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MODERN ATOMIC THEORY 

1. ATOMIC MODELS 

DALTON’S ATOMIC MODEL 

ê All atoms of an element have ………………………………, ……………………………… and the 
same …………………………………………………. 

ê The atoms of different elements have different ……………………, …………………… and 
……………………… ………………………………… 

ê Atoms are ……………………………………… particles.  
ê Atoms combine together in ……………… numbers to form compounds. 
ê In a chemical reactions atoms are ……………………………… 

Discovery of Electron  

Cathode Rays Experiment (Crooks tube) 

ê Cathode rays are sourced by high voltage. 
ê They goes from cathode (- electrode) to 

anode (+ electrode).  
ê They are diffracted by magnetic space. 

(So, they are charged particles) 
ê They go closer to the + plate at electrical 

area. (So, they are – charged particles) 
ê The move of cathode rays does not depend 

on the type of gas in Crooks tube. (All 
substances include – charged particles) 

 

 

 

In 1891, STONEY has proposed the term “ELECTRON” to describe fundamental 
unit of electrical charge. 

THOMSON’S ATOMIC MODEL (Plum pudding model) 

In 1897, by the cathode rays experiment, Thomson has calculated the 
charge/mass ratio of an electron as  

Charge
Mass =

q
m = −1,7588.108		C/g 

According to Thomson, there should be included + charged 
particles also in equal amount of – charged particles in 
atom. 

So, atom includes the equal amount of + and – charged 
particles homogeneously.  
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Millikan – Experiment with Oil Droplets 

In 1909, Millikan has calculated 
the mass (m) and charge (q) of an 
electron as  

m = 9,109.10-31 kg 

q = -1,6022.10-19 C 

 

 

 

 

 

Discovery of Atom’s Nucleus & Protons 

Goldstein Canal Rays Tube (1886) 

• Canal rays are positively charged particles. 
• These positively charged particles depend on the type of gas in canal tube. 
• They are called as PROTONs. 

RUTHERFORD’S ATOMIC MODEL (1911) 

 

 

ê Most of the space within the atoms is empty. 

ê All positive charged particles are placed in very small part of the atom called 
as nucleus. 

ê Electrons are found around the nucleus are numbers of them are equal to the 
protons. 

ê Total mass of protons is half of the total mass of atom. 

https://socratic.org/chemistry/a-closer-look-at-
the-atom/millikans-oil-drop-experiment 

http://physics.tutorvista.com/modern-
physics/rutherford-s-gold-foil-experiment.html 
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CHADWICK (1932) 

ê The second half of atomic mass is the mass of neutral particles which are called 
as neutrons placed in nucleus. 

 

SO: Determine which scientist claimed the given atomic models as below: 

 

 

 

 

 

 

 

 

BOHR’S ATOMIC MODEL (1913) 

• Where are the electrons placed on an atom? 

On the energy levels / shells 

• Are the electrons fixed on their places or not? 

No, they can be excited to higher energy levels by gaining energy 

• How do the electrons move to higher levels? 

By gaining energy from the outside  

• What is the name of an atom/state when an electron is on a higher energy 
level? 

Excited state or excited atom 

• How do the electrons do while passing their ground state? 

Release energy 

• What do the passing of an electron to its ground state cause? 

Emission different color of light 

• What is the main difference between Rutherford and Bohr’s atomic models? 

In Rutherford’s model there is no energy level, but there are a few energy 
levels in Bohr’s atomic model. 

 

 

https://goo.gl/QiPLP0  https://goo.gl/KgGpmd  

+ 

- - 

- 

- 
- 

+ 
- 

………………………… ………………………… ………………………… …………………… 
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Summary of Bohr’s Atomic Model: 

1- An electron in an atom can be found around the nucleus, at a certain distance 

from the nucleus, at circular, certain energy levels (trajectory or orbital). Each 

trajectory is denoted by a letter such as K, L, M, N or an "n" value such as 1, 

2, 3, 4, 5. 

2- Electrons of an atom tend to be at the lowest energy level (ground state). 

When the atom gains energy, the electrons move to the higher energy level = 

EXCITED STATE. 

3- Electrons receive energy from the outside in order to move from a lower energy 

level to a higher energy level (absorption). Or they emit energy to go from a 

higher energy level to a lower energy level (emission). 

 

ELECTROMAGNETIC SPECTRUMS 

Electromagnetic waves (radiation) are a form of energy as waves of the electric 

and magnetic fields spread in any media or vacuum.                                     

