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Module 4_Lesson 2:
“Quantum Theory and the Atom”

By Mr. Mouad

Inspire Chemistry



1- Our skin becomes hot under the sun because we absorb

 the energy that is in the light. In other words, Light is (نمتص)

Energy.

Review your physics knowledge:True 

or False?

2- Light has both wave-like ( الموجةمثل ) and particles/Energy-

like (طاقةبهاجسيماتأوالطاقةمثل) nature.

True

True



Keywords:

Matter  Anything that has a mass and occupies space (has a volume) (an المادة

object(

Stuff Things الأشياء

Substance A physical material or item )Also a matter)

atom الذرة

Model Prototype or نموذج

Particles “Par-ti-kels” can be atoms, protons neutrons or any tiny objectsالجسيمات الصغيرة 

Orbit A circular path (مدار دائري)





The different wavelengths of colors.

Lowest wavelength

Highest wavelength



Is UV (Ultraviolet) light  الأشعة فوق البنفسجية safe or dangerous?

Why? How can we explain that it is dangerous? (Hint: Energy)

Critical Thinking: التفكير النقدي

Different wavelength = Different energy 

That’s why UV light is dangerous (High energy).

Lower wavelength=Higher energy



The continuous spectrum (s-pekt-rum) 

( المتصلالسلسلة أو الطيف  )

Prism المنشور



Emission or atomic Spectrum of elements

الطيف المنبعث أو الذري

To get the “emission” spectrum 

of an element, you must heat it 

up (give energy until it glows 

(تتوهج

Remember



Emission or atomic Spectrum of elements

Different elements have different emission spectrum or atomic 

spectrum. Why??

White light form the sun

Helium

Iron



THE MAIN QUESTION OF THE LESSON

Why does every element produce a 

unique(special مميز) atomic emission spectrum?

It has to do with the atomic models and the 

electrons around the atom. 



Keywords: (2 min)

Matter, Stuff, Substance  Anything that has a mass and occupies space (has a المادة

volume) A physical material or item )Also a matter)

Particles “Par-ti-kels”  can be atoms, protons neutrons or any tinyالجسيمات الصغيرة 

objects

Orbit A circular path (مدار دائري)

Ground State الحالة  Status, Low Energy الحالة الأرضية

Excited State High Energy الحالة المثارة

Quantum (Kwa-n-tum) The minimum amount of energy gained or lost by an atom.

Photon (Fo-to-n) A particle of light that has the smallest amount of energy 

possible (the energy of a quantum)



https://edushare.moe

.gov.ae/Uploads/Res

ources/560ac28d-

53f1-4481-b3b3-

e6a9f90c11de/64671

58/index.html
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Bohr’s Model of the atom



Ground state Vs. Excited State



Ground state Vs. Excited State



n=3

n=2

n=1

Nucleus of 

Hydrogen

Bohr’s Model of the Hydrogen Atom



n=3

n=2

n=1

Nucleus of 

Hydrogen

Bohr’s Model of the Hydrogen Atom



Activity

Image

: A

Image: 

B

The model of the atom that has electron going around the nucleus in an 

orbit (circle) is called:___________ 

Which atom is in the ground state? Image A or B?

Which atom is in the excited state? Image A or B?

Bohr’s Model

A (lowest energy)

B (Higher energy)



Remember

Write one science question on the image 

below.

Wavelength (nm)

Wavelength (nm)

Why is the emission spectrum of hydrogen 

not continuous (only some lines) ?



Bohr’s Model of the Atom

• A hydrogen atom is in the ground state when its single electron is in 

the n = 1 orbit. 

• When energy is added, the electron moves to a higher-energy 

orbit, n = 2. 



Bohr’s Model of the Atom

• A hydrogen atom is in the ground state when its single electron is in 

the n = 1 orbit. 

• When energy is added, the electron moves to a higher-energy 

orbit, n = 2. 



Hydrogen Atomic Spectrum & Energy Levels

Image 1

Image 2



Hydrogen Atomic Spectrum & Energy Levels

Image 1

Image 2



Reading activity: The 

limitations(تحديات) of Bohr’s Model.

