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Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

Bohr’s Theory of the Hydrogen Atom

• The journey from a lower step to a higher step 
is an energy-requiring process.

• Whereas movement from a higher step to a 
lower step is an energy releasing process.     
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Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

Bohr’s Theory of the Hydrogen Atom

• If nf > ni → (+ve) → ΔE (+ve) → Energy is absorbed 

• If ni > nf → (-ve) → ΔE (-ve) → Energy is emitted 
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Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

Bohr’s Theory of the Hydrogen Atom



Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

Bohr’s Theory of the Hydrogen Atom

Example: 

What is the wavelength of a photon (in nm) emitted during a transition from 
the ni = 5 state to the nf = 2 state in the hydrogen atom?

ni=5, nf = 2 , λ=?
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Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

The Dual Nature of the Electron 

• De Broglie suggested that particles such as electron can posses wave 
properties.  

• According to de Borglie, an electron bond to nucleus behave like a 
standing wave.  

• De Broglie deduced that the particle and wave

prosperities are related by the expression 

Where λ wavelenght of moving particle, m mass (kg),

u velocity of moving particle. 
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The Dual Nature of the Electron 

Example 

What is the de Broglie wavelength (in nm) associated with a 2.5 g Ping-Pong 
ball traveling at 15.6 m/s?

λ = ?, m= 2.5g = 2.5x10-3kg, u=15.6m/s

λ=1.7x10-31m = 1.7x10-22nm.
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Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

Quantum numbers

Example :

List the values of n, l and ml for orbitals in 4d subshell? What is the total 
number of orbital in 4d?

n= 4

for d l=2

ml = -2,-1,0,1,2

Number of orbital = 5
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Atomic Orbitals

Example 

What is the total number of orbitals associated with the principal quantum 
number n = 3 ?

n=3

l=0,1,2

1- ml = 0  ======> 1 orbital

2- ml = -1,0,1 =====> 3 orbital

2- ml= -2,-1,0,1,2 ======> 5 orbital 

Total number of orbital 9

Or (2x0 +1) + (2x1 +1) + (2x2 +1) =1 + 3 + 5 = 9

OR 

Number of orbital = n2 = 32 = 9
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Atomic Orbitals

• The four quantum number for specific electron can written as (n,l,ml,ms).

Example :

Write the four quantum numbers for an electron in a 3p orbital?

n=3 , l = 1, ml= -1,0,1 , ms= - ½ or ½ 

(3,1,-1,-1/2)

(3,1,0,-1/2)

(3,1,1,-1/2)

(3,1,-1,1/2)

(3,1,0,1/2)

(3,1,1,1/2)
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The Energies of Orbitals

1s

3s

4s

5s

6s

7s

2p

3p

4p

5p

6p

7p

3d

4d

5d

6d

4f

5f

2s

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

Order of orbitals (filling) in multi-electron atom

s sublevel 2 electrons
p sublevel  6 electrons
d sublevel            10 electrons
f sublevel             14 electrons

1
2 3

4
5

6

7

8
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Electron configuration

Electron configuration: is how the electrons are distributed among the 
various atomic orbitals in an atom.

1s1

principal quantum
number n

angular momentum
quantum number l

number of electrons
in the orbital or subshell
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Orbital diagram

The electron configuration can also represented by the orbital diagram

In the Orbital Diagram:

• Each box represents one orbital.

• Half-arrows represent the electrons.

• The direction of the arrow represents the spin of the electron.
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Orbital diagram

Example:

What is the electron configuration of Mg?

Mg atom has 12 electrons 

(from Periodic table (atomic number))

The Electron Configuration: 1s22s22p63s2

2 + 2 + 6 + 2 = 12 electrons

Orbital Diagram:

1s2 2s2 2p6       3s2

1s

3s

4s

5s

6s

7s

2p

3p

4p

5p

6p

7p

3d

4d

5d

6d

4f

5f

2s

1
2 3

4
5

6

7

8
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Orbital diagram

What is the electron configuration of K?

