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Question One

Calculate the energies of the n=1 and n=2 states of the hydrogen atom in
joules per atom and in kilojoules per mole. What is the difference in
energy (AE) of the two states in J/atom? Calculate the wavelength, A, (in
nanometers) that corresponds to AE. [8]

In fireworks displays, Mg is oxidized by KClO4 giving rise to white flashes.
One product of the reaction is KCI1. Write a balanced equation for the
reaction. [2]

Given that the angular function of an orbital is proportional to cos28,
determine the orientation of the orbital.

[15]
Question Two
Manganese is found as MnOs in deep ocean deposits.
(i) Depict the electron configuration of this element using the noble

gas notation and an orbital box diagram
(ii) Using an orbital gas diagram, show the valence electrons for Mn4+
(iii) Is Mn# paramagnetic? Explain your answer.

[S]

Answer the questions below about the elements A and B, which have the
ground state electron configurations shown.

A = [Kr]|5s? B = [Kr]4d105s25p5

1) Is element A a metal, nonmetal or metalloid? What about element
B?

ii) Which element has the greater ionization energy?

ilij  Which element has a larger ionization energy?
iv) Which element has the more negative electron attachment

enthalpy?

v) Which is more likely to form a cation?

vi) Which is a likely formula for a compound formed between A and
B?

[8]



Calculate the effective nuclear charge, Z*, for an outermost electron in
atoms O, F and Ne. Relate Z* values to the expected trend in their
relative atomic radii and first ionization energies.

[12]

Question T_hree

a) For each of the molecules or ions below, draw a Lewis structure and
determine the formal charge on each atom. [4]

i) NOg* ii) NzHa

b) Draw Lewis structures for each of the following molecules or ions.
Describe the electron pair geometry, molecular geometry and the
nature of hybridization around the central atom.

iy  CIF; ii)CIFs | | [10]

¢) Consider the molecular species Na, N2+ and Nz-. Using molecular
orbital theory, compare these species with regard to their i) magnetic
properties, ii) bond orders, and iii) bond lengths and bond strengths.

(11]
ngstion Four

Ethanol, CH3CH20H, and dimethyl ether, CH3OCH3, have the same
molecular formula but a different arrangement of atoms. Predict which of
these compounds has the higher boiling point. Use suitable diagrams to
illustrate your answer. [4]

Give a sketch of the Born-Haber cycle for the formation of AloO3(s) from
its constituent elements in their standard states. 8]

Silicon and carbon have the same solid-state crystal structure. However,
diamond is an insulator and silicon is a semiconductor. Explain why
there is a difference. [3]

Aluminum has a density of 2.699 g/cm3, and the atoms are placed in a
face-centered cubic crystal lattice. What is the radius of an aluminium

7 atom? [10]
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Question Five \
E-J
Give the formulas and Lewis structures of nitrogen oxides corresponding
to the oxidation states +II, +III, +IV and +V. [10]

One way to prevent any SO; from reaching the atmosphere is to scrub
the exhaust gases with slaked lime, Ca(OH)2, followed by oxidation of the
resulting sulphite to sulphate. Give the balanced reactions involved in
the process. [3]

Give balanced chemical equations depicting the reactions of oxides with
water to form the following acids:

i)  HsPO, ii) HNO;  iii) HoSO4 iV) HoCO3'

[12]
Question Six
Consider the halides BCl3, AIClz, CCls, SiCls, SnCls, PbCla.
i) Name each of the halides
ii) Briefly describe the chemical reactions, if any, which take place

when these halides are mixed with water. If appropriate, each case

should be accompanied by a balanced chemical reaction.
[14]

Aluminium and beryllium are examples of two elements that exhibit a
diagonal similarity relationship. Two of their similarities are that they
form similar carbides and that both of their oxides are amphoteric.
IMustrate the two similarities by giving balanced reactions for the
following processes:

i) Reactions of carbides of Be and Al with water
ii) Reactions of oxides Be and Al with an aqueous solution of sodium
hydroxide

[8]
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c) With the help of suitable diagram, illustrate how pi-type atomic orbitals
overlap to form two adjacent pi bonds in the allene molecule, whose

structre is shown below. 5

[3]

i
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PERIODIC TABLE OF THE ELEMENTS

