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Question One 

a) Based on the Bohr model, the radius r n of an nth orbit is given by 

rn = -(eon2h2)/(rrmee
2Z) 

For each of the species H, U2 
+ and Be3

+, calculate 

i) 	 The radius of the smallest orbit 

ii) 	 The energy (in J) corresponding to the smallest orbit 

[12] 

b) Briefly explain why 4s, 4p, 4d, and 4f orbitals have the same energy in hydrogen
like atomic species, but have different energies in many-electron atomic species. 

[5] 

c) 	 Write ground state electron configurations for the follOwing species: 

i) Bi3+ 


ii) Te2

iii) Ag 

iv) Fe2+ 


[8] 

Question two 

a) 	Draw angular parts of any three orbitals corresponding to the subshell with n=4 

and 1=2. The diagrams should include nodal planes if present. 
[6 ] 

b) 	 Consider the species Sn and Sn2
+. 

i) 	 For each of the species, calculate the effective nuclear charge, leff, for a 
valence electron. 

ii) 	 Based on your calculation, which one of the two species is expected to have a 
higher ionization energy? Explain. 

[14] 
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c) 	 Rationalize the difference in boiling points between members of the following 
pairs of substances: . 

i) HF (20°C) and HCI (-85°C) 

ii) Ethylene glycol. HOCH2CH20H. (198°C) and. dimethoxyethane. 


H3COCH2CH20CH3. (83°C) 

[5] 

Question Three 

a) 	Consider an orbital function whose angular part is proportional to sin8sincp. 
Evaluate the function in the directions corresponding to the Cartesian coordinate 
axes and suggest the orientation of the angular part of the orbital. [Note: You are 
not required to sketch the shape of the orbitaij 

[10] 
b) 	For each of the following species. write the ground state electronic configuration 

and indicate which electrons/orbitals are core and which ones are valence. 

i) Fe ii) Te iii) Bi 	 [9] 

c) 	 In each of the following pairs. select the better choice. and briefly explain your 
choice: 

i) Higher IE: Ca or Ba 

ii) Higher IE1: Nor 0 

iii) Higher EA1: C or N 

iv) Larger ionic radius: In+ or In3+ 


[6] 
Question Four 

a) 	For each of the molecular species given below, draw the Lewis structure, and 
then determine the electron-domain geometry and molecular geometry. Finally. 
determine the hybridization of the central atom. 

i) IOFs (I is the central atom) 

ii) Xe03 (Xe is the central atom) 


[9] 
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b) Prepare a molecular orbital energy level diagram for the heteronuclear diatomic 
molecule NO. Use the diagram to answer questions that follow. 

i) NO+ and NO- are also known. Write electronic configurations of NO, 
NO+ and NO-. 

ii) For each of the three species, predict the bond order and magnetic 
properties 

iii) Which of the three would you expect to have the shortest bond? Why? 
[16] 

Question Five 

a) 	 Give structural formulas of the following species and indicate the coordination 
number(s) around central atom(s). 

i) 	 BeCI2 

iii) 	 [SiFst 

[8] 
b) 	 Write balanced reaction equations for the following: 

i) Reaction of GeCI4 with water 

ii) Reaction of SiF4 with H2S04 


. iii) Reaction of SiCI4 with NaOH 

[6] 

c) 	 Give an outline the Bom-Haber cycle for the formation of MgO(s) starting with 
constituent elements in their standard states. Then calculate the electron 
affinity of the oxygen atom in gaining two electrons to give the oxide 0 2-, from 
the following data: 

Standard enthalpy offormation of MgO(s) .............................. -600kJmor1 


Heat of sublimation of Mg(s) ................................................+150 kJmor1 


Ionization of Mg(g) to Mg2+(g) ..........................................+2170 kJmor1 


Dissociation energy of 02(g) ............................................. +494 kJmor1 


Lattice energy of MgO(s) .................................................-3860 kJmor' 

[11] 
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Question Six 

a) 	Indicate whether the following oxides are expected to be acidic, basic or 
amphoteric. Give a chemical equation or, if necessary, two chemical 
equations to illustrate each of your answers. 

[12] 
b) Give four commonly used products which contain group 1 metal ions. 

[4] 
c) Complete and balance the following reactions: 

i) Na + 02 + heat -+ 

ii) ca + H2-+ 

iii) Na202(S) + H20(1) -+ 

iv) Li(s) + N2 -+ 


[6] 

d) 	The manufacture of sodium metal (Na) involves electrolysis of molten 
sodium chloride. Give half reactions that take place at the anode and 
cathode. 