From the paragraph above, right down 3 

main limitations of Bohr’s Model.



Reading activity: The 

limitations(تحديات) of Bohr’s Model.

From the paragraph above, right down 3 

main limitations of Bohr’s Model.



Think!?

If Bohr’s model has some mistakes, 

then, where are the electrons 

really??



The Quantum Mechanical Model

Bohr’s Model DE Broglie's New Model: 

Electrons behave like a wave 

and a particle





Have a look at these two 
images of a fan(مروحة).

-Which image gives you the location of  blade A? 

-Which image tells you the speed of blade A? 

-Which image can tell you both the speed and location of blade 

A at the same time? Is it possible? 

Blade A

Image 1
Image 2

Image 1

Image 2

None. We can’t.
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-Which image tells you the speed of blade A? 

-Which image can tell you both the speed and location of blade 

A at the same time? Is it possible? 

Blade A

Image 1
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Image 1

Image 2

None. We can’t.



"Heinsberg" Uncertainty Principle

Based on De Broglie’s Model of the standing 

wave, the scientist Heisenberg formulated 

the following postulate or concept:

It is impossible to define or determine both 

the speed and the location of an electron at 

the same time.



The electrons are around the 

nucleus. 

However, where are the 

electrons located 

exactly????



Schrödinger 

Bohr’s Energy 
levels. Electrons 
have quantized 

energies.

De Broglie’s 
electron-wave 

nature

Heisenberg 
uncertainty 

principle

The Quantum Mechanical Model to describe the 

electron’s location and energy.

Electrons are in a space called “Orbitals”



Schrödinger 

Bohr’s Energy 
levels. Electrons 
have quantized 

energies.

De Broglie’s 
electron-wave 

nature

Heisenberg 
uncertainty 

principle

The Quantum Mechanical Model to describe the 

electron’s location and energy.

Electrons are in a space called “Orbitals”



High probability = 

90% probability

(Location of the electrons)

“•” this is not an electron. It is 

a possible location of an 

electron





High probability = 

90% probability

(Location of the electrons)

“•” this is not an electron. It is 

a possible location of an 

electron



Compare and Contrast the 
Quantum and Bohr’s Model



1- Bohr’s Model & the quantum model limit an electron’s energy to certain values (Energy levels of 
electrons, quantum energy). 

2- The quantum mechanical model doesn’t describe the path or the movement of electrons.

3- An atomic orbital is a 3D space around the nucleus where protons can be found.

4- The quantum mechanical model describes the path of electrons in the orbitals.

5- Bohr’s model is more accurate( كثر دقةأ ) than the quantum mechanical model.

Which statements are correct? There is more than one correct answer.



(True or False)

1- In the quantum mechanical model, electrons have 

specific/quantized Energy. 

2- Like Bohr’s Model, the quantum mechanical model 

does attempt to describe the path of electrons around 

the nucleus. F

T





Activity: How can we describe the location of an electron?

You are ordering from Talabat, and the 

driver asked you for your location. You 

live in apartment K. How will you describe 

your location in the building?

You need:

Building name

Block

Floor number

Apartment number.

Example: 

Asiad building, 

Block 5, 

3rd floor 

apartment K

*We need 4 

types of 

information 

to describe 

an electron*

A     B      C

E 

K 

Asiad building, Block 5
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Block
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Apartment number.

Example: 
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3rd floor 
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*We need 4 
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E 
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Asiad building, Block 5



Keywords

Quantum numbers 4 numbers that describe an electron 

around the atom.

Energy Shell Energy Level

Energy Subshell Energy Sublevel

Orbital A probable location of the electron.

Orbit A circular path (مسار دائري)



High probability = 

90% probability

(Location of the electrons)

“•” this is not an electron. It is 

a possible location of an 

electron



To describe an electron’s orbital
or location, we focus on the 4
quantum numbers:

▪Relative size and Energy of the orbital.

▪Shape of the orbital.

