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e Scholars think that a parchment scroll recently found in the Middle East could have 5

originated from the same group responsible for the Dead Sea Scrolls. If a modern

piece of parchment has an activity of 4.0 x 10 Ci g ', calculate the expected activity

of the recently discovered scroll if it originated 2100 years ago.

Answer:
e ''Cis an unstable isotope of carbon. Which force within the ''C nucleus is 5

responsible for its instability? Explain.

Which force is responsible for the greater stability of the '>C isotope compared to the
"C isotope? Explain.
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¢ In an electron microscope, to what minimum velocity must the electrons in the beam Mazrks
be accelerated in order to achieve a better spatial resolution (i.e., have a shorter
wavelength) than a visible light microscope? Assume an average wavelength of
visible light of 500 nm.
Answer:
e Sketch the arrangement of molecules in a nematic phase and a smectic phase of a 9
liquid crystal.
nematic phase smectic phase

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY
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e Sketch the following wavefunctions using lobe representations. Clearly mark all
nodal surfaces, nuclear positions and the relative sign (+ or —) of the wavefunction

within the lobes.

a 2s atomic orbital

a 3p atomic orbital

Explain the significance of (a) the lobes, (b) the nodes and (c) the sign of the
wavefunction, in terms of the probability of finding an electron at a given point in

space relative to the nucleus.

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY

Marks
5
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e Explain the trends in electron affinities for the first 5 elements of the second row of

the periodic table, in terms of their electronic configurations.

i.e. Discuss the trend in AH for the following reaction:

A(g) + e > A(g)

Element Li

Be

B

C

N

AH (inkJ mol )|  —60

+241

=27

—122

+8

¢ Briefly explain the following concepts and their electronic origins.

(a) paramagnetism

(b) polar bond

Marks
3
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e The following diagram shows the energy level diagram for the molecular orbitals in 5

the HF molecule (centre), in comparison to the atomic energy levels of hydrogen (left)
and fluorine (right).
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Add the ground state electron configuration to the diagrams for all three species using
the arrow notation for electron spin.

Label the orbitals of HF according to whether they are bonding, non-bonding, or anti-
bonding.

Sketch the c-bonding orbital showing the position of the atomic nuclei.
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e Explain what is meant by the term "band gap". Mzzrks

The band gap of the semiconductor gallium(II) sulfide is 2.53 eV. What range of
wavelengths (in nm) would you expect this material to absorb?

For reference, the relationship between colours and wavelengths is as follows:

| violet | blue | green | yellow | orange | red |
400 450 490 560 590 630 700 nm

Predict the colour of a single crystal of GaS according to a human observer when it is
illuminated with white light. Explain your answer.
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e Draw the major resonance contributors of nitryl chloride, CINO,.

What is the bond order of the N—O bonds?

e Complete the following table showing the number of valence electrons, a Lewis
structure and the predicted shape of each of the following species.

) Number of
Molecule Chemical . .
valence Lewis structure Geometry of species
name formula
electrons
e.g. water H,O 8 PN bent

carbonate ion

chlorine
trifluoride

Marks
2
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e Consider the following reaction at equilibrium.
CH;OH(g) == CO(g) + 2Hy(g) K.=1.30x10"

What is the concentration of CO(g) when [CH3;0H(g)] = 3.49 x 10" M and
[Hy(g)] = 1.76 x 107" M?

Answer:

e Explain briefly the chemical principles behind a) froth flotation, or b) electrorefining.

Marks
2
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e Solid NH4HS in placed in an evacuated container at 25 °C and the following M%rks

equilibrium is established.
NH HS(s) == NHi(g) + HS(g)  AH°=+93 kJ mol™

At equilibrium, some solid NH4HS remains in the container. Predict and explain each
of the following.

(a) The effect on the equilibrium partial pressure of NH; gas when additional solid
NH4HS is introduced into the container.

(b) The effect on the amount of solid NH4HS present when the volume of the
container is decreased.

(c) The effect on the amount of solid NH4HS present when the temperature is
increased.
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Marks

e A gaseous hydrocarbon is found to contain 85.6 % carbon and 17.4 % hydrogen by 5

mass. A 10.0 L sample of this gas has a mass of 23.78 g at 1.00 atm and 298 K.
Show that the hydrocarbon is butane, C4Hj.

Using the data below, calculate the heat generated when this quantity of butane is
burnt in air.

AH®: C4Hio(g) —126 kI mol™!, CO,(g) —394 kJ mol™', H,O(1) = 286 kJ mol*

Answer:
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Marks

¢ A radiator generates 150 J to heat up air inside a sealed container with volume of 5

2.00 L and initially at 25 °C and atmospheric pressure. What will be the pressure
inside the container after heating?

Assume that air is composed of 80 % nitrogen and 20 % oxygen by volume.

