
 

 

  

 

Electrons not only spin on their own axis, they are also in a constant circular motion around 

the nucleus. Despite this terrific movement, electrons are very stable. The stability of electrons  

mainly comes from the electrostatic forces of attraction between the nucleus and the 

electrons. The electrostatic forces are also known as Coulombic Forces of Attraction. This 

attraction of the nucleus for electrons causes the centripetal force for the electrons. 

Centripetal force is the inward force from the circumference to the center of the circle.  

Centripetal Force 

(2) However if only the centripetal force were operating, the electrons would fall into 

the nucleus in a spiral pathway called the death spiral of the electron. 

 

                                                  Death spiral of Electrons 

Watch this video on death spiral of elecron 

https://www.youtube.com/watch?v=y5xVj3vLYmU 

(3) Death spiral does not occur at all! This is because the centripetal force is 

balanced by the circular motion of the elctron causing the centrifugal force. 

The centrifugal force is the outward force from the center to the 

circumference of the circle. 

 

Centrifugal Force                                      Balance between Centripetal and                             

                                                                      Centrifugal forces 

One of the most curious observations with atoms is the fact that there are 

charged particles inside the atom and there is also constant spinning and 

circling. How does atom remain stable under these conditions? Remember 

Opposite charges attract each other; Like charges repel each other. Your 

Task: Read the following information and consult with your teacher as 

needed, answer Warm-Up tasks 2 and 3 on Page 2. 

Stability of the Nucleus 

We know that like charges repel each other. Now think of nucleus in which 

protons are present. Because of the like charges, protons are going to repel 

each and if the repulsion constantly occurs, it can cause the nucleus to 

expand and burst open. However, this does not happen because neutrons 

serve as spacers between protons and minimize the repulsive forces 

between protons and thus keep the nucleus. 

 

So, the stability of the 

nucleus is due to the 

nuclear binding force. 

Coulomb is the unit of 

electrical charge. Coulomb 

is the scientist who 

discovered electrostatic 

forces of attraction. 

 

First, we quickly review pre-requisite concepts 

Warm-up 1: List the name, charge, mass, and location of the three subatomic 

particles 

Particle Location Charge  Mass in a.m.u. 

    

    

    

 

STABILITY OF ATOMS 

b. Construct an argument to support the claim that the proton (and not the neutron or electron) defines the element’s identity.   

c. Construct an explanation based on scientific evidence of the production of elements heavier than hydrogen by nuclear fusion.  

d. Construct an explanation that relates the relative abundance of isotopes of a particular element to the atomic mass of the element.   

STANDARD SC1 

https://www.youtube.com/watch?v=y5xVj3vLYmU


The Concept of Electron Cloud: A calculation shows that the electron is traveling at about 2,200 kilometers per second. At such high speed, all electrons together 

appear like a cloud around the nucleus, because their particle nature cannot be seen. (Electron cloud will be reviewed again in Atomic Structure and Electronic 

Configurations) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

At very high speed, circulating particles’ location becomes difficult and they appear less and less clear or they appear cloudy. 

 

Heisenberg’s Uncertainty 

Principle (You will study this 

later in atomic Structure 

Chapter) 

The Heisenberg’s 

Uncertainty Principle states 

that you can never 

simultaneously know the 

exact position and the exact 

speed of an object. Higher 

the speed, position becomes 

more and more difficult to be 

determined. 

 

Not Moving 
High Speed 

Very High 

Speed 

 

Radius of the Atom 

1 to 5 Angstrom Unit (Å = 10^-10 m) 

Radius of the Atomic Nucleus 

1.110086953716 ×10^-15 m 

Radius of the Proton 

1.112772961016 ×10^-15 m 

Radius of the Neutron 

1.113284057367 ×10^-15 m 

Radius of the Electron 

9.087345835484 ×10^-17 m 

Source: The General Science Journal; 

http://www.gsjournal.net/old/physics

/yue.pdf 

 

 

 

 

 

 

Warm-Up-3 

Why are electrons in the atom are called as an electron 

cloud? 

 

 Warm-Up 2 
What is the centripetal  force for electrons? 
What is death spiral of electrons? 
What is the centrifugal force of the electron? 
How are electrons stabilized? 

Very Very High 

Speed 

1 to 5 Å 

Electron Cloud 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Masses of Electron, Proton, and Neutron 

Mass of neutron is 1.6749 x 10-27 kg. 

Mass of proton is 1.6726 x 10-27 kg. 

Mass of electron is 9.1 x 10-31 kg 

Comparative or Relative Masses of Subatomic Particles 

(Follow Instruction and Work Out the calculations) 

Proton is 1837 times heavier than an electron 

Neutron is 1842 times heavier than an electron. 

