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Question One 

a) Give an explanation for each of the following: 

i) The Bohr theory applies to Be3+ but not to Be2+. 	 (1) 

ii) A wave function f1= 'J1 has the same physical significance as its negative f2 = -'J1. 
(1) 

iii) 	 The 4s orbital in a Cu atom is lar~er (i.e. occupies more space) and lies at higher 
energy than the 4s orbital in a Cu + ion. (3) 

b) 	 Consider a diatomic molecule, VN, of vanadium nitride. Taking the z axis as the internuclear 
axis, sketch molecular orbitals described below, arising from overlap ofatomic orbitals on 
vanadium with those on nitrogen. [The electronic configuration ofa vanadium atom is 
[Ar]3d34s1, while that ofnitrogen is [He]2s12p3]. 

i) /A bonding sigma (a) molecular orbital (mo) from the overlap ofa p orbital on 
vanadium with a suitable atomic orbital on nitrogen. 

(2) 

ii) 	 A bonding sigma mo arising from overlapping of a d orbital on vanadium with 
a suitable atomic otbital on nitrogen. (2) 

iii) 	 Two pi (or 1t) mo's, one bonding and another anti-bonding, both arising from overlap 
of a d orbital on vanadium with a suitable atomic orbital on nitrogen. 

(4) 

c) 	 Describe how BF3 remedies its electron deficiency through delocalized 1t bonding 
(7) 

d) 	 Give reasons why compounds of Li are more covalent than those ofthe rest of group I 
elements. (5) 

Question Two 

a) 	 Consider the 4f series ofelements (in the periodic table) whose lightest member has 
Z=58 and contains one electron in the 4fsub-shell; the heaviest member of the series 
has a full 4f subshell. Use the above information to answer the questions that follow. 

i) 	 Give the electron configuration of the lightest member of the series. [Use the 
rare gas notation for the inner electrons]. 

ii) 	 How many elements will be there in the series? Explain briefly. 

iii) 	 Give the electronic configuration(s) of the atom(s) with maximum number of 
unpaired electrons. 

(9) 
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b) A selenium atom has the electronic configuration [Ar]3dl04s24p4. Calculate the 
effective nuclear charge for an electron 

i) in a 4p orbital of Se 

ii) in a 3d orbital of Se 
(10) 

c) 	 The angular function ofa certain orbital is approximately given by A(e,~)=sin~sine. 
In the xy plane e 90°, so that the function is reduced to a simpler orbital function 

A(9, 4» 	 = sin4> 

Deduce the orientation of the orbital in the xy plane and sketch the corresponding 
orbital diagram. Indicate the presence of angular nodes, if any. 

(6) 

Question Three. 

a) 	 Using valence orbitals only (and neglecting 3d orbitals), draw a molecular orbital energy level 
diagram ofthe molecule, A~ where B is more electronegative than A, and each atom has 3s 
and 3p orbitals as its valence orbitals. Use the diagram to answer the associated questions that 
follow below. Note: Si, P, S and Cl have 3s and 3p as their valence subshells. (6) 

i) 	 Give the ground-state electron configurations and calculate the bond orders ofSiS, 
PS, and SCI. (9) 

ii) 	 Predict the order of increasing bond strength for the species in (i) above. 
(2) 

iii) 	 Figure out whether any of the species in (i) above are expected to be 
paramagnetic. (3) 

b) 	 Consider a molecule O=C=C=O. Use suitable orbital diagrams to illustrate how 
suitable atomic orbitals overlap to form 1t molecular orbitals. Draw two diagrams, one 
corresponding to bonding interactions and another corresponding to anti-bonding 
interactions. (5) 

Question Four 

a) Suggest explanations for the following: 

i) 	 The group 2 elements are smaller than the corresponding group 1 elements. 
(3 ) 

ii) M4 
+ ions are difficult to form for group 13 elements. (3 ) 

iii) 	 Lt (O.76A) and Mi+ (o.72A) have similar ionic radii and react with dinitrogen, N2, in a 
similar manner. (4) 
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iv) 	 Be(OH)2 is amphoteric whereas Ba(OH)2 is basic. 
(5) 

v) 	 When an aqueous solution ofKCN is added to a solution of Ah(S04)3, a precipitate of 
AI(OH)3 forms. 

