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INSTRUCTIONS: 

 

• The paper consists of two sections. 

• Section A is compulsory. 

• Answer any two questions from section B. 

 

Required Data/Information 

• Mass of electron (m) = 9.1079x10-31 Kg, electronic charge (e-) =1.602x10-19 C 

• Rydberg’s constant (R) = 10 973 731.6 m-1
, Planck’s constant (h)=6.63x10

-34
Js 

• εo – permittivity of free space 8.854188x10-12C2s2Kg-1m-3 

• Z- nuclear charge 

• 1 eV = 1.6022 x 10-19 J. 
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SECTION A (30 MARKS) COMPULSARY 

QUESTION ONE 

a) Briefly describe the following; 

i. Rutherford’s atomic structure model                                                          (4 marks) 

ii. Photoelectric effect                                                                                     (2 marks) 

b) A sodium atom has 11 protons, 12 neutrons, and 11 electrons. What is the mass 

number of this atom?                                                                                              (2 marks) 

c) Which electromagnetic waves have the longest wavelengths and shortest frequencies?  

                                                                                                            (1 mark) 

d) Explain the two factors affecting maximum kinetic energy of photoelectrons      (6 marks) 

e) If a photon of wavelength 530 nm hits a metal surface (work  function is 3.45x10-19 J), 

calculate the velocity of the photoelectron produced                                             (4 marks) 

f) Calculate the energy of an electron in a hydrogen, n= 6 level                               (2 marks)                                       

g) List all the allowed combinations of the four quantum numbers (n, l, ml, ms) for a 

4d orbital, and predict the total number of electrons it can contain                       (5 marks) 

h) Write the electronic configuration for the following elements 

i. Potassium                                      (2 marks) 

ii. Magnesium                            (2 marks) 

 

SECTION B: ATTEMPT ANY TWO QUESTIONS (20 MARKS EACH) 

 

QUESTION TWO 

a) Define the following terms;  

i. Pfund series                                                                                                (2 marks) 

ii. Electromagnetic radiation                                                                           (2 marks) 

b) Show that Rydberg’s constant  (R) = 1.097x107m-1                                               (5 marks) 

c) Explain why elements produce their own characteristic colors when they emit photons      

                                                                                                                     (2 marks) 

d) An electron falls from energy level 6 to 1 in a hydrogen emission spectrum; 

i. Which series does it represent                                                                    (2 marks) 

ii. Calculate its corresponding wavelength and frequency                             (4 marks) 

e) One of the electron transitions in a hydrogen atom produces infrared light with a 

wavelength of 746.4 nm. What amount of energy causes this transition?             (3 marks) 
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QUESTION THREE 

a) Define the following terms and give a relevant example;  

i. Alkanes                                                                                                       (2 marks)  

ii. Polymerization                                                                                            (2 marks) 

b) Provide the IUPAC names for the following organic compounds                         (3 marks) 

i.  

ii.  

iii.  

c) Draw structural formulae for the following molecules:  

i. 4-ethyl-cis-2-hexene                                                                                     (1 mark) 

ii. ethylbenzene                              (1 mark) 

iii. meta-ethyltoluene                                                                                         (1 mark) 

iv. 3-phenylheptane                            (1 mark) 

d) Chlorine, bromine and iodine all react with alkenes such as ethane in an addition reaction 

i. Write the equation for the chlorination of ethene and name the product   (2 marks) 

ii. How does the vigour of the reaction change as you go from chlorine to bromine to 

iodine                                                                                                            (1 mark) 
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e) Complete the following reactions and indicate the major product in each case    (6 marks) 

 

 

CH3CH2CHCHCH3 + H2  

                            

 

QUESTION FOUR 

a) In Quantum mechanics, four quantum numbers are needed to characterize completely 

each electron in an atom. List and describe the four quantum numbers                (8 marks) 

b) Write the quantum numbers that represent the following electrons:                      (2 marks)  

i. 6p2  

ii.  3s2  

c) List all the allowed combinations of the four quantum numbers (n, l, ml, ms) for electrons 

in a 2p orbital and predict the maximum number of electrons the 2p subshell can 

accommodate.                                                                                                         (3 marks) 

d) Draw the 3dz
2

 orbital                                                                                    (2 marks) 

e) Use an orbital diagram to illustrate the aufbau principle, the Pauli exclusion principle, 

and Hund’s rule for each element                                               

i. Carbon                                                                                                        (3 marks) 

ii. Sulfur                                                                                                          (2 marks) 

 

QUESTION FIVE 

a) Define the following terms; 

i. Aufbaus principle                                                                                       (2 marks) 

ii. Hunds rule                                                                                                  (2 marks) 

b) According to the periodic table provided, arrange the following elements in order of the 

increasing atomic radius; rubidium, silver, aluminium and carbon. Explain your answer     

                                                                                                          (3 marks) 
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c) Study group 15 in the periodic table and indicate which element has the strongest metallic 

character. Explain your answer                                                                              (2 marks) 

d) Calculate the effective nuclear charge on a 2p electron in a Phosphorus (P) atom. Given 

that the number of neutrons and mass number of Pd is 15 and 31 respectively.    (3 marks)  

e) Periodic table is a chart in which elements having similar chemical and physical 

properties are arranged in groups.  

i. Elements Y (not its actual symbol) has atomic number 50. To which period and 

group does it belong? Show how you arrived at your answer.         (4 marks) 

ii. Draw and label energy level diagram for a multi-electron atom like Calcium   

                                                                                              (4 marks) 
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