Specific heat capacities: N, 29.14 J K" mol™! and 0,29.381] K mol™!

Pressure:

If this heated air is injected into a balloon, it will rise. Use the ideal gas equation to
explain why this happens.
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e Fe,O; can be reduced by carbon monoxide according to the following equation.
Fe,0;3(s) + 3CO(g) <= 2Fe(s) + 3COx(g) K, =19.9 at 1000 K

At 1000 K, what are the equilibrium partial pressures of CO and CO; if the only gas
initially present is CO at a partial pressure of 0.978 atm?

p(CO) = p(COy) =

THE REMAINDER OF THIS PAGE IS FOR ROUGH WORKING ONLY

Marks
2
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e Explain the trend in the following table in terms of the type and size of intermolecular M%rks
forces.
Substance Boiling point (°C)
CH;CH; -89
CH;3;CH,CH,CHj; -1
CH;CH,—O—-CH,CHj; 35
CH;CH,OH 78

H,O 100

There are two isomers with the molecular formula C4H;,.

CHj;

| _H

CH;~CH,~CH,~CHj ~CZ
TR H;C CH;,4
butane 2-methylpropane

Discuss which isomer will have the greater intermolecular forces.
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Marks

e Consider the galvanic cell Zn(s) | Zn2+(aq) || Ag+(aq)| Ag(s) with initial 6

concentrations of [Zn>"] = 1.00 M and [Ag'] = 0.50 M. Draw the cell and clearly
label which electrode is the anode and which electrode is the cathode.

Write the equation for the reaction.

Calculate the cell potential at 298 K.

Answer:

Is this a spontaneous voltaic cell? Give a reason for your answer.
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DATA SHEET

Physical constants
Avogadro constant, Ny = 6.022 x 10 mol ™!
Faraday constant, F = 96485 C mol '
Planck constant, h = 6.626 x 10>*J s
Speed of light in vacuum, ¢ =2.998 x 10*m s
Rydberg constant, Eg =2.18 x 10'%J
Boltzmann constant, kg = 1.381 x 102 J K
Permittivity of a vacuum, g = 8.854 x 102 C* ' m™'
Gas constant, R=8.314] K mol™

=0.08206 L atm K" mol '

Charge of electron, e = 1.602 x 10" C
Mass of electron, m, = 9.1094 x 107! kg
Mass of proton, m, = 1.6726 x 10> kg
Mass of neutron, m, = 1.6749 x 107 kg

Properties of matter
Volume of 1 mole of ideal gas at 1 atm and 25 °C=24.5L
Volume of 1 mole of ideal gas at 1 atm and 0 °C =224 L
Density of water at 2908 K =0.997 g cm™

Conversion factors

1 atm = 760 mmHg = 101.3 kPa 1 Ci=3.70 x 10" Bq
0°C=273K 1Hz=15s"
1L=10"m’ 1 tonne = 10° kg
1A=10"m 1W=1Js"

1eV=1.602x10"]

Decimal fractions Decimal multiples
Fraction Prefix Symbol Multiple  Prefix Symbol
107 milli m 10° kilo k
10°° micro u 10° mega M
107 nano n 10° giga G

1072 pico p

June 2009
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Standard Reduction Potentials, E°

Reaction E°/V
Co*"(aq) + ¢ — Co*'(aq) +1.82
Ce*'(aq) + e > Ce’'(aq) +1.72
MnOy (aq) + 8H'(aq) + 5¢” — Mn*"(aq) + 4H,0  +1.51
Au''(aq) + 3¢ — Au(s) +1.50
Cl, + 2¢ — 2CI'(aq) +1.36
0, + 4H'(aq) + 4¢ — 2H,0 +1.23
Pt*'(aq) + 2¢ — Pt(s) +1.18

MnOs(s) + 4H'(aq) + ¢ — Mn’" + 2H,0 +0.96
NO; (aq) + 4H'(aq) + 3¢ — NO(g) + 2H,0 +0.96

