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BASICS OF NUCLEAR
CHEMISTRY
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TvlE ATOM

" Very basic structure.

= Mostly empty space.
= Atomic Radius measured in picometer (10-12 m).

= Radius of nucleus measured in femtometer (10-1°> m)



rIELIUM ATOM

1 femtometer =105 m

1 picometer = 10-12m

1A=101""m

1 nanometer = 10" m

1 Angstrom .00 m
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SUBATOMIC PARTICLES

Protons

e Symbol
a p+

e Charge
® +1

e Relative Mass
e 1

e Actual Mass
e 1.67 x 1024

Neutrons
e Symbol

e Relative Mass
e 1

e Actual Mass
e 1.67 x 1024

Electrons

Symbol
e €

Relative Mass
« 1/1840
Actual Mass

e 9.11 x 10:28
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CARBON ATOM

6 electrons,
6 protons,

I 6 neutrons

ALUMINUM ATOM

Valence
Orbit

Free

Electron Electron

Aluminum Atom

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 eclement 1s given an atomic number which
corresponds with its proton number

* They are now organized by increasing atomic number 1n
the Periodic Table of Elements.

< 6 protons >
+ 6 neutrons

C

proton >

Carbon atom

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 8
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v Nuclear Chemistry is the division dealing with

the atomic nucleus, radioactivity, and nuclear
reactions

v Radioactivity - the spontaneous emission of a

stream of particles or electromagnetic rays in
nuclear decay

Energy

Any atom with 84

or more protons
is radioactive.

Radiation
Radioactive
Atom
Q
Particle

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Atoms of the same element may have different neutron
numbers, thus different mass numbers

6 1 2C Carbon-12

6 electrons, 6 protons, 6 neutrons

6 1 4C Carbon-14

6 electrons, 6 protons, 8 neutrons

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Radioactivity
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What is Radioactivity?

Alpha and beta particles
and gamma photon

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan



Radioactivity

Is the spontaneous emission of a stream of
particles or electromagnetic rays in nuclear

decay to gain stability. Energy

Radiation

Radioactive
Atom

Q
Particle
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Radioactivity

Parent nuclide: the original nuclide undergoing

decay.
Daughter nuclide: the nuclide formed from the
decay. B~ decay

Before

Q\‘}:‘j 1)

a%*
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Types of Radioactive Emissions:

Alpha and beta particles
and gamma photon
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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:

4
1. Alphaparticle( He or o).
2

0
2. Beta ( e) or B
1

0

3. Gamma rays ( v ) or vy
0
0

Positron emission ( e) or ‘Bt
+1
Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 6



Types of Radioactive Emissions

1. Alpha radiation

-
l. . ‘



Types of Radioactive Emissions

1. Alpha radiation

Before After

B B

04

Parent Daughter



Types of Radioactive Emissions

1. Alpha radiation

Atomic Mass = # of Protons + # of Neutrons

e

\

Atomic Number = # of Protons
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Types of Radioactive Emissions

1. Alpha radiation

Two protons and two neutrons in the form of a

helium nucleus: a or JHe

235 4 231
SU — "He + ,,Th
Uranium T

] Thorium
o particle

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 10



Types of Radioactive Emissions

1. Alpha radiation

Alpha Decay of a Uranium-238 nucleus

4
Parent nucleus & 2He

emitted o particle

o

Key
" proton
neutron

O
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1.

Types of Radioactive Emissions

Alpha radiation

alpha decay

«a-particle =5He

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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1.

Types of Radioactive Emissions

Alpha radiation

241Am . 4He 1 237Np

Americium Neptunium

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Types of Radioactive Emissions

1. Alpha radiation

226Ra 222RIl n 2He n 07
radium-226 radon-222  alpha  energy

particle



1.

Types of Radioactive Emissions

Alpha radiation

Deuterium

¢~

=%

Tritium

Nuclear Chemistry.

Hélium

&

-

Neutron
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1.

Types of Radioactive Emissions

Alpha radiation Reactions

4 18
1:N + 2He _>9F

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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1.

