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Nuclear reactions

The structure of the nucleus
The nucleus of any element consists of a number of protons and a number of neutrons which may be equal or grater than the number of protons.

The sum of protons and neutrons is called mass number whereas the number of protons only is called the atomic number.

The symbol of any element is written such away as to illustrate the structure of the nucleus for example 

 He 

1.  the helium atom where number 4 represents the mass No and the No 2 represents the atomic No from this you can calculate the No of neutrons by subtracting  The atomic No from the mass No

Therefore the No of neutrons in a nucleus of a certain element = Mass No - Atomic No

2-  The Hydrogen atom: 

H (protium)  No1 represent the mass No And the other 1 represent the atomic No so it is clear that the nucleus of protium does not contain any neutrons and protium is the only element which has no neutrons in its nucleus.

 Isotopes: When studying the structure of the nucleus of any element we observe in some cases the occurrence of different kinds of nuclei in atoms of the same element this is due to the difference in the number of neutrons in the nuclei and these are called the isotopes of the element.

Definition1: Isotopes are different forms of the atom of an element having the same atomic number but different mass number.

	Isotope  
	protons
	neutrons

	protium 

H
	1
	0

	deuterium 

H 
	1
	1

	tritium 

H
	1
	2


Hydrogen Isotopes
	Isotope  
	protons
	neutrons

	

O
	8
	8

	

O 
	8
	9

	

O
	8
	10


Oxygen Isotopes
The stability of the nucleus of the atom of an element depends on binding energy 
Example:  Giving that :

 The mass of protons = 1.00735 A.m.u 

 The mass of neutron = 1.00875 A.m.u

 the mass of electron = 0.0005485 A.m.u

Where A.m.u (Atomic mass unit) = 1.66 x 10 -24 gm., Calculate the mass of the constituents of the nucleus and the atom of helium. 

Solution: 

The mass of protons =2 x 1.00735 =2.0147 A.m.u

The mass of neutrons=2 x 1.00875 =2.0175A.m.u

The mass of electrons =2 x 0.0005458 =0.0010916  A.m.u

The mass of nucleus=2.0147  + 2.0175 = 4.0322 A.m.u = 4.03  Approximately    

The mass of atom = 4.0322 +  0.0010916 = 4.0332916 A.M.U= 4.03  Approximately 

So we can say that the mass of the atom is concentrated in the nucleus due to the small mass of the electrons. This is verified by all known elements.

Energy is stored in the nucleus: 

There are many kinds of energy inside the nucleus , The most important forces of them are:

1. Repulsive forces between positive protons.

2. Attractive forces between neutral neutrons.

3. Attractive forces between neutral neutrons and positive protons due to the exchange of mesons. Definition2: The meson is a small subatomic particle with a positive or negative charge.

How are mesons exchange?

Protons and neutrons are changing to each other i.e. the proton spends part of its life time as a neutron and vice versa.

 Proton                    (                      Neutron + positive meson.

 neutron                  (                     proton + negative meson.                  

The stability of the nucleus of any element can be explained by the fact that the attractive forces are much greater than the repulsive forces inside the nucleus.

 Definition3: The nuclear binding energy is the energy required to bind the constituents of the nucleus together.

Historical stuff about matter and energy:

As you learned before that energy neither created nor destroyed.
That was the common concept believed until 1905 , Planck stated  and published the quantum theory (mass can be converted into energy and vice versa).
Definition4: Planck’s law                  Energy = converted mass x constant
Definition5:   constant of Planck had been defined as: The work that can be obtained on the conversion of a mass of 1 gm.

1905 Einstein calculated Planck’s constant as the square of light velocity = (3 x 10 8  m/s )2 
 1925 Research by the Egyptian scientist Dr.  MOSTAFA MUSHARAFA explained that mass, energy, and radiation are closely related together.

Mathematical stuff about matter and energy:

We can calculate the energy produced from the conversion of 1 gm. Of matter as :

Energy =0.001 x (3 x 10 8    )2= 9 x 10 13 J.

Energy = 9 x 10 13 / 4.184 = 2.15 x 10 13 calorie

But if the mass is measured in the atomic mass unit  (=1.66 

10-24g) then the energy will be measured in unit called the electron volt.(and the constant will be 931.5).
Definition6: an electron volt is the work done in transferring one electron form one point to another when the potential difference between them equals 1 volt.

So the energy produced from the conversion of one atomic mass unite  = 931.5 M.E.V 

solved examples :-

1. calculate the energy in calories produced  from the conversion of A mass 5 g

solution :

energy = 5

9 

1013 =45 x 1013 = 4.5 x 1014 J.

In calories = 4.5 x 10 14 / 4.184 = 10.75 x 1013 calorie

2.  Calculate energy produced from the conversion of a mass of 0.5 gm in joules

solution :

energy = 0.5 x 9 x1013 = 4.5 x 1013 J 

How to calculate the binding energy ??          
The nuclear binding energy = mass of protons and neutrons - actual mass of the atom 

The mass defect becomes the source of the binding energy   
Solved examples:-

Calculate the binding energy of a Helium nucleus 

 He Giving that :

The actual mass of helium atom = 4.002604 AMU 
The mass of the proton = 1.0073 AMU

The mass of the neutrons =1.0087 AMU

Then calculate the binding energy per  nucleon 

Solution:
The mass of protons = 2 x 1.0073 = 2.0146  AMU

The mass of neutrons = 2 x 1.0087 = 2.0174 AMU

The mass of the constituents of the nucleus = 2.0146 + 2.0174 =4.032 AMU

The mass defect = 4.032 - 4.002604 =0.029396 AMU

The binding energy = 0.029396 x 931 = 27.37 MEV 

The binding energy per nucleon = total binding energy /  mass number

(Specific binding energy ) = 27.37  /  4 = 6.8425

N.B. The specific binding energy indicates The stability of the nucleus .

When it increases , This means that the nucleus is more stable.

 The nuclear binding energy for  Calcium is 342 MEV and its mass no is 40 , Therefore the binding energy per nucleon (Known as specific binding energy) 

= 342/40=8.55 MEV.
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