GROUPS
1 2 3 | 4 5 6 7| 8 [ 9 1011 [ 12 13 ]14 {15 |16 |17 | 18
PERIODS | 1A A mp | wvB | ve. | vis | vie vill B B | WA | IvA VA via | wia | via
1.008 4.003
1 H He
1 2
) 6.941 | 9.012 10811] 12,011 | 14.007 | 15.999 | 18.998 | 20.180
2 Li | Be B|C|[N|[O]|F | Ne
3 4 5 6 7 8 9 10
3 215?90 ﬁos 2X82 23Soass' 30,9738 328.05 35453 | 39.948°
a 1 i r
11 12g‘ TRANSITION ELEMENTS 13 14 15 16 17 18
39.0983 | 40,078 | 44,956 | 47.88 |509415| 51.996 | 54.938 | 55.847 | 56.933 | 58,69 | 63546 | 6539 | 69723 | 7261 | 74922 7896 | 79904 | 83.80
4 Ca c | Ti Cr |{Mn| Fe | Co i|Cul|Zn|Ga ef As!| Se | Br | Kr
19 20 21 22 23 24 25 | "2 27 28 29 30 31 32 33 | 34 35 36
85468 | £7.62 | 88.906 | 91.224 | 92.9064 | 95.94 | 98.907 | 101.07 | 102906 | 108.42 | 107.868 | 112.41 | 11482 | 11871 | 121.75 | 127.60{ 126,904 | 131.29
5 |Rb|{Sr| Y |Zr |Nb|Mo|Tc |Ru|Rh|Pd Cd{In|Sn.{ Sb|Te| I | Xe
.37 as | 39 40 a1 | a2 | a3 .| aa 4. | a6 47 48 a9 s0.. | 51 § 82 53 54
- 132905 | 137.33 | 138.906 | 178.49 [180.948 | 163.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204383 207:2+| 208.988] (209 | (2101 | 220)
<6 | Cs a(*Lal Hf | Ta|W |"Re | Os| Ir| Pt | Au 1 T1.| Pb| Bi:| Po] At iln ,
N - 56, | 57 .| 72 | 73|74 | 75 | 76 |77 | 78, | 79 80 81 | {825 | - ga |85 | 86
T | (@3 [226.025) (227) (261) | (262) 1" (262y°] .(265) ;(2536}5‘ T ' -+ i e e R
7 | Fr | Ra |**Ac| Rf | Ha Uns|Uno| Une RN 3%
87 as 89 104 108 - 1072 108 . 108
140115 140.908 | 14424 | (145) | 15036 | 151.98 | 157.25 | 158.925| 162.50 | 164.930 | 167.26 | 168.934 | 173.04 | 174.967
Ce |Pr |INd|(Pm |Sm |Eu|Gd|{Th |Dy | Ho| Err| Tm| Yb| Lu
* Lanthanide serles 58, 59 60 61 82 83 64 85 66 | e7- | 68 89 79.] 7
232.038 | 231.036 | 238.029| 237.048 | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259 | (260}
** Actinide serles -Th | Pa NP Pu |Am|Cm | Bk | Cf Es Fm | Md o| Lr
90 91 92 g 94 95 26 97 98 99 100 101 | 102 | 103

Numbers below the symbol of the element indicates the atomic
- numbers. Atomic masses, above the symbol of the elemenl, are

" based on lhe assigned relative alomic mass o “C = exaclly 12:

{ '} indicales the mass number of the isotope with the longest

hall-life.

SOURCE: International Union of Pure and Applied Chemistry, [. Mills, ed., Quantities,

Units, and Symbuols in Physical Chemistry, Blackwell Scientific Publications, Boston, 1988,it_ -

pp 86-98.
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Avogadro 5 number
atomic mmass. un
- chérge - of the ‘electrén {orproton
Faraday- consta ;
mass of the’ elét:tr
mass of the. neutr
miass of the proton
Planck’s constant -
speed of light in- a vacuum
staridard acceleration‘of gravity
umvczsal gas constant “

CE '?? R <7y

AR A i g

S TR ST T

p n G
pico- nano- giga- |
10712 107° T10° |
B : = - e T T —
Length g Pressure
SI unit: meter, m sI unit: pascal, Pa .
1km = 1000 m 1Pa’ = L.N/m? !
= 0,62 mile (i) _r . .=1kg/ms
linch (in) = 2.54cm -~latm = 1.01325X10° Pa
Im. = 1.094 yards (yd) 3 C o= 760 torr
1 pm = 10° ’2m 0014 | r = 1X10°Pa {
I e e SO T T W TR STV e ,, o i caed
Mass E L Math rglauonshxps ;
SI unit; kilogram, kg - :ﬁ . w=3.1416 |
1 kg =10%g & volume of sphere - = i’ %
= 2.205 1b ; vohume: of cyhnder = 'n'rz?z E
1 metnc ton (t) = 103 kg 5 i e e

S mp ofH20 = 0°C (273 15K)
~bp of H0 = 100°C (373:15 K)
T-(K) =T (°C) + 273.15

ST(°C) . =[T(F)-321 "

T(°F) - - =2T (°C) + 32