Types of Radioactive Emissions

Alpha radiation Reactions

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Any Qestions?
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Types of Radioactive Emissions:

Alpha and beta particles
and gamma photon
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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:

4
1. Alphaparticle( He or o).
2

0
2. Beta ( e) or B
1

0
3. Positron emission ( e) or ‘Bt
1
0
Y

4.  Gamma rays ( ) or vy
0
Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 3



Types of Radioactive Emissions
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Types of Radioactive Emissions

2.  Beta Radiation [:

Is a high-energy, high-speed electron (B) or
positron (B*) emitted by the radioactive decay of

nucleus during the process of Beta decay.
So, there are two forms of beta decay:-
A. P~ decay, which produces electrons.

B decay or Positrons emission .

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 5



Types of Radioactive Emissions

2. Beta Radiation:
A. P~ decay, which produces electrons.

Consists of a stream of beta particles which are

high speed electrons.

0
Represented by the symbol ( e)or B
1

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan



Types of Radioactive Emissions

2.  Beta Radiation:
A. P~ decay, which produces electrons.

> As aresult of B~ decay, the atomic number increases.

> Beta emission results in the conversion of a neutron

1 1
( n)toaproton ( p).
0

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 7



Types of Radioactive Emissions

2.  Beta Radiation:

A. P~ decay, which produces electrons.

The electron comes from the neutron being converted

NOT from the electron cloud.

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan



Types of Radioactive Emissions
2. Beta Radiation:

A. B~ decay, which produces electrons.

Iodine-131 1s an example of a radioactive 1sotope

that undergoes Beta emission.

lodine-131 Xenon-131
> 3

o
o

131
54

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan



Types of Radioactive Emissions
2. Beta Radiation:

A. B~ decay, which produces electrons.

46

46 )
Zﬂca ] leC T B

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Types of Radioactive Emissions

2.  Beta Radiation:

A. P~ decay, which produces electrons.

14 14 0
C — TN + e

T

B Particle

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Types of Radioactive Emissions

2.  Beta Radiation:

B. B decay, which

produces Positron

Nuclear Chemistry.

Dr. Ibrahim A.l. Hassan
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Types of Radioactive Emissions

2.  Beta Radiation:

B. P"decay, which produces Positron

0 A positron 1s a particle that has the same mass

as an electron but opposite charge.

0
2 The positron 1s represented as e or ‘B*
1
_I_

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Types of Radioactive Emissions

2.  Beta Radiation:
B. P*decay, which produces Positron

Carbon-11 1s an example of a particle that

undergoes positron emission.

11 11 0

cC - B + e

2 Notice the atomic number goes down.

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



Types of Radioactive Emissions

2.  Beta Radiation:
B. P*decay, which produces Positron

2 Positron emission is the effect of converting a

proton to a neutron:

1 1 0

p - n + e
41 0 41

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 15



Types of Radioactive Emissions

3. Gamma radiation

- High energy photons (electromagnetic radiation

of a short wavelength).

- Gamma radiation does not change the mass or

0
Y

0

atomic number and 1s represented as

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 16



Types of Radioactive Emissions

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

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 17



3.

Types of Radioactive Emissions

Gamma radiation

Nuclear Chemistry.

Dr. Ibrahim A.l. Hassan
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Types of Radioactive Emissions

3. Gamma radiation

Gamma-Ray Radiation L\ O5
0 0—16_
B o W W N,
— T
Gamma Rays
Parent Nucleus Daughter Nucleus
Cobalt-60 Ni-60

60C027 60Ni28

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 19



Types of Radioactive Emissions

3. Gamma radiation

226Ra 222Rn . 4He . 8}(
radium-226 radon-222  alpha  energy

particle



Types of Radioactive Emissions

3. Gamma radiation



Any Qestions?
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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:

4
1. Alphaparticle( He or o).
2

0
2. Beta ( e) or B
1

0
3. Positron emission ( e) or ‘Bt
1
0
Y

4.  Gamma rays ( ) or vy
0
Nuclear Chemistry. Dr. Ibrahim A.l. Hassan 2



Radioactive Emissions Penetration



Radioactive Emissions Penetration

Penetrating power of Alpha, Beta and Gamma ray through Paper, Aluminium, Led and Concrete

Beta ray
B e
Gamma ray
Neutron

Paper Aluminium Lead Concrete

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan



Radioactive Emissions Penetration

Shielding

Paper Plastic Concrete/Steel/Lead

y
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Electron Capture



Electron capture

Capture by the nucleus on an inner shell electron

of the electron cloud.