Wave length:  λ      

Amplitude: A 

Frequency:  or f 

Speed of light: c or Speed of wave: V 

 

Equations in wave model:  

c = λ .   OR   

 

 

 

Question 1: Calculate the frequency of a red light with the wave length 600 nm. 
(c = 3.108 m/s.) 

Solution: 

λ = 600nm   =?    

1 nm  10-9 m    = 3.108 m/s / 6.10-7 m 

600 nm x    = 5.1014 s-1 (Hz)  

   x = 6.10-7m 

 

n

n cn
l

=

n cn
l

=

n

n

1 µm = 10-6 m 

1 nm = 10-9 m 

1 A° = 10-10 m 
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Question 2: Calculate the speed of any wave which has 50 Hz frequency and wave 
length 140 cm. 

 = 50 Hz 

λ = 140 cm    = ?  

Solution: 

  = . λ  

= 50 s-1 . 140 cm 

= 7000 cm/s  

 
Question 3: The frequency of the light which is emitted by sodium vapour lamp 
is 5.1014 1/s. So, what is the wave length of this light in cm? (c = 3.1010 cm/s)  

 

 

 

Question 4: What is the frequency of red light with the wave length 7.10-5 nm? 

 

 

 

 

Question 5: What is the frequency of purple light with the wave length 4.10-5 cm? 

 

 

 

 

Question 6: What is the frequency of a light which is emitted by a diode with the 
wave length 700 nm? (c=3.108 m/s)  

 

 

 

 

 

 

 

 

n

J

J n

J

J
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Atomic Spectrums 

• If the elements are heated to the required high temperature in the form of gas 

or vapour, they emit radiation and give a continuous (line) spectrum when this 

radiation passes through the prism. 

• Elements create bright lines in different segments of the visible region in the 

line spectrum. The reason for these lines is that when materials receive energy 

(such as heat, electricity), they emit light in their specific wave length. 

• Each element has its own distinctive line spectrum. (EMISSION SPECTRUM) 

• Each element has also its own ABSORPTION SPECTRUM. 

 

 
 

 

(For colors) 

400 700 600 500 

Wavelength (nanometer) 

Energy of an electron at any energy level: 

𝐸7 =
𝑅9. 𝑍;

𝑛;  

𝐸7: Energy 
𝑅9: Rydberg constant = 2,18.10-18 J 
n: Energy level 
Z: Atomic number 
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Series of Hydrogen Spectrum 

 

 

 

 

 

 

 

 

 

 

 

https://goo.gl/Ag3GuX 

 

Question 1: To make hydrogen’s 1 electron be excited to 4th energy level from 3rd 

energy level, 

a) how many J of energy is required? 

b) what is the frequency of this required light? 

c) what is the wave length of that light in terms of cm? 

(RH= 2,18.10-18 J, h = 6,63.10-34 J.s, c=3.1010 cm/s) 

Solution: 

a)  ∆E = -2,18.10-18(1/ni
2-1/ns

2) 

     ∆E = -2,18.10-18(1/32-1/42) = -2,18.10-18(1/9-1/16) 

     ∆E = - 0,106.10-18 J 

b) ∆E = h.   0,106.10-18 J = 6,63.10-34J.s. è  = 1,6.1014 s-1         

c)  c = .3.1010 cm/s = 1,6.1014. λ  è λ = 1,875.10-4 cm.dir. 

 

 

 

n n

n

So, the energy difference between two energy levels: 

𝛥𝐸 = 𝑅9. 𝑍; >
1
𝑛?7;

−
1
𝑛@AB; C 

 

UV 

VIS 

IR 

IR 

IR 
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Question 2: In the Hydrogen spectrum, what is the energy difference for an 
electron during transition from 3rd energy level to the 1st energy level? 

 

 

 

What is the name of this jump in the series of Hydrogen spectrum? 

 

 

 
 
Go to the Exercise sheet (ATOMIC HYDROGEN SPECTRUM) 
 
Limitations of Bohr’s Atomic Model 

• It could not explain the line spectra of atoms containing more than one 
electron. 

• This theory could not explain the presence of multiple spectral lines. 
• It could not explain 3-D view or look of atom, because it was planar. 
• It was unable to explain of dual nature of matter as explained on the basis 

of De Broglie’s hypothesis. 
• It could not explain Heisenberg’s uncertainty principle. 
• No conclusion was given for the concept of quantisation of energy. 