K atom has 19 electrons 

(from Periodic table (atomic number))

The Electron Configuration: 1s22s22p63s2 3p6 4s1

2 + 2 + 6 + 2 +6+1= 19 electrons

Orbital Diagram:

1s2 2s2 2p6                3s2                                3p6 4s1

1s

3s

4s

5s

6s

7s

2p

3p

4p

5p

6p

7p

3d

4d

5d

6d

4f

5f

2s

1
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4
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6

7
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Chapter Seven / Quantum Theory and the Electronic Structure of Atoms

Orbital diagram

What is the electron configuration of K+1?

Atomic number19

Electron 19 -1= 18

K atom has 18 electrons 

(from Periodic table (atomic number))

The Electron Configuration: 1s22s22p63s2 3p6

2 + 2 + 6 + 2 +6= 18 electrons

Orbital Diagram:

1s2 2s2 2p6                3s2                                3p6

1s

3s

4s

5s

6s

7s

2p

3p

4p

5p

6p

7p

3d

4d

5d

6d

4f

5f

2s

1
2 3

4
5

6
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Atomic Orbitals

Example

For Cl atom answer the following questions:

a) Write the electron configuration?

b) Draw the orbital diagram?

c) Write the electron configuration in short notation?

d) What are the possible quantum numbers for the last (outermost) electron 
in Cl?

Answer: 

a) Cl atom has 17 electrons 

(from Periodic table (atomic number))

The Electron Configuration: 1s2 2s2 2p6 3s2 3p5

2 + 2 + 6 + 2 + 5 = 17 electrons
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Atomic Orbitals

b) Draw the orbital diagram?

Orbital Diagram:

1s2 2s2 2p6 3s2           3p5

c) Short notation: [Ne] 3s2 3p5

d) n= 3

l= 1

ml= 0

ms= - ½ 
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Atomic Orbitals

Example

What is The electron configuration of 11Na ,12Mg ,16S  ?

• 11Na 1s2 2s2 2p6 3s1 (OR) [Ne] 3s1

• 12Mg  1s2 2s2 2p6 3s2 (OR) [Ne] 3s2

• 16S 1s2 2s2 2p6 3s2 3p4 (OR) [Ne] 3s2 3p4
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Atomic Orbitals

• Paramagnetic substance: is the element that contain net unpaired 
electrons in the outermost subshell and is attracted by a magnet.

e.g. 

• Diamagnetic substance: is the element that do not contain net unpaired 
electrons (all electrons are paired) in the outermost subshell and is 
repelled by a magnet.

e.g. 

Paramagnetic

unpaired electrons

2p

Diamagnetic

all electrons paired

2p
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Atomic Orbitals

Example 
19K

Electronic configuration: 1s2 2s2 2p6 3s2 3p6 4s1

Short notation:                [Ar] 4s1

Orbital diagram:

3s2 3p6 4s1

Net one unpaired electron →  Paramagnetic substance
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Atomic Orbitals

Example 
10Ne

Electronic configuration: 1s2 2s2 2p6

Orbital diagram:

1s2 2s2 2p4

All electrons are paired →  

Diamagnetic substance
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Atomic Orbitals

P

PD P P P P

D
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Atomic Orbitals

Example

What are the valence electrons of vanadium (V)?

23V: [Ar] 4s2 3d3

Example

What are the valence electrons of Gallium (Ga)?

31Ga: [Ar] 4s2 3d10 4p1

The valence electrons are 4s2 4p1
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Periodic Classification of the Elements

25
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امثلة مجلولة
Give a possible set of four quantum numbers {n, l, ml, ms } for the starred electron in the 

following diagram.  Select the values of ml by numbering from – l to + l from left to right.            

