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a)

b)

Question One

For an electron in the nth shell of a hydrogen-like atomic species, its energy is given by
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1) Define each of the parameters in the expression

11) Derive the expression for the change in energy when such a species
decays from an an excited state having principal quantum number
n =n,; to a lower state having n = n,.

iii) Derive the expression for the wave number corresponding to the
emitted radiation in ii) above.
[6 mks]

An atom is observed to emit radiation at 100 nm, 125 nm and 500 nm. Theoretical
considerations indicate that there are only two excited states involved.

1) With the help of a suitable energy level diagram, explain why the three lines are
observed.

1) How far above the ground state is the energy (in J) of the highest state?

[9 mks]

Write the ground state electron configuration, and determine the number of unpaired
electrons, for each of the following species:

i) Bi
ii) Te*
iii) Ag
iv) Fe**
[10 mks]



Question two

a) Draw angular parts of any three of orbitals corresponding to n =4 and £ = 2. The
diagrams should include nodal planes if present.
[9 mks]

. . e, +
b) Consider a zinc atom, Zn, and its ion] Zn .

i) For each of the species, calculate the effective nuclear charge, Z.g, for an electron in
the 4s orbital.

ii) Based on your calculation, which one of the two species is expected to have a higher
ionization energy? Explain.
[10 mks]
¢) Rationalize the difference in boiling points between members of the following pairs of
substances:

i) HF (20 °C) and HCI (-85 °C)

i) Ethylene glycol, HOCH,CH,OH, (198 °C) and ethylene glycol dimethy] ether,
CH;0CH,CH,0CHj, (83 °C) [6 mks]

Question Three

a) For the 7f set of orbitals, determine the number of radial nodes and sketch the radial
distribution function. [4 mks]

b) Consider the following observed trends:

Compound Interionic distance, d (pm) | Lattice Energy, AH;,
(kJmol ™)

LiF 201 -1004

CsCl 395 1 -527

MgO 210 -3933

Briefly explain the changes in AH; upon moving from LiF to
1) CsCl

i) MgO [6 mks]



c)

d)

a)

b)

Sketch the Born-Haber cycle for the formation of Cal,(s) from constituent elements and
calculate the lattice energy from the following data:

Standard enthalpy of formation of Caly(s) ................c..o....... =535 kJmol™
Heat of sublimation of Ca(s) ... ... ......cccoeoveueeveerecene e nonnn. 7193 kJmol™
Tonization of Ca(g) t0 Ca?*(g) .......c.oceveeveeeeeee e e ¥ 1725 KJmol™
Heat of sublimation of Iy ............ 5 coocco o, 162 kJmol™
Dissociation energy of 1a(g).............ccoooovevee e eneve e e een e .. +149 kJmol™
Electron affinity of I(g) ............eeoveecee oo eeeeeee e eeene e .. =308 kJmol™
[10 mks]

Consider the oxides SnO, and Cu,O. For each of the oxides,

1) Determine the oxidation number of the metal ion
i1) Write the electron configuration of the metal ion. [S mks]

Question Four

For each of the molecular species given below, draw the Lewis structure, and then
determine the overall geometry and molecular shape. Finally, determine the
hybridization of the central atom.

1) IFs (Iodine is the central atom)
11) XeO,F, (Xenon is the central atom) [9 mks]
Consider the molecule, SO;, which is obtained by oxidizing sulphur.

1) Write three non-equivalent Lewis structures for the molecule.
i1) Use formal charges to suggest the Lewis structure of lowest energy
[8 mks]

¢) Niobium oxide crystallizes in the sodium chloride system.

1) Sketch the unit cell
i1) How many niobium atoms and how many oxygen atoms belong to the unit cell?
iii) Calculate the mass of a unit cell of the compound.

[8 mks]



Question Five

a) Consider carbon monoxide, CO, which is isoelectronic with N,. Experimentally, it is
found that the highest energy electrons reside in a 6-type MO.

b)

i)

if)

iii)

Draw an energy level diagram for CO. Write the electron configuration for
the molecule and calculate’the bond order.

Would you expect the 7z, MO’s to have equal atomic orbital contributions
from C and O atoms? If not, which atom is expected to have greater
contribution? Explain.