Heisenberg Uncertainty Principle: 

The position and velocity of an electron cannot be determined at the same time. 

 𝛥𝑥. 𝛥𝑝	 ≥ G
HI

 
According to Heisenberg’s equation, the more certain position of the electron in 
the atom is determined, the more uncertain velocity becomes. 

On the other hand, light is used to measure the position and velocity of electrons 
and when light is applied to an electron, the position and also velocity of electron 
which gains energy change. 

De Broglie’s Hypothesis (1924) – The Dual Nature of Matter 

    
    

 

 

 

 

 

Wave 
Young – 2 split experiment 
 

Particle 
Einstein – Photoelectric Effect 
Simulation  
 
 
Planck – Black body radiation 
 
 

https://rationalisingtheuniverse.org/2016/06/03/
black-body-radiation/ 

https://www.khanacademy.org/scienc
e/physics/quantum-
physics/photons/a/photoelectric-effect  
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Davisson and Germer Experiment 

Davisson and Germer measured the wave lengths of electrons by showing that a 
low-energy electron beam was diffracted by a nickel crystal. 

In the same period, G. P. Thomson also observed a pattern of diffraction and 
interference by passing an electron beam through a thin metal plate and proved 
the wave characteristic of electrons. 

 
http://www.readorrefer.in/article/Experiments-to-prove-particle-and-wave-property-of-Electrons_2728/ 

 

 

 

 

 

 

 

 

 

 

 

𝐸 = ℎ. 𝜈 𝐸 = 𝑚. 𝑐; 

Wave + Particle = Dual Nature 

𝜈 =
𝑐
𝜆

 

ℎ.
𝑐
𝜆
= 	𝑚. 𝑐; 

ℎ.
1
𝜆
= 	𝑚. 𝑐 

𝝀 =
𝒉
𝒎. 𝒄

	 𝝀 =
𝒉
𝒎. 𝝑

	 OR FOR MATTER è 
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2. QUANTUM MODEL of ATOM 

Schrödinger stated that the regions where the probability of existence of electrons 
is high are considered as the wave functions of electrons. The regions for electrons 
are called as ORBITALs. 

Variables in mathematical operations used to derive wave functions are called 
quantum numbers. 

Quantum Numbers and Orbitals 

(n) The Principal Quantum Number: (the number of energy level) 

n represents the size and energy of orbital or is used to determine how far the 
electron extend from the nucleus. 

 

 

 

 

 

(ℓ) The Secondary Quantum Number: (the type/shape of orbital) 

ℓ represents the sub-level of electrons. It divides the shells up into smaller groups 
of subshells called orbitals.  The value of n determines the possible values for l. 
The values that ℓ can take are between 0 and n-1. 

For  n = 1 è ℓ = 0 è (s) 

n = 2 è ℓ = 0, 1 è (s, p) 

n = 3 è ℓ = 0, 1, 2 è (s, p, d) 

n = 4 è ℓ = 0, 1, 2, 3 è (s, p, d, f) 

The value of ℓ indicates the letters as s, p, d, f which express the orbital shape: 

 

0 1 2 3 … 

s 

(sharp) 

p 

(principal) 

d 

 (diffuse) 

f 

(fundamental) 

… 

 

 

 

 
 

 
.  

 

+ 

n = 1 
(K) 

n = 2 
(L) 

n = 3 
(M) 
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(mℓ), The Magnetic Quantum Number: (the orientation of orbital in space) 

mℓ represents the orientation numbers of individual sub-levels of orbitals from –ℓ 
to +ℓ. 

The total number of magnetic quantum numbers of each orbital is calculated by 
2ℓ+1. 

Orbitals  #s of each individual orbital  Total # of all orbitals 

ℓ = 0 (s) è mℓ= 0     è 1 orientation (2.0+1=1) 

ℓ = 1 (p) è mℓ= -1, 0, +1   è 3 orientations (2.1+1=3) 

ℓ = 2 (d) è mℓ= -2, -1, 0, +1, +2  è 5 orientations (2.2+1=5) 

ℓ = 3 (f) è mℓ= -3, -2, -1, 0, +1, +2, +3 è 7 orientations (2.3+1=7) 

 

n ℓ mℓ Individual Orbitals 

1 0 (s) 0 1s 

2 
0 (s) 

1 (p) 

0 

-1, 0, +1 

2s 

2px, 2py, 2pz 

3 

0 (s) 

1 (p) 

2 (d) 

0 

-1, 0, +1 

-2, -1, 0, +1, +2 

3s 

3px, 3py, 3pz 

3dxy, 3dyz, 3dxz, 3dz
2, 3dx

2
-y

2 

… … … … 

 

(ms) The Spin Magnetic Number: (the spin direction of electrons in orbitals) 

ms represents the orientation of the two electrons in each orbital. The values for 
ms are +1/2 and -1/2. 