2p   *

a) n=1, l=1, ml = 1, ms = ½ b) n=2, l=2, ml = 1, ms = -½

c) n=2, l=1, ml = 0, ms = -½ d) n=2, l=1, ml = 2, ms = ½



An electron in the hydrogen atom makes a transition from an energy state of principal 

quantum numbers ni to the n = 2 state. If the photon emitted has a wavelength of 434 nm, 

what is the value of ni?

a) 3                     b) 4                            c) 5  d) 6



An electron in a certain atom is in the n = 2 quantum level. List all possible values of l, 

and ml, that it can have?

a) l = 0, ml = 0; l = 1, ml = –1, 0, 1; l = 2; ml = –2, –1, 0, 1, 2

b) l = 0, ml = 0; l = 1, ml = –1, 0, 1

c) l = 0, ml = –1, 0, 1

d) l = 1, ml = –1, 0, 1

The electron configuration of S is :

a) 1s2 2s2 2p6 3s2 3p6
4S

2 3d10 
4p

2

b) 1s2 2s2 2p6 3s2 3p4

c) b) 1s2 2s2 2p6 3s2 3p6

d) d) 1s2 2s2 2p6 3s2 3d6



Indicate which of the following sets of quantum numbers (n, l , ml , ms ) in an atom are 

unacceptable: (A) (1, 0, ½, ½); (B) (3, 0, 0, +½); (C) (2, 2, 1, +½); (D) (4, 3, –2, +½); (E) (3, 

2, 1, 1)?

a) (A) and (B) b) (B), (C) and (D) c) (A), (B), (C) and (E) d) (A), (C) and (E) 

Oxygen is ________ and has _____ unpaired electrons?

a) Paramagnetic ,0 b) Paramagnetic ,2 c) diamagnetic ,1 d) diamagnetic ,0

Electronic configuration: 1s2 2s2 2p4

Orbital diagram:

1s2 2s2 2p4



Which of the following elements is a representative element?

a) Li   b) Ni                 c) Ag                            d) Sc

A police officer is measuring traffic speed with radar operating at a frequency of 1.0 x 

109 Hz. What is the wavelength?

a) 3 x 1017 m                     b) 0.30 nm                    c) 3.30 m                  d) 0.30 m




c




An alpha particle of mass 6.645x10-27 kg has a velocity of 10.0% of the speed of light. 

What is its de Broglie wavelength (in m)?

a) 3.70 x 10-16 m b) 3.32 x 10-15 m c) 3.30 x 10-18 m d) 3.50 x 10-21 m

mu

h


ثم نستخدم القانون



Which of the following electron transitions would absorb the lowest energy by the hydrogen 

atom?

a) from n = 1 to n = 4 b) from n = 1 to n = 2 c) from n = 1 to n = 7 c) from n = 1 to n = 6
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Which of the following electron transitions would absorb the highest energy by the 

hydrogen atom?

a) from n = 1 to n = 2 b) from n = 1 to n = 5 c) from n = 1 to n = 7

c) from n = 1 to n = 3





Determine the total number of: s electrons in Si (Z = 14)?

a) 3                     b) 2                         c) 4                         d) 6

The outermost electron configuration 4s24p3 can be found in :

a) Se                   b) Kr                    c) As                        d) P

5هذا يعني ان العنصر يقع في المجموعه 5عدد الالكترونات في المستوى الاخير 

وهو 
As



Give a possible set of four quantum numbers {n, l, ml, ms } for the starred 

electron in the following diagram.  Select the values of ml by numbering from – l

to + l from left to right. 

2p 
*

a) n=2, l=1, ml = -1, ms = -½

b) n=2, l=1, ml = -3, ms = ½ 

c) n=3, l=1, ml = -1, ms = -½

d) n=3, l=0, ml = 0, ms = -½



A photon has a frequency of 6.0 X 104 Hz. Calculate the energy (in joules) of the photon 

with this frequency? 

a) 4.0 x 10–10 J

b) 6.6 x 10–15 J 

c) 4.0 x 10–29 J

d) 2.4 x 10–5 J




c




c
hE 

نوجد الطول الموجي من العلاقة الاولى ثم نعوض في العلاقة الثانية



What is the maximum number of electrons in an atom that can have the following 

quantum numbers:  n = 2, ms = +½ ?