▪Orbital orientation 

▪Electron spin 



These 3 quantum numbers describe the location and 

energy level of an electron in the atom:

The 4 Quantum Numbers



To completely describe an electron, we use: The four 

Quantum numbers

The 4 Quantum Numbers



Hydrogen’s Atomic Orbitals

Principal Quantum Number (n)

• The quantum mechanical model assigns four quantum numbers to atomic orbitals. 

• The principal quantum number (n) indicates the relative size and energy of atomic 
orbitals. 

• As n increases, the orbital becomes larger, the electron spends more time farther from 
the nucleus, and the atom’s energy increases. 

• n specifies the atom’s major energy levels, called the principal energy levels. 

• An atom’s lowest principal energy level is assigned a principal quantum number of 1. 



Hydrogen’s Atomic Orbitals

Principal Quantum Number (n)

• The quantum mechanical model assigns four quantum numbers to atomic orbitals. 

• The principal quantum number (n) indicates the relative size and energy of atomic 
orbitals. 

• As n increases, the orbital becomes larger, the electron spends more time farther from 
the nucleus, and the atom’s energy increases. 

• n specifies the atom’s major energy levels, called the principal energy levels. 

• An atom’s lowest principal energy level is assigned a principal quantum number of 1. 



P orbitals

Try Yourself

https://www.chemtube3d.com/orbitals-s/

Shape of the orbitals: Secondary/Angular Quantum 

number (l) 

Subshells or Sublevels (s, p, d & f)



P orbitals

Try Yourself

https://www.chemtube3d.com/orbitals-s/

Shape of the orbitals: Secondary/Angular Quantum 

number (l) 

Subshells or Sublevels (s, p, d & f)



Hydrogen’s Atomic Orbitals

Energy Sublevels

• Principal energy levels contain energy sublevels (n). 

• Principle energy level 1 consists of a single sublevel (s), principle 

energy level 2 consists of two sublevels (s and p), and so on. 

“S” sublevel.

“S” and “P” sublevels.

“s”, “p” , “d” and “f” sublevels

“s”, “p” and “d” sublevels



Hydrogen’s Atomic Orbitals

Energy Sublevels

• Principal energy levels contain energy sublevels (n). 

• Principle energy level 1 consists of a single sublevel (s), principle 

energy level 2 consists of two sublevels (s and p), and so on. 

“S” sublevel.

“S” and “P” sublevels.

“s”, “p” , “d” and “f” sublevels

“s”, “p” and “d” sublevels



Hydrogen’s Atomic Orbitals

• Sublevels are labeled s, p, d, or f according 

to the shapes of the atom’s orbitals. 



Hydrogen’s Atomic Orbitals

• Sublevels are labeled s, p, d, or f according 

to the shapes of the atom’s orbitals. 



One Orbital can hold a 

maximum of 2 

electrons



One Orbital can hold a 

maximum of 2 

electrons



“Critical thinking”

• The number of orbitals in any energy level n is equal to n2.

• Example: energy level (n=2) will have a 22= 4 orbitals

• One Orbital can hold a maximum of 2 electrons. 

What is the maximum number of electrons in 

any energy level (n)?

❖n2

❖2n2

❖2n
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“Critical thinking”

• The number of orbitals in any energy level n is equal to n2.

• Example: energy level (n=2) will have a 22= 4 orbitals

• One Orbital can hold a maximum of 2 electrons. 

What is the maximum number of electrons in 

any energy level (n)?

❖n2

❖2n2

❖2n



One Orbital can hold a 

maximum of 2 

electrons

Maximum number of 

electrons in a level= 2n2 or 

2n+2 or n2+4 ?



Summary
Shells, Subshells and orbitals

Energy level (n)
Energy sublevel (l)

S, p, d, f



Quiz

atomic orbitalD

ground stateC

quantum stateB

excited stateA

What is the lowest allowable energy state of an 
atom called? 

1.

CORRECT



Quiz

4D

3C

2B

1A

How many sublevels does principal energy level 3  
consist of? 

3.

CORRECT



Module 4 Lesson 2