Rubidium-81 does this:

81 0 81

Rb + e — Kr
37 1 36

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan



Electron Capture

Ve
W+
n e-
neutrino
Ve
a_T_-
N aa ;
_T_-*_‘_‘F i . ‘
electron
K
L
\Y|

www.nuclear-power.net
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Electron capture
Electron capture has the effect of positron

emission, converting a proton to a neutron

1 1 0

p n -+ e
41 0 41



Electron Capture

Electron Capture 1s the opposite of Beta Emission

-

The capture of the electron allows a proton to turn into
a neutron

A 0 A
Xt € S

1 71




Electron Capture
218 0 218

At + e = Po

84

85

-1

Capture negative particle,

forming a neutron from a proton
*Atomic # decreases by 1
*Mass # stays the same
(electrons have no mass)



Electron capture

7 Electron Capture 7 -
— s
.Be€ L



Electron capture

40
g AT

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Electron capture

40 0 40
—)

19 K + -1 € 18 A r

Which is like positron emission:

40
19

K— . Ar + B*




Which is like positron emission:

15 55 , O
00— N + ¢




Electron Capture

Electron capture: (inner-orbital electron
is captured by the nucleus)

201 0 201 0
> D= 9
o2 e SSAUE

G

Electron capture converts a proton to a
neutron

Nuclear Chemistry. Dr. Ibrahim A.l. Hassan
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Write your own Electron Capture

A 0 A
X T € > Y
Z -1 71
What is Y?
37 0 A
Ar+ ¢ - Y
18 -1 Z-1
57 0 37
Art g - (1
18 -1 17

TR R R ERRRERRRRRRRRRRR AR T~ -



Any Qestions?



Nuclear Chemistry 3
" .\%4, ,
4t Year Zoology & Entomology O/Nf “,zc

2020-2021

Neutron

Dr. Ibrahim A. 1. Hassan éo “ O}F“ !
I.Hassan@bath.edu Y"?%S“ﬁ\
-Jei ey

Nuclear Stability

Nuclear Chemistry  Dr. Ibrahim A. |. Hassan


mailto:I.Hassan@bath.edu

Binding energy:
It was found that the atomic weight of an
element is less than the sum of weights of

nucleons (Protons and Neutrons).



Atomic Mass Unit

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

or= 1.6605 x 10-** gm.

1 Proton = 1.0073 a.m.u

1 Neutron =1.0087 a.m.u

Nuclear Chemistry  Dr. Ibrahim A. . Hassan



Binding energy in Helium

—0.0305 u

1.0087

4.0320 u 40015 u

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan



Binding energy in Helium

@® 2 rotons = 2 x 1.00728 u = 2.01456 u
+

Q@O - cuirons - 2 x1.00728 u = 2.01732 u

Total mass of individual particles = 4.03188 u

* o particle mass = 4.00153 u

Extra mass = 0.03035 u

Nuclear Chemistry  Dr. Ibrahim A. l. Hassan




Binding energy

0 At. Wts. Of Hg = 199.9683 a.m.u, while the

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

0 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?

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan



Binding energy

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”

Nuclear Chemistry  Dr. Ibrahim A. l. Hassan



Calculation of Binding energy
Binding energy can be calculated by using
Albert Einstein’s equation of the relationship

between mass and energy:

c=mcC
E = Energy (Erg) m = mass (gm)
= Speed of light (2.998 x 10!’ c¢m sec™)

i

Nuclear Chemistry  Dr. Ibrahim A. l. Hassan



Calculation of Binding energy
The energy produced by consuming one atomic mass unit

can be calculated as the following:
E =(1.6605 x10-2%) x (2.998 x101)2=1.49x10-% gm cm? Sec>
As: (1 a.m.u = 1.6605 x 1024 gm)
E=1.49 x10° x (6.242 x10) =93 x 108 eV
As: (1gm cm? Sec? =6.242 x 10!1eV)

That’s means; the energy produced by consuming one

atomic mass unit = 930 million electron volts.

