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INSTRUCTIONS: Answer questions one and any other two questions  

Potential Useful Data 

h = 6.626 x  𝟏𝟎 ―𝟑𝟒𝑱.𝒔 , 𝑪 = 𝟑.𝟎𝟎 𝒙 𝟏𝟎𝟖𝒎/𝒔

NA= 6.022 x mol; e = 1.602 x C 𝟏𝟎𝟐𝟑 𝟏𝟎 ―𝟏𝟗

Me = 9.109 x  ;   𝟏𝟎 ―𝟑𝟏𝒌𝒈 𝜺𝟎 = 𝟖.𝟖𝟓𝟒 𝒙 𝟏𝟎 ―𝟏𝟐𝑱 ―𝟏𝑪𝟐 𝑴 ―𝟏

R= 1.097 x ;  𝟏𝟎𝟓𝒄𝒎 ―𝟏  𝝅 = 𝟑.𝟏𝟒𝟐

1ev = 1.6022 x  𝟏𝟎 ―𝟏𝟗𝑱 ;𝟏 𝑱 = 𝟏𝒌𝒈𝒎𝟐𝑺 ―𝟐

1HZ =  𝟏𝑺 ―𝟏

 

QUESTION ONE - (30 MARKS)  

a) Define each of the following terms; 
(i) Black body radiation.        (1 Mark) 

(ii) Wave-particle duality        (1 Mark) 

(iii) Threshold frequency        (1 Mark) 

(iv)  Covalent bond        (1 Mark) 

http://www.must.ac.ke/
mailto:info@must.ac.ke


Meru University of Science & Technology is ISO 9001:2015 Certified 
                                                                 Foundation of Innovations Page 2 
 

b) What is the difference between photo electric effect and compton’s effect. (2 Marks) 

c) Explain why; 

(i)  Light passes through glass while it is reflected by a metal surface. (3 Marks) 

(ii) Iron(II) ion is more stable than iron (I) ion.    (3 Marks) 

d) State Heinsenberg’s uncertainty.      (2 Marks) 

e) (i)   What is wavelength of yellow light of frequency 5.26 x Hz. (2 Marks) 1014

 

(ii)  Calculate the energy in joules of the light in (i) above.   (2 Marks) 

f) The three quantum numbers for an electron in a hydrogen atom in an excited state are  

n = 5, l = 2 and ml = 0. In what type of orbital is the electron located? (2 Marks) 

g) The first shell may contain two electrons, the second shell up to eight , the third shell up to 

eighteen electrons. Explain this arrangement in terms of quantum numbers. (3 Marks) 

h) Calculate the wavelength of a photon emitted by a hydrogen atom when an electron makes 

a transition from an orbital n = 3 to one with n = 2.    (4 Marks) 

QUESTION TWO (20 MARKS) 

a) For a diatomic molecule of Nitrogen (N2), we define the bond as lying along the Z-axis. 

(i) Draw the valence molecular orbital diagram for N2 include labels for the molecular 

orbital.         (3 Marks) 

(ii) Which valence orbitals combine to form  molecular orbitals in N2? Be specific. 𝜎

(1 Mark) 

(iii)  Which valence orbital combine to form II molecular orbitals in N2? Be specific 

(1 Mark) 

(iv)  Is N2 diamagnetic or paramagnetic?     (2 Marks) 

(v) What is the net  bond order for this molecule?   (2 Marks) 𝜎

(vi) What is the net  bond order for this molecule?   (2 Marks) 𝜋

(vii) How many electrons must be added to N2 to reduce the bond order to zero? If this 

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

b) (i)   Define radial node.        (2 Marks) 
 
(ii)  How many radial nodes are in 3d?      (2 Marks) 
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(iii) Draw a well labeled radial distribution function for; 
I. 3S         (2 Marks) 

II. 5d         (2 Marks) 

QUESTION THREE (20 MARKS) 

a) The principles and rule below governs the electron configuration of atoms. State each one 
of them. 

(i) Pauli’s exclusion principle.      (2 Marks) 

(ii) Aufbau’s principle       (2 Marks) 

(iii) Hund’s rule        (2 Marks) 

b) In terms of S, P, d and f write the ground state electron configurations of ; 
(i)  Cr         (Z = 24)       (2 Marks) 

(ii) Ni2+          (Z = 28)       (2 Marks) 

(iii) Cu         (Z = 29)       (2 Marks) 

(iv) Mo4+     (Z = 42)       (2 Marks) 

c) Why do ionic compounds usually have high melting point whilst most simple covalent 

compounds have low melting points.      (3 Marks) 

d) Name three common crystal adopted by metals.    (3 Marks) 

QUESTION FOUR (20 MARKS) 

a) In studying a solid material for possible use solar cell, material engineers shines 

monochromatic blue light (  = 420 nm) to produce photoelectrons. They measured the 𝜆

maximum kinetic energy of the emitted electrons to be  x  1.00 10 -19𝐽.

(i) Predict what will happen when the engineers test the material with red light (  = 𝜆

700 nm)         (3 Marks) 

 

(ii) Will light dislodge electrons from the material? If so how much is kinetic energy of 

the photoelectron.       (4 Marks) 

b) An x-ray photon with a wavelength of 9.73 x m scatter off electrons at an angle of 1011

300. 

(i) What is the change in wavelength for the photons?   (3 Marks) 

(ii) What is the wavelength of the scattered photon?   (2 Marks) 
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(iii) What is the kinetic energy of the electron as it recoils?  (3 Marks) 

c) If  an electron is considered as a wave which moves in only one dimension the second 

derivative of the wave function. 

 2

2

2

2 4


 



dx
d

Using this information derive the schrodinger equation.   (5 Marks)