a) 4                      b) 2                         c)1                        d) 3

n= 2

L= 0 , 1

ml= 0 , -1,0,+1

ms= 



Which of the following have the electron configuration [Ar]3d2

a) Ca            b) Zr                  c) Ti+2 d) Ca+2

If an electron in hydrogen atom drop from n=3 to n=2 the resulted emission spectrum 

will be classified as part of : 

a) Lyman series

b) Brackett series

c) Paschen series

d) Balmer series



Indicate which of the following values of ml would make this set of quantum number 

unacceptable ( n=2, l =1, ml = ___, ms = ½ ) 

a) ml = 2 b)  ml = 0 c) ml = -1 d) ml = 1

1. The following electron configuration violate

1s2 2s2 2p4

a) Bohr's equationc)
b) Aufbau principle 
c) d) Hund's rule.

b) the Pauli exclusion principle



What process will be observed in a hydrogen atom when its electron drops from 

the n = 6 state to the n = 2 state.

d) A photon with energy 3.03x10-19 J will be 

absorbed.

b) A photon with energy 3.03x10-19 J will be 

emitted.

c) A photon with energy 4.84x10-19 J will be 

absorbed.

a) A photon with energy 4.84x10-19 J will be 

emitted



Consider the element with the electron configuration [Kr]5s24d105p5. This element is

a) an alkali metal

b) a representative element.

c) transition metal 

d) nobel gases



The electron configuration of a neutral atom is [Ne] 3s23p1. The four quantum 

numbers of the last electron are:

a) (2, 1, -1, +1/2)

b) (3, 3, -1 , +1/2)

c) (3, 0, -1, +1/2)

d) (3, 1, -1, +1/2 )

3s2 3p1

n=3
L=1
ml= -1,0,1
ms= +1/2

ml= -1 0 +1



How many unpaired electrons does chromium (Cr) have?

a) 0

b) 2

c) 4

d) 6



What is the maximum number of orbitals described by the quantum numbers: n = 3 

l = 2.

a) 1

b) 3

c) 5

d) 9
اذا اعطينا في السؤال قيمة 

n,l 
استخدم العلاقة 
2l+1



What is the maximum number of orbitals described by the quantum numbers: n = 4.

a) 7

b) 14

c) 16

d) 48

اذا اعطينا في السؤال قيمة 
n
فقط

استخدم العلاقة 
Number of orbitals = 

The maximum number of electrons that can occupy an energy level described by the 

principal quantum number, n, is:

a) n + 1

b) 2n

c) 2n2

d) n2



A possible set of quantum numbers for the last electron added to complete an atom of 

sodium Na in its ground state is:

a) n = 3 , l = 1 , ml = 0 , ms = ½

b) n = 3 , l = 0 , ml = 0 , ms = ½

c) n = 2 , l = 1 , ml = -1 , ms = ½

d) n = 2 , l = 0 , ml = -1 , ms = ½

ms=+1/2



Which one of the following sets of quantum numbers is not possible?

a) Row 1

b) Row 2

c) Row 3

d) Row 4



The outermost electron configuration 4s24p4 can be found in :

a) Se                         b)Kr                      c) As                             d) p

Rank the following five atomic species in order of increasing atomic radius (smallest to 

largest): Ge, Sr, Ca, Cl, S

a) Ca, Sr, Ge, S, Cl b) Cl, S, Ge, Sr, Ca c) Sr, Ca, Ge, S, Cl d) Cl, S, Ge, Ca, Sr

The Ca2+ ion is isoelectronic with which neutral atom?

a) Si                     b)Na  c) Ne                         d) Ar



Which atom of the following has the lowest first ionization energy?

a) N                  b) F                         c) Na d) Li

Which of these elements has the greatest attraction for electrons in a covalent bond?

a) S                     b) Cl                  c) Ar                        d) P

The ion not having Octet configuration in the outermost shell is _____.

a) V3+
b) O2- c) Sr2+ d) Na+ 







































How many lone pair around nitrogen atom in NO2
-1 ?

a) 3 c) 1b) 0 d) 2