Pd*"(aq) + 2¢ — Pd(s) +0.92
Ag'(aq) + e — Ag(s) +0.80
Fe’'(aq) + ¢ — Fe*'(aq) +0.77
Cu'(aq) + e — Cu(s) +0.53
Cu’'(aq) + 2¢ — Cu(s) +0.34
Sn*(aq) + 2¢” > Sn*'(aq) +0.15
2H'(aq) + 2 — Hai(g) 0 (by definition)
Fe*'(aq) + 3¢ — Fe(s) —-0.04
Pb*'(aq) + 2¢ — Pb(s) —0.13
Sn*"(aq) + 2¢ — Sn(s) -0.14
Ni*"(aq) + 2¢ — Ni(s) —0.24
Cd*"(aq) + 2¢ — Cd(s) —0.40
Fe*'(aq) + 2¢ — Fe(s) —0.44
Cr''(aq) + 3e — Cr(s) —0.74
Zn*'(aq) + 2¢ — Zn(s) —0.76
2H,0 + 2¢ — Hx(g) + 20H (aq) —0.83
Cr¥'(aq) + 2¢ — Cr(s) —0.89
Al¥(aq) + 3¢ > Al(s) ~1.68
Mg®'(aq) + 2¢ — Mg(s) -2.36
Na'(aq) + ¢ — Naf(s) -2.71
Ca*'(aq) + 2¢° — Ca(s) -2.87

Li'(aq) + e — Li(s) -3.04
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Useful formulas
Quantum Chemistry Electrochemistry
E=hv=hc/rA AG°® = -nFE°
A=h/my Moles of e = It/F
E =-ZEr(1/n%) E = E° — (RT/nF) x 2.303 logQ
AX-A(Mmv) > h/4n =E° — (RT/nF) x InQ
q=4nr’x5.67x10°*xT* E° = (RT/nF) x 2.303 logK
TA=2.898 x 10°K nm = (RT/nF) x InK
e=£o - 2092100Q (at 25 °C)
Acids and Bases Gas Laws
pKy =pH + pOH = 14.00 PV =nRT
pKyw =pKa + pKp = 14.00 (P + n*a/V})(V — nb) = nRT
pH =pK. +log{[A]/ [HA]}
Radioactivity Kinetics
t1/2 =1n2/4 t1/z = In2/k
A=2N k=Ae =T
In(No/N,) = At In[A] = In[A], — kt
C age = 8033 In(A¢/A,) years k: _ E(L ] L)
ki R T, T,
Colligative properties Thermodynamics & Equilibrium
IT=cRT AG® = AH® — TAS®
Psolution = Xsolvent X Posolvent AG=AG° +RT IIIQ
c=kp AG® =-RT InK
ATe=Kim AunivS® = R InK
ATy, = Kpm K, = K¢ (RT)™"
Miscellaneous Mathematics
_ I _h + Jh =
A——logl— Ifax2+bx+c=0,then X= b % Vb" - dac
0 2a
A= gcl In x=2.303 log x
E—_a e’ Na Area of circle = nur’
4re,r Surface area of sphere = 4mr”




PERIODIC TABLE OF THE ELEMENTS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 2
H He
1.008 4.003
3 4 5 6 7 8 9 10
Li Be B C N O F Ne
6.941 | 9.012 10.81 | 12.01 | 1401 | 1600 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
2299 | 2431 2698 | 28.09 | 30.97 | 32.07 | 3545 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 | 40.08 | 44.96 | 47.88 | 5094 | 5200 | 5494 | 5585 | 5893 | 5869 | 63.55 | 6539 | 69.72 | 72.59 | 7492 | 7896 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 87.62 | 8891 | 9122 | 92.91 | 9594 | [98.91] | 101.07 | 10291 | 106.4 | 107.87 | 112.40 | 114.82 | 118.69 | 121.75 | 127.60 | 126.90 | 131.30
55 56 |57-71| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.91 | 137.34 178.49 | 180.95 | 183.85 | 186.2 | 1902 | 192.22 | 195.09 | 196.97 | 200.59 | 204.37 | 207.2 | 208.98 | [210.0] | [210.0] | [222.0]
87 88 [89-103| 104 | 105 106 107 | 108 | 109 | 110 | 111
Fr Ra Rf | Db Sg Bh Hs | Mt | Ds | Rg
[223.0] | [226.0] 2611 | [262] | [266] | [262] | [265] | [266] | [271] | [272]
57 58 59 60 61 62 63 64 66 67 68 69 70 71
LANTHANOIDS LANTHANUM CERIUM PRASEODYMIUM NEODYMIUM PROMETHIUM SAMARIUM EUROPIUM GADOLINIUM TERBIUM DYSPROSIUM HOLMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.91 | 140.12 | 14091 144.24 | [144.9] | 1504 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
89 90 91 92 93 94 95 96 98 99 100 101 102 103
ACTINOIDS ACTINIUM THORIUM PROTACTINIUM URANIUM NEPTUNIUM PLUTONIUM AMERICIUM CURIUM BERKELLIUM CALIFORNIUM EINSTEINIUM FERMIUM MENDELEVIUM NOBELIUM LAWRENCIUM
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
[227.0] | 232.04 | [231.0] | 238.03 | [237.0] | [239.1] | [243.1] | [247.1] | [247.1] | [252.1] | [252.1] | [257.1] | [256.1] | [259.1] | [260.1]
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