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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 .\jI has the same physical significance as its negative f2 -\jI. 

(2) 
iii) The ionization energy of a Cu atom is smaller than that of a Cu2

+ ion. (2) 

b) 	 Consider a diatomic molecule, PN, ofphosphorus nitride. Taking the z axis as the internuclear 
axis, sketch molecular orbitals described below, arising from overlap of atomic orbitals on 
phosphorus with those on nitrogen. [The electronic configuration of a phosphorus atom is 
[Ne]3s23p3, while that of nitrogen is [He]2s22p3]. 

i) 	 A bonding sigma (0) molecular orbital (rno) from the overlap of an s orbital on 

phosphorus with an s orbital on nitrogen. 

(2) 

ii) 	 A bonding sigma mo arising from overlapping of a p orbital on phosphorus 
with a suitable p atomic orbital 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 phosphorus with a suitable p atomic orbital on nitrogen. 

"';;; 	 (4) 

c) 	 Describe how BeCl2remedies its electron deficiency through polymerization 
(7) 

d) 	 Give reasons why compounds of Li are more covalent than those of the rest ofgroup 1 
elements. (5) 

Question Two 

a) 	 Consider the 4f series of elements (in the periodic table) whose lightest member has 
Z=58 and contains one electron in the 4f sub-shell; the heaviest member ofthe series 
has a fu1l4f 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) 	 Sketch the angular functions corresponding to the following orbitals: 


i) 3<iz2 ii) 3dxz 

(6) 

Question Three. 

a) 	 Using valence orbitals only (and neglecting 3d orbitals), draw a molecular orbital energy level 
diagram of the molecule, A2, where each atom, A, has 3s and 3p orbitals as its valence 
orbitals. Use the diagram to answer the associated questions that follow below. (6) 

i) 	 Give the ground-state electron configurations and calculate the bond orders of S2, P2, 
and Ch. ,. (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 H2C=CH2i Use a suitable orbital diagram to illustrate how 
suitable atomic orbitals overlap to form a 7t (Pi) bond. Draw two orbital diagrams, 
one corresponding to a bonding interaction and another corresponding to an anti-
bonding interaction. (5) 

Question Four 

a) Suggest explanations for the following: 


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

(3 ) 

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

iii) Lt (O.76A) and Mg2 
+ (o.nA) have similar ionic radii and react with dinitrogen, N2, in a 

similar manner. (4) 

iv) Be(OH)2 is amphoteric whereas Ba(OH)2 is basic. (5) 

v) When an aqueous solution ofNaOH is added to a solution ofAICh, a precipitate appears 
which dissolves in excess base. (4) 

vi) The molecule PCb is known and is stable whereas the molecule NCl5 is not known. 
(6) 
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Question Five 

a) Draw the Lewis structure of each ofthe molecules given below. In each case, give the 
hybridization ofthe central atom. (12) 

i) [IF6t 
ii) BrF5 

b) The Plr-Plr bond between C and 0 is stronger than Si and O. Why? (3) 

c) Describe the bonding in B2H6 and AhCl6 both of which have structures that contain two 
bridging atoms • (10) 

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 of F2(g) to 2F(g)............ . +165 

-. '': Electron affinity of F(g) to F(g).... .. ... ............ .... -328" 

Enthalpyofformation(.L~HnofCaF2(s) ................ +1200 " 

(11) 

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

i) CsF + IF?­

ii) Reaction involved in extraction ofBr2 from brine solution 

iii) The reaction OfP4010 with water 

(14) 
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PHYSICAL CONSTANTS 

,..' 

"r • I .• 

Speed of light iIi avacuum 
Permittivity of a vacuum 

Planck constant 

Elementary charge . 

Avogadro constant 

Boltzmann constant 

Gas constant 

Bohr raditts 


. 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 

eo 

4ITfo 

h 
e 

NA 
k 
R 

Clo 
Re.· 

V.RH 

Ils 
IT 

F ,. 
mu 
me 

·m p 

17In 

md 
m t 

. ma 

2.99792458 x .108 ~ ~'I . 

8.854187816 X 10-11 Em-I 
1.11264 X 10-10 c2 N- t m-2 

6.6260755(40) X 10-34, J s 
1.60217733(49) X 10-19 C 
6.0221367(36)~x 1()2~ mor l 

1.380658(12) ~ W~ j Kl 
8.314510(70) J K-I rilor l . 

5.29177249(24) X 10:11 In 

1.0973731534(13) x id7m- l . 

(infinite nuclear m~s) : 
1.096777 ..: X lOf b:l 

, 

9.2740;154(31) ·x..fO-7~ ~ Tl 
3.14159265359' . 

9.6485309(29)x104drrior l . 

1.6605~02(10) :x: 10-27 kg 
9.1093S97(54) x 1O-3i kg 
or , . 
5.48579903(l3)x 10:"111'0 ' 
1.007276470(12) mu ' 
1.008~4904(14) mil 
2.013553214(24) mu 
3.01550071(4)i,zu· . 
4.001506170(50) mIL ! : 



Slater's Rules: 

1) Write the correct electron configuration for the atom and organize the orbitals into 
groupings as follows: 

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

2) Any electrons to the right of the electron of interest contributes zero to shielding. 

3) All other electrons in the same grouping (or same principal quantum number, n) as the 
electron of interest shield to an extent of 0.35 nuclear charge units 

4) If the electron of interest is an s or p electron: 

All electrons with one less value (n-l)of the principal quantum number shield to an 
extent of0.85 units ofnuclear charge. All electrons with t'WQ less values (n-2) of the 
principal quantum number shield to an extent ofl.00 units. 

5) If the electron of interest is an d orf electron: 

All electrons to the left shield to an extent of1.00 units ofnuclear charge. 

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

where 

Zeff = effective nuclear charge 

Z = atomic number 

S = shilelding constant 
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PERIODIC TABLE OF THE ELEMENTS 

GROUPS 
2 3 4 5· 

IIA IIIB IVB VB 

1 

2 

3 

4 
-
5 

6 

7 . 

• lanthanide series 

•• Actinide series 

Numbers below the symbol of !he element Indicates the atomic 
numbers. Atomic masses, above !he symbol of the element, are 
based on the assigned relative atomic mass of "e ~ exactly 12; 
( ) indicates the mass number of the isotope with the tongest 
hall·llfe. 
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VIB 

7 

VIIB 

(260) 

Lr 

8 11 1410 12 13 161 t5 17 

IB iliA IVAVIII liB VA VIA VilAPERIODS I IA 

18 
VillA 

SOURCE: International Umon of Pure and Applled Chemistry, L MiDs, ed., Quantities. 
Units. and Symbols in Physical Chemistry, Blackwell Scientific Publications, Boston, 1988, 
pp86-98. 