Analogy: A pen weighs 30 grams and a pencil weighs 3 grams. How many 

times is the pen heavier than the pencil? 

30/3 = 10 times 

Apply the same principle here and do the following calculations and see 

whether you get values close to the values given above for the relative masses 

of proton and neutron as compared with the electron. 

Mass of Proton divided by Mass of Electron = 

Mass of Neutron divided by Mass of Electron = 

 

Discoverers of Subatomic Particles 

Electron: J. J. Thomson 

Proton: Rutherford 

Neutron: Chadwick 

Daily Formative Assessment 1 
Atomic Number is also equal to the Number of electrons - why? 
  
Mass Number 

Total number of protons and neutrons present in the nucleus of an atom is called 
"Mass number".  It is denoted by "A". 
 
Daily Formative Assessment 2 (See Appendix to learn more) 
 

What would you get if you subtract Atomic Number from Mass Number? Fill in the 
blank 
 
Mass Number — Atomic Number = Number of ----------------------------------  

Atomic Number  

By definition, the total number 

of protons present in the nucleus 

of an atom is called "Atomic 

number."  It is denoted by "Z". 

 

Isotopes:  Most elements are made up of one variety of the same atom. However, some elements 

occur in different varieties of the same atom. Such elements are said to be having isotopes.  Isotopes 

are atoms of the same element having the same atomic number but different mass numbers. 

Now (from your Daily Formative Assessment Question 2) you will be able to tell in the count of which 

subatomic particle will the isotopes differ.  

You can do this (fill in the blanks) to figure out the answer for the question: 

Isotopes have same atomic number; therefore they should have the same number of ---------------------- 

and ---------------------------. 

Isotopes have different mass number; therefore, they should have different number of ---------------------

Formation of heavier elements: https://www.youtube.com/watch?v=jf_4z4AKwJg 

https://www.sciencelearn.org.nz/resources/1727-how-elements-are-formed 

 

 

Protium             Deuterium           Tritium 

No neutrons     One Neutron     Two Neutrons 

One Electron      One Electron     One Electron 

One Proton       One Proton       One Proton 

Isotopes of Hydrogen 

After learning about Isotopes, complete the Daily Formative Assessment 3 

Take Quiz at http://www.sciencegeek.net/Chemistry/taters/Unit1AtomicStructure.htm 

 

Review of Atomic Structure Basics 

https://www.youtube.com/watch?v=jf_4z4AKwJg
https://www.sciencelearn.org.nz/resources/1727-how-elements-are-formed


 

                   

Daily Formative Assessment 4: Complete the following chart and answer 

the questions below. See Appendix for additional help. 

Element 
Name 

Atomic 
Number 

Number 
of 
Protons 

Number of 
Neutrons 

Mass 
Number 

carbon    12 

 8  8  

hydrogen    1 

  6  14 

hydrogen   2  

nitrogen    14 

   1 2 

 92  146  

cesium   82  

 11  12  

  47  108 

tungsten   110  

   45 80 

  24  52 

   89 152 

silver    107 

Symbolic Representation of an 

Element with Atomic Number and 

Mass Number 

There are many 

monoisotopic 

elements   

 

Average Atomic Mass: Atomic Mass – as in 

Periodic Table is the weighted average 

atomic mass of all the isotopes of an 

element. 

Formula for calculating average atomic mass 

 

To calculate the average atomic weight, each exact 

atomic weight is multiplied by its percent abundance 

(expressed as a decimal). Then, add the results together 

and round off to an appropriate number of significant 

figures. 

Solved Problem: Carbon 

Carbon occurs in two isotopes. The mass number, 

atomic mass, and percent abundance are given 

below. Find the average atomic mass of carbon. 

mass number  exact weight  percent abundance 

12  12.000000  98.90 

13  13.003355  1.10 

This is the solution for carbon: 

(12.000000) (0.9890) + (13.003355) (0.0110) = 12.011 a.m.u 

 

 

 

Isotopic Abundance 

The isotopes of an element do not occur 
in equal proportions. One isotope may 
occur mostly and other isotopes may be 
present to smaller extents.  The percent 
composition of an isotope is generally 
called Percent Abundance or Relative 
Abundance 

 

 

Difference between Mann Number and 

Average Atomic Weight (or Mass) 

Mass Number Average Atomic 
Mass 

Count (Number of 
protons + Number 
of Neutrons) 

Measurement 
(Mass) 

No Unit a.m.u is the unit 

Whole number  Can be in 
decimals 

 

Symbolic Representation of an Element in 

the Periodic Table with Atomic Number and 

Average Atomic Mass. Once you know the 

atomic number, you can easily find out the 

name of the element from the Periodic 

Table. 