 

SUMMARY: 

 

 

 

 

 

 

 

+ 

       n = 1 
 
max   2 e- 

n = 2 
 
2+6=8 e- 

n = 3 
 
2+6+10=18 e- 

s s 
p 

s 
p 
d 

s 
p 
d 
f 

n = 4 
 
2+6+10+14=32 e- 
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G The total number of orbitals at each energy level = n2. 

G There can be at most 2 electrons in each individual orbital. (PAULI’s principle) 

G So, the total electron number at each energy level = 2n2. 

Energy 

Levels 

Orbital numbers 

(n2) 

Orbital Type 

(s, p, d, f) 

Total Number of 
Electrons 

(2n2) 

1 (K) 1 s 2 

2 (L) 4 s, p 8 

3 (M) 9 s, p, d 18 

4 (N) 16 s, p, d, f 32 

 

Questions 

1) How many orbitals are there at 4th energy level? 

 

2) Write n, ℓ ve mℓ numbers of 3d orbital. 

 

3) Write ℓ ve mℓ quantum numbers of 4f orbital.  

 

4) Write n, ℓ ve mℓ numbers of 5s orbital. 

 

5) For an atom with the principal quantum number n=4; 
a) How many energy levels does it have? 

 

 

b) What are the values of its secondary quantum number?  

 

 

c) What types of orbitals and totally how many orbitals does it have?  
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ELECTRON CONFIGURATION 

Aufbau Principle:  

The basic principle of electron configuration in multi-electron systems is the 
placing of electrons from low-energy orbitals to high energies.  

ü Electrons cannot be placed in higher energy orbitals before the low energy 
orbitals are filled. 

ü (n + ℓ) is followed in order to determine energy rank. 
ü So the order of energy of orbitals is: 

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 6s 4f 5d 6p 7s 5f 6d 7s 

Pauli’s Principle:  

At most 2 electrons with opposite spins can be placed in one individual orbital.  

« So, max numbers of e- can be shown as s2, p6, d10, f14. 
« Schematic representation of orbitals: 

Not filled orbital: � or   

Half-filled orbital: W or  

Full-filled orbital: U or  

Hund’s Principle: 

The electrons are firstly placed one by one in same-energetic orbitals. After all the 
same-energetic orbitals have received one electron, the second electrons start to 
be placed with opposite spin. 

Incorrect  Correct 

p U��  WW� 

UW�  WWW   
Electron Configurations and Orbital Schemas of Elements:  

1H:  1s1 

 W 

2He:  1s2 

 U 

3Li: 1s2 2s1 

 U W 

4Be: 1s2 2s2 

 U U 
5B: 1s2 2s2 2p1 
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U U W�� 

6C:  1s2 2s2 2p2 

U U WW� 
9F: 1s2 2s2 2p5 

U U UUW 

15P:  1s2 2s2 2p6  3s2 3p3 

U U UUU U WWW 
19K: 1s2 2s2 2p6  3s2 3p6  4s1 

U U UUU U UUU W 

 

Questions: 

1) For Aluminium atom with atomic number 13;  
a) Write the electronic configuration. 

 
 
 

b) Draw its orbital scheme. 

 

 

2) Answer the following questions for X atom whose first 10 orbitals are full-filled 
with electron.  
a) What is the atomic number of it?  

 
 
 

b) How many electrons are there in its all s orbitals?  
 
 
 

c) How many electrons are there in its all p orbitals? 

 

 

3) What is the atomic number of X element atom whose p orbitals contain totally 
13 electrons?  
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4) X atom has 10 full-filled and 3 half-filled orbitals. So, what is the number of 
neutrons in X, according to which the mass number of X is 52? 

 

 

 

 

 

5) There are 3 electrons in the 3d orbitals of X atom. Accordingly, what is the 
atomic number of element X? 

 

 

 

 

 

6) Write the electron configurations and orbital diagrams of the elements given 
atomic numbers below. 

 

 

 

 

Element Electron configurations Orbital diagrams 

5X   

7Y   

12T   

18V   

21R   

25S   

30Q   

33M   

38N   
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Spherical symmetry: 

If the last orbital is full or half full in the electron arrangement of an atom, then 
this atom shows spherical symmetry. 