Sketch orbital diagrams showing how pi-type p orbitals overlap to give
bonding (7r2p) and anti-bonding (11;;p } MO’s. [Note that an energy level

diagram is NOT required here).

Use the energy level diagram you have drawn for CO in i) above to write the
electronic configuration for the diatomic molecule NO. Calculate the bond
order for NO.

.

State which one, of the two molecules, is expected to
% have a stronger bond
¢ be paramagnetic .

% have a lower first ionization energy.

[20 mks]

Structural formulas of cytosine and guanine are given below. Show how the two
molecules may interact with each other giving rise to three hydrogen bonds at the
same time. Indicate the location of partial charges (§' and ") on the atoms
participating in hydrogen bonding. [S mks]

' =~
NH, N="NH



Question Six

a) Explain the fact that the highest fluoride compound for nitrogen is NF; whereas
phosphorous readily forms PFs.
[4 mks])
b) Give reasons why hydrogen might be placed in group 1 or group 17 of the
periodic table. ‘

[6 mks]
c) Complete and balance the following reactions:
i) BeO + OH'(aq) + H,O(¥) —
11) MggNz(S) + HzO(-e) i
iii) CaHy(s) + H,O(£) —
iv) AlLOs(s) + H,SO4(aq) —
[8 mks}

d) Predict whether each of the following is acdic, basic, amphoteric or neutral. Give
a brief explanation for your answer.
1) CO; ii) AI(OH); iii) CaO iv) N;O
[7 mks}
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1296  APPENDICES

Derived SI Units
Symbol
Physical quantity Name of unit for unit Definition of unit
Energy Joule J kg m?-?
Force Newton N kgms=? =Jm™!
Power Watt  ° w kgmi’s~? = Js-!
Pressure Pascal Pa kgm-s"? = Nm™?
Electric charge Coulomb C As
Electric potential difference  Volt \4 kgm? A~ = TA-s7L J/C
Electric resistance Ohm 0 kg m’s72A"2 = V A™!
Electric capacitance Farad F A%‘kg~'m~? = AsV~!
Magnetic flux Weber Wb kg m?s~2A-! = Vs
Inductance Henry H kg m*s2A-? = Vs A-!
Magnetic flux density Tesla T kgs?A-!=Vsm~?
Frequency Hertz Hz Hz = s™!
Customary temperature, ¢ Degree Celsius °C t[°C] = T[K] - 273.15
Fundamental Constants
Quantity Symbol Value SI unit
Speed of light in vacuum c 2.997 925 x 10¢ ms”!
Elementary charge ] 1.602 189 x 10-¥ C
Planck constant k 6.626 18 x 10~ Is
Avogadro constant N, 6.022 04 x 10® mol !
Atomic mass unit 1u 1.660 566 x 107 kg
Electron rest mass m, 0.910 953 x 10-% kg
Proton rest mass m, 1.672 649 x 10-7 kg
Neutron rest mass m,, 1.674 954 x 10-% kg
Faraday constant F 9.648 46 x 10* C mol"!?
Rydberg constant R. 1.097 373 x 107 m!
Bohr radius ag 0.529 177 x 10-%° m
Electron magnetic moment e 9.284 83 x 10-* JT!
Proton magnetic moment ®p 1.410 617 x 10-* A
Bohr magneton Ty 9.274 08 x 10-% IT!
Nuclear magneton BN 5.050 82 x 10~¥ IT!
Molar gas constant R 8.314 41 Jmol-! K!
Molar volume of ideal gas (stp.) Vi 0.022 413 8 m’ mol !
Boltzmann constant k 1.380 662 x 10-® JK-!

Conversion Factors

1 cal

1 eV/molecule

1 kcal mol™!

1 kJ mol™!

1 wavenumber (cm™)

lerg

1 centimeter (cm)

1 picometer (pm)
1 panometer (nm)

= 4,184 joules (I)
96.485 kJ mol™!
23.061 kcal mol™!
= 349.76 cm™!

= 0.0433 eV

= 83.54 ¢cm™!

= 2.8591 X 1073 kecal mol™?
= 2.390 X 107" kcal
108 A

107 nm

=102 A

=104A