(4) 
vi) 	 (SiH3)3N exhibits 1t bonding whereas (CH3)3N does not. Use appropriate resonance 

structures to illustrate your answer. 
(6) 

Question Five 

a) 	 Predict the structure ofeach ofthe molecules given below. In each case, give the 
hybridization ofthe central atom. 

i) [IF6t 

ii) BrFs 


(6) 

b) 	 The p,.. - d,.. bond between Sand 0 is stronger than Si and o. Why? (4) 

c) 	 Describe the bonding in Ga2~ and Ga2Cl6 both ofwhich have structures that contain two 
bridging atoms (8) 

d) 	 Write equations for the following processes involved in the extraction ofthe elements from 
their ores (or minerals): 

i) 	 Reduction ofboron oxide by Mg 

ii) 	 The result ofadding hot aqueous NaOH to a mixture of solid Ah03 and Fe203 

iii) The reaction of CO2with Na[AI(OH)4]. 

(7) 
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Question Six 

a) 	 Write the Born-Haber cycle for the formation ofCaF2(s) from the elements in their standard 
states. Given the following information, calculate the lattice energy. 

Enthalpy of sublimation..................................... +172 kJmor l 

Ionization energy of Ca(g) to Ca2+(g).................... +1640 " 

Enthalpy of dissociation ofF2(g) to 2F(g) ............ . +165 " 

Electron affinity ofF(g) to F(g)............ ............. -328" 

Enthalpy of formation (L~.Ht) ofCaF2(s)................ +1200 " 

(11) 

b) Complete and balance the equation for each of the following: 

i) CsF + IF7 -+ 

ii) Reaction involved in extraction ofBr2 from brine solution 
'" 

iii) The reaction of P4010 with water 

(14) 
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Useful relations 

At 298.15 K, RT = 2.4190 IJ mol-I and RTjF:= 25.693 mV 

1 atm == 101.325 kPa = 160 Torr (exactly) 

1 bar == lOS Pa 

1 eV ::; 1.602 ]8 x 10-19 J =96.485 kJ mol-I = 8065.5 em-I 

1 em-I = 1.986 x 10-23 J = 11.96 J 1001-1 := 0.1240 meV 

1 cal = 4.184 J [exactly) 

1 D (debye) = 3.335 64 x 10-30 C m 

IT=Hfo 

1A(angstrom) := 100 pm 

I M:= 1 mol dm-3 

General data and fundamental constants 

Quantity Symbol Valu~ 

Speed of light c 2.997 925)( lOS m 5- 1
'It' 

Elementary charge e "- 1.602 177 x 10- 111 C*' Faraday constant F=eNA 9.6485 x 10" C mol-I 

Boltzmann constant k 1.38066 x 10-23 J K- 1 

8.6114)( 10-5 eV K-1 .. Gas constant R=kNA 8.31451 J K-I mol-I 
8.20518 x 1O-~ dml ann K- 1 mal-I .. Planck constant II 6.626 08 x 10-34 J S 

h =11/21£ U)S4 57 x 10-34 J S 

"# AlIOgadro constant NA 6.022 14 x tOn mol-I 

Atomic mass unit u 1.660 54 x 10-77 kg

'* Mass of electron m. 9.109 39 x 10-31 kg 

)/:- Vacuum ~rmittivity 8.8.5419 x 10-12 r l C2 m-I
So 
41£So 1.11265 x 10-10 J::I CZ m-1 

Bohr magneton I-'s = eli 12m. 9.27402)( 10-2• J T- 1 

• Bohr radius ao =47ttoh2 /m.'; .5.29117 x 10- 11 m 


~Rydberg constant RCD =m.e4/8h3c~ 1.09131x 10' em-I =,.oq73)Xlo7 ",.-' 


Prefixes 

f p n m c d k M G 

femto piea nana micro milli centi deci 
10-15 JO-l~ 10-9 10-6 10-3 10-2 10-1 
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UNIVERSITY OF SWAZILAND 
CHEMISTRY DEPARTMENT 

Compiled by Dr. N D Silavwe 

Slater's Rules: 

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

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

2) Any eledrons to the right of the electron of interest contributes no shielding. 
(Approximately 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) If the eledron of interest is an s orp electron: All electrons with one less value of 
the principal quantum number shield to an extent of 0.85 units of nuclear charge. 
All eledrons with two less values of the principal quantum number shield to an 
extent of 1.00 units. 

5) If the electron of interest is an d orI eledron: All eledrons 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 from the nuclear 
charge value to obtain the effective nuclear chatge. 


