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SCH 2300: ATOMIC STRUCTURE & BONDING 

DATE: MARCH, 2015       TIME: �HOURS 

INSTRUCTIONS:  Answer question one and any other two questions. 

 

• Potential useful constants 

h= 6.626 x �����J.S                                       C= 3.00 x ���m/s 

NA = 6.022 x ����Mol    e =1.602 x	����	C 

Me = 9.109 x �����kg   
� = 8.854 X ������������ 

R = 1.097 X �������   � � �. ��� 

• Potential Conversions 

Lev = 1.06022 x ����	J 

1J = 1 kg �� ��� 

 

QUESTION ONE – (30 MARKS) 

a) What do you understand by the following; 

(i) Photoelectric effect        (1 Mark) 

(ii)  Compton’s effect        (1 Mark) 

(iii)Threshold frequency        (1 Mark) 
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(iv) Radial distribution function      (1 Mark) 

b) The workfunction for Tungsten is 4.52 ev.       
  

(i) What is the longest light wavelength (in meters) that can result in production of a 

photocurrent?        (3 Marks) 

(ii)  What is the maximum kinetic energy of emitted electron when light of wavelength ℷ 
= 200 nm is used to irradicate a piece of Tunsten?   (3 Marks) 

c) State de Broglie principle and hence or otherwise calculate the de Broglie wavelength of a 

n electron in an atom travelling at a speed of 2.2 x 10� m/s.   (4 Marks) 

d) (i)  Write down the general form of the Schrodinger equation.   (1 Mark) 

(ii)  Acceptable solutions to the wavefunctions which are physically possible must have 

certain boundary conditions. State these conditions.   (4 Marks) 

(iii) Sketch all the angular wave functions for 6p orbitals.   (3 Marks) 

 

e) For a diatomic molecule of oxygen (O2), we define the bond as lying along the Z-axis. 

(i) Which valence orbitals combine to form σ Mo’s in O2?be specific.(1 Mark) 

(ii)  Write the valence orbital occupancy for O2.   (2 Marks) 

f)   Why is the ionization energy of O less than that of N?    (3 Marks) 

g) (i)  Define the term black body.       (1 Mark) 

(ii) Why does black body appear black at room temperature?   (2 Marks) 

QUESTION TWO – (15 MARKS) 

a) A beam of x-rays with wavelength 0.2400nm is directed towards a sample. The x-rays 
scatter from the electrons within the sample, imparting momentum to the electrons which 
are initially at rest in the lab frame. After scattering , the x-rays are detected at various 
angles relative to the direction of the incoming beam using a detector that can resolve their 
wavelengths. 

(i) What is the longest wavelength measured by the detector?  (4 Marks) 

(ii)  At what scattering angle does this occur?    (1 Mark) 

(iii)For this scattering angle what is the kinetic energy of the recoiling electrons? 

(3 Marks) 

(iv) If the detector measures a wavelength for the scattered x-rays of 0.212nm . What is 

the x-ray scattering angle?      (2Marks) 
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b) Consider the atom Ti (Z=22). 
(i) Give the ground state electronic configurations for Ti, Ti+ and Ti 4+(3 Marks) 

 
(ii)  For Ti+ only, give the quantum number n,l,M1 and S for each valence electron 

(note M1 can be any reasonable value)     (2 Marks) 
 
(iii)  For Ti only, draw the orbitals in which the valence electron reside using spherical 

coordinate to indicate any angular nodes.    (1 Mark) 
 
(iv) Give the number of radial nodes and sketch the radial distribution function for each 

orbital in (iii) above .       (4 Marks) 
 

QUESTION THREE (20 MARKS) 

a)   Distinguish between valence bond theory (VBT) and molecular orbital theory (MOT) 
2 Marks) 

b) (i)   Draw the molecular orbital energy diagram for F2 molecule. Label all of the orbitals 

specifically         (3 Marks) 

(ii)    Give the molecular electron configuration for the molecule (F2)  (2 Marks) 

(iii)  Determine the bond order for the molecule (F2)    (2 Marks) 

(iv) Indicate whether the species is paramagnetic or diamagnetic.   (2 Marks) 

(v) How many electrons must be added to F2 to reduce the bond order to zero? If this number 

of electrons is added what product(s) will be formed?    (2 Marks) 

c) The bond dissociation enthalpies for N2 and	��
�  are 945 KJ/mol and 765KJ/mol 

respectively. Using an argument based on MO theory explain why ��
�  has a smaller bond 

dissociation energy than ��         (4 Marks) 

d) Determine the hybridization for the central atom in BeF2 molecule.  (2 Marks) 

e) On basis of the hybridization scheme, determine the geometry of BeF2 (1 Mark) 

QUESTION FOUR (20 MARKS) 

a) State the three Bohr’s postulates.      (3 Marks) 

b) The centrifugal force of an electron of mass M, moving with a velocity ,V given by ; 
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���

�  while its coulombic attraction force is given by		 � �
!"#$%�

 where e is change on the 

electron, Z is change on the nucleus , r is a bohr radius and &' is the vacuum permitivity. 

(i) Show that the Bohr radius is given by r = 
#$(�)�
"�*�

			   (4 Marks) 

(ii)  For hydrogen atom Z= 1, calculate the radius of an orbit , n= 1 (2 Marks) 

(iii)  Given that the kinetic energy of an electron in a certain orbit is E = - ½+,� 

show that ∆E = 
�. /�
0#'�	)� 1

2
(�3 	−

2
(�5     (4 Marks) 

(iv) How is equation ∆E = 
6� /�
0#'�	)�  1

2
(�3 	−

2
(�75 where R = Ryderberg constant for 

hydrogenic atom.       (3 Marks) 

(v) The line of longest wavelength in the lyman series (82 = 1) is the one with 8� = 2 

Calculate: 

 Its wave number and wavelength.     (4 Marks) 


