x 9.30  x 108 = 0.28 x 108 eV  = 28 MeV

So, the binding energy for each nucleon at the

Helium nucleus = the whole binding energy divided

by the number of nucleons (4):

Binding energy for each nucleon = 28/4 = 7 MeV
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Calculation of Binding energy for Mercury nucleus:

Binding Energy =

1.66 x 9.30  x 108 = 15.44 x 108 eV  = 1544 MeV

Binding energy for each nucleon = 1544 / 200 = 7.72

MeV.
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So, by plotting the relationship between the

binding energy for each nucleon of the element

and the Mass number; it was found that the

binding energy increases starting from

Hydrogen to the maximum amount at Iron

nucleus, then starts to decrease until it reaches

to the lowest value at Uranium 235.

12Nuclear Chemistry      Dr. Ibrahim A. I. Hassan
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What makes a nucleus stable?

v The number of neutrons needed to create a

stable nucleus increases more than the

number of protons.

Nuclear Stability
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What makes a nucleus stable?

o It depends on a variety of factors.

o No single rule allows us to predict whether a

nucleus is radioactive and might decay unless

we observe it.

o There are some observations that have been

made to help us make predictions.

Nuclear Stability
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What makes a nucleus stable?

Neutron to proton ratio

v Strong nuclear force exists between nucleons.

v The more protons packed together the more

neutrons are needed to bind the nucleus

together.

Nuclear Stability
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What makes a nucleus stable?

v Atomic nucleus with an atomic number up to

twenty has almost equal number of protons

and neutrons.

v Nuclei with higher atomic numbers have

more neutrons to protons.

Nuclear Stability
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Belt of stability 

q All nuclei with 84 or more protons are 

radioactive.

Nuclear Stability
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Nuclear Stability
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Belt of stability 

q Nuclei above the belt of stability are rich 

isotopes can lower their ratio and move to the 

belt of stability by emitting a beta particle. 

This increases number of protons and 

decreases neutrons.

Nuclear Stability
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Isotopes 
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Isotopes
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Ø Isotopes Differ in number of neutrons only.

Ø They are distinguished by their mass

numbers.

Isotopes



• Isotopes are Nuclei with the same atomic
number but different atomic weights.

• For many elements, several different
isotopes exist in nature.

• Different isotopes of the same element have
the same atomic number but different mass
numbers.

Isotopes
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Isotopes
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Isotopes

Nuclear Chemistry      Dr. Ibrahim A. I. Hassan 6



Isotopes
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Isotopes
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v Natural Uranium, which is found in many

rock formations on earth, has three

isotopes that all experience alpha

emission, the release of alpha particles.

Isotopes
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q

𝟐𝟑𝟑

𝟗𝟐
U Is Uranium with an atomic mass

of 233 and atomic number of 92.

q The number of neutrons is found by

subtraction of the two numbers :

233 – 92 (protons) = 141 neutrons.

Isotopes
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v The isotope composition of natural

Uranium is:

• 99.27% Uranium-238,

• 0.72% Uranium-235,

• A trace of Uranium-234.

Isotopes
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Are all isotopes radioactive?

According to the theory, If the ratio of

neutrons to protons (n/p or N/Z) more than

one, or becomes too large, the isotope is

radioactive or the atomic number is above 83,

the isotope will be radioactive.
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