[3] 
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PERIODIC TABLE OF THE ELEMENTS 

GROUPS 
1 2 3 

PERIODS IA IIA IUB 

1.008 

1 

2 

3 

4 

85.488 

5 Rb 

6 

7 

• lanthanide series 

•• AcUnlde series 

Numbers below the symbol 01 the element indicates the atomic 
numbers. Atomic masses. above the symbol 01 the element. are 
based on the assigned relative atomic mass 01 tIC = exacUy 12; 
( ) indicates the mass number of the isotope with the longest 
hall·life. 

11 12 13 14. 15 I 16 17 18 

IB liB iliA IVA VA . I VIA VlIA VillA 

4.003 

He 

174.987 

SOURCE: International Union of Pure and Applied Chemistry. I. Mills, ed., Quamities. 
Units, and Symbols in Physical Chemistry, Blackwell Scientific Publications, Boslon, 1988, 
pp 86-98. 
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CONSTANTS 
 Speed of light in a vacuum 
Permittivity of a vacuum 

Planck constant 
Elementary charge 
Avogadro constant 
Boltzmann constant 
Gas constant 
Bohr radius 
Rydberg constant 

Bohr magneton 

Faraday constant 
Atomic mass unit 
Mass of the electron 

Mass of the proton 
Mass of the neutron 
Mass of the deuteron 
Mass of the triton 
Mass of the a-particle 

Co 
co 
41Tco 
h 

e 
NA 
k 
R 

ao 
Ru 

II RH 

J.i.B 
1T 

F 

mu 

me 

mp 
mn 

md 
mt 

ma 

2.99792458 x 108 m S-I 

8.854187816 x lQ-12 F m-I 

1.11264 x 10-10 c2 NI m-2 

6.6260755(40) x 10,34 J s 

1.60217733(49) x 10-19 C 
6,0221367(36) x 1023 marl 
1.380658(12) x 10-23 J K"I 

8.3i4510(70) J K"I marl 
5.29177249(24) x 10,11 m . 

1.0973731534(13) x 107 m'l 
(infinite nuclear mass) 
1.09677759(50) X 107 m:1 

(proton nuclear mass) 
9.2740154(31) x 10-24 J r-I 

3.14159265359 
9.6485309(29'jx 104Cmori 

1.6605402(10) x 10-27 kg 
9.1093897(54) x 10-31 'kg '. 
or 
5.48579903(13) x Ifr4 mu 
1.007276470(12) mu 

1.008664904(14) mu 

2.013553214(24) mu 

3.01550071(4) mu 
4.001506170(50) mu 

CONVERSION FAC10RS 

," '~') "~..... ,.,..._.. 
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To convert from units in the first column to units in columns 2 through 4, , 
mUltiply by the factor given. For example, I eV = 96.4853 kJ/mol. 

an-' eV kJ/mol kcaVmol 

an-1 1 1.239842 x 10-4 11.96266 X 10-3 2.85914 X 10-3 

eV 8065.54 1 96.4853 23.0605 

kJ/mol 83.5935 1.036427 x 10-2 1 0.239006 .:.\ 

kcaVmol 349.755 4.336411 x 10.2 4.184 1 \ 

SOURCE: lntematlonal Union of Pure and Applied Chemistry. I. Mills. ed •• QWl/llit; .... , Units, and Symbol4 
in ~ a.llmillry, Blackwell Scientific Publications. Boston. 1988. pp. 81-2, 85. inside back cover. 
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UNIVERSITY OF SWAZILAND 
CHEMISTRY DEPARTMENT 

Compiled by Dr. N D Silavwe 

Slater's Rules: 

1) Write the electron configuration for the atom using the following design; 

(ls)(2s,1p)(38,3p) (3d) (4s,4p) (4d) (4j) (Ss,5p) etc 

2) Ally electrons to the right of the electron of interest contributes no shielding. 
(Appro:rimately correct statement.) 

3) All other electrons in the same group as the electron of interest shield to an extent 
of 0.35 nuclear charge units 

4) H the electron of interest is an 8 orp electron: All electrons with one less value of 
the principal quantum number shield to an extent of0.85 units of nuclear charge. 
All electrons with two less values of the principal quantum number shield to an 
extent of 1.00 units. 

5) H the electron of interest is an d or!electron: All electrons to the left shield to an 
extent of 1.00 units of nuclear charge. 

6) Sum the shielding amounts from steps 2 through 5 and subtract froin the nuclear 
charge value to obtain the effective nuclear charge. 