Nuclear Chemistry  Dr. Ibrahim A. l. Hassan



Calculation of Binding energy

Calculation of Binding energy for Helium nucleus:
Binding Energy =

0.0305 x9.30 x10% =0.28 x 10% 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

Nuclear Chemistry  Dr. Ibrahim A. l. Hassan 10



Calculation of Binding energy

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.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan
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Binding energy
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.

Nuclear Chemistry  Dr. Ibrahim A. l. Hassan
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The relationship between the binding energy of each

nucleon and the atomic mass number.
Q

~

n

)
—n
I
v

|

Average binding energy per nucleon (MeV)
P T
| |

—_

K
3 I
P
———
p——

1 | | 1 | 1 1 1
20 40 60 80 100 120 140 160 180 200 220 240

Number of nucleons in nucleus, A
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Nuclear Stability

What makes a nucleus stable?

< The number of neutrons needed to create a
stable nucleus increases more than the

number of protons.

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

What makes a nucleus stable?

- It depends on a variety of factors.

O

O

No single rule allows us to predict whether a

nucleus is radioactive and might decay unless

we observe it.

There are some observations that have been

made to help us make predictions.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan 15



Nuclear Stability

What makes a nucleus stable?
Neutron to proton ratio
+ Strong nuclear force exists between nucleons.

<+ The more protons packed together the more

neutrons are needed to bind the nucleus

together.

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

What makes a nucleus stable?

< Atomic nucleus with an atomic number up to
twenty has almost equal number of protons

and neutrons.

< Nuclei with higher atomic numbers have

more neutrons to protons.

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

Belt of stability

d All nuclei with 84 or more protons are

radioactive.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan
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140 Nuclear Stability
& decay
130 :g Bi H
-120 ;;"
184 14r -
110 74N T T "
(X 1.49) -
100 ~ 2ot
4
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g i
g 70 N
5 G
< 80+
80
Peositron emission and/or
eiectron capture
L I |

1 ]
40 50 60 70 80 80
Protons (Z)
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Nuclear Stability

Belt of stability

[ 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 Chemistry  Dr. Ibrahim A. I. Hassan 20
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Isotopes
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Isotopes

» Isotopes Differ in number of neutrons only.

> They are distinguished by their mass

numbers.

Nuclear Chemistry  Dr. Ibrahim A. . Hassan



Isotopes

* Isotopes are Nuclei with the same atomic
number but ditferent 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.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan



Isotopes

Carbon Carbon-13 Carbon-14

@ 6 Protons @ 6 Protons @ 6 Protons

» 6 Neutrons ® 7Neutrons » S Neutrons
Nuclear number Nuclear number Nuclear number
=6+6 =6+7 =6+8
=12 =13 =14



Isotopes

Three Isotopes of Hydrogen

OO
lH ZH BH

Protium Deuterium Tritium

p—



Isotopes

'H ’H SH

1 1 1
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Isotopes

Hydrogen Isotopes

Hydrogen Deuterium

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan



Isotopes

< Natural Uranium, which is found in many
rock formations on earth, has three
isotopes that all experience alpha

emission, the release of alpha particles.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan



Isotopes

233

0 U Is Uranium with an atomic mass
92

of 233 and atomic number of 92.

0 The number of neutrons is found by

subtraction of the two numbers :

233 — 92 (protons) = 141 neutrons.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan
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Isotopes

<« The isotope composition

Uranium is:

99.27% Uranium-238,
0.72% Uranium-235,

A trace of Uranium-234.

of natural

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan
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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.

Nuclear Chemistry  Dr. Ibrahim A. I. Hassan 12
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