« The electrons in the atoms reaching spherical symmetry are lower in energy. 
è Being more energy is more stable.  

« So atoms with spherical symmetry are stable.  

Half-filled    Full-filled 

… s1 W    … s2 U 

… p3 WWW   … p6 UUU 

… d5 WWWWW  … d10 UUUUU 

… f7 WWWWWWW … f14 UUUUUUU 

Example: 

11Na: 1s2 2s2 2p6 3s1 

       W Half-filled è spherical symmetrical 

20Ca: 1s2 2s2 2p6 3s2 3p6 4s2  

    U Full è spherical symmetrical 

8O: 1s2 2s2 2p4 

       UWW è No spherical symmetry 

Question: Indicate whether there are spherical symmetries or not in the electron 
configurations of following elements. 

a) 7N 

 

 

b) 16S 

 

 

c) 18Ar 

 

 

d) 22Ti 
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¯ Some atoms change the electrons in the orbitals and reach spherical 
symmetric structure. 

Instead of “… s2d4”  it should be written “… s1d5” 

Instead of “… s2d9”  it should be written “… s1d10” 

Examples: 

24Cr: 1s2 2s2 2p6 3s2 3p6 4s2 3d4  à 24Cr: 1s2 2s2 2p6 3s2 3p6 4s1 3d5 

         U  WWWW�      W  WWWWW 

 

29Cu: 1s2 2s2 2p6 3s2 3p6 4s2 3d9  à  29Cu: 1s2 2s2 2p6 3s2 3p6 4s1 3d10 

         U  UUUUW      W  UUUUU 

 

ACTIVITY: Write the electron arrangements and orbital schemes of the following 
elements. 

Element Electron arrangement 

Orbital Scheme 

13Al  

 

18Ar  

 

20Ca  

 

23V  

  

24Cr  

 

25Mn  

 

27Co  
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29Cu  

 

30Zn  

 

36Kr  

 

38Sr  

 

42Mo  

 

47Ag  

 

 

Excited State of Atom: 

When an atom gains energy, one electron at its outermost energy level can pass 
to a higher energy level. This situation is called as EXCITED STATE.  

More than one excited state can be written for an atom.  

6C : 1s2  2s2  2p2 à Ground state 

6C : 1s2  2s1  2p3 à Excited state 

7N : 1s2  2s2  2p3 à Ground state 

7N : 1s2  2s2  2p2 3s1 à Excited state 

7N : 1s2  2s2  2p2 3p1 à Excited state 

Electron Configuration of Ions: 

An atom that loses or gains electron is called as ION. 

A cation is formed when a neutral atom loses electrons. 

12Mg: 1s2 2s2 2p6 3s2 è 12Mg+2: 1s2 2s2 2p6 

13Al: 1s2 2s2 2p6 3s2 3p1 è 13Al+3: 1s2 2s2 2p6   

21Sc:  1s2 2s2 2p6 3s2 3p6 4s2 3d1  è 21Sc+1: 1s2 2s2 2p6 3s2 3p6 4s1 3d1 

21Sc: 1s2 2s2 2p6 3s2 3p6 4s2 3d1  è 21Sc+2: 1s2 2s2 2p6 3s2 3p6 3d1 
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G While losing electrons, electrons are firstly broken from the highest energetic 
orbital at the outermost shell.  

Anion is formed when a neutral atom gains electrons. 

9F: 1s2 2s2 2p5 è 9F-1: 1s2 2s2 2p6 

7N: 1s2 2s2 2p3 è 7N-3: 1s2 2s2 2p6 

 

Question: Electron arrangement of an X ion with -2 charged is 1s22s22p63s23p6. 
So, what is the electron arrangement of that X with +3 charged state?  

 

 

 

 

Isoelectronic structures: 

The particles with the same electron number and the same electronic arrangement 
are isoelectronic. 

Example: 

8O-2: 1s2 2s2 2p6 

11Na+:1s2 2s2 2p6 

10Ne: 1s2 2s2 2p6 

 

20Ca: 1s2 2s2 2p6 3s2 3p6 4s2 

22Ti+2: 1s2 2s2 2p6 3s2 3p6 3d2 

 

Question: Which of the following particles are isoelectronic of each other? 

24Cr, 26Fe+2, 25Mn+1 

 

Not isoelectronics, although they have the 
same number of electrons. 

Isoelectronic particles 


