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» Therelative atomic mass of magnesium is reported as 24.3. Show how thisfigureis
calculated given the natural abundances of the following isotopes of magnesium:
Mg (79.0 %); Mg (10.0 %); **Mg (11.0 %).

*  With examples, briefly explain what alotropes are.

» Complete the following table.

Formula Name
NaCO3
iron(l11) oxide
PCl3
ammonia

Marks
2
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» Explain the physical characteristics of an ionic solid, such as brittleness, high melting M zzrks
point and conductivity when molten, in terms of the bonding present.

» Draw Lewis diagrams of the following species. Show both bonding and non-bonding 4
pairs of valence electrons.

NH4" CO;
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Marks

» Theactiveingredient in superphosphate fertilizer is calcium dihydrogenphosphate, 5

Ca(H2POy),. It is made by treating insoluble rock phosphate, Cag(PO,), with sulfuric
acid. The other product of the reaction is calcium sulfate. Write the molecular
equation for the reaction.

What mass of sulfuric acid is needed to convert 1.0 tonne (1000 kg) of rock phosphate
to superphosphate?

Answer:

* Anaysis of an unknown compound returned the following percentage composition by
weight:
nitrogen: 26.2%; chlorine: 66.4% hydrogen 7.5%

What is the empirical formula of this compound?

Answer:
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Marks

e The structure of morphineis given below. 5

What are the approximate bond angles at the labelled atoms?

Atom Bond angles

#lN

#ZC

#3 C

#“0

THE REMAINDER OF THISPAGE ISFOR ROUGH WORKING ONLY



CHEM1001/1101 combined 2003-N-6 June 2003 / Nov 2003

* Inthechlor-alkali process, three useful products are formed, including two of the “top M z;r ks
ten” chemicals. Write the overall reaction, identify the two “top ten” chemicals, and
propose why the third useful product is not usually harnessed in this process.
Explain why the Na'(aqg) is not reduced to Na(s) in this process.
2

* How does nitric oxide, NO(g), form in a car engine? What happens to the NO once
emitted from the tailpipe? Make sure you include the appropriate chemical reactions
in your answer.
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Marks

e A 50.0 mL solution contained 10.00 g of NaOH in water at 25.00 °C. When it was 4

added to a 250.0 mL solution of 0.200 M HCI at 25.00 °C in a*“ coffee cup”
calorimeter, the temperature of the solution rose to 33.95 °C. Assuming the specific
heat of the solution is4.18 JK™ g™, that the calorimeter absorbs a negligible amount
of heat, and that the density of the solution is 1.00 g mL ™, calculate AH; (in kJ mol™)
for the following reaction. H*(ag) + OH (ag) — HO(l)

When the experiment was repeated using 12.00 g of NaOH in water, the temperature
increase was the same. Explain.
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Y ou are amember of aresearch team of industrial chemists who are discussing the
operation of an ammoniaplant. Ammoniaisformed from nitrogen and hydrogen
according to the following equilibrium reaction.

Na(g) + 3Hx(g) == 2NHs5(g)

The plant operates close to 700 K, at which K, is 1.00 x 10~ atm > and employs the
stoichiometric ratio 1:3 of N,:H,. At equilibrium the partial pressure of NHs is

50 atm. Calculate the partial pressures of each reactant and hence the total pressure
under these conditions.

P(N2) = p(H2) = p(total) =

Ammonium carbamate (NH,COONH,) is a salt of carbamic acid that isfound in the
blood and urine of mammals. At 250 °C, K. = 1.58 x 10~® M* for the following
equilibrium:

NH,COONH4(s) == 2NH3(g) + CO(g)

If 7.81 g of NH,COONHy, isintroduced into a 0.500 L evacuated container, what is the
total pressure inside the container at equilibrium at 250 °C?

Answer:

Marks
3
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» Diborane (B2Hg) is a highly reactive compound, which was once considered as a M azr ks
possible rocket fuel for the US space program. Calculate the heat of formation of
diborane at 298 K from the following reactions.
Reaction AH; (kJmol™)
2B(s) + °20g) - B2Os(9) -1273
B2He(9) + 302(g) - B20Os(s) + 3H0(g) —2035
Ha(g) + 202(9) — Hz0()) —286
H20() - H20(g) +44
Answer:
* What is meant by “cathodic protection”? Which of the following metals can provide 2
cathodic protection to iron and why?
Zn, Ni, Al, Sn
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Mud from noble metals

In the refining of copper, impure copper electrodes are el ectrolysed in a manner such
as described in the following figure. Indicate in the boxes on the figure, which
electrode is the anode and which is the cathode.

Impure Cu
electrode

Pure Cu
electrode

Why are noble metals left as a mud on the bottom of the reaction cell?

Explain why Zn?* and Fe** are not deposited from solution during this reaction.

How many kilograms of pure copper will be obtained when the electrolytic cell is
operated for 24.0 hours at a constant current of 100.0 A?

Answer:

Marks
6
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» Cornisavaluable source of industrial chemicals. For example, furfural is prepared
from corncobs. It isan important reactant in plastics manufacture and a key solvent in
the production of cellulose acetate, which is used to make products such as videotape
and waterproof fabric. Furfural can be reduced to furfuryl alcohol or oxidised to
2-furoic acid. The structures of these three compounds are shown below.

SR O W R
O\ CH,OH reduction CHO oxidation COOH

0] (0] @]
furfuryl acohol furfural 2-furoic acid

Explain, in terms of oxidation numbers, why we say that furfural is oxidised to
2-furoic acid and reduced to furfuryl alcohol.

Which of these three compounds can form hydrogen bonds? Draw the structurein
each case.
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Marks
3
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The figure below shows the boiling points of Group 14 and 17 hydrides as afunction Marks

of the period (row) of the periodic table. 3
O
~ OF HF .
g HI
- O
s HCl HOEV '
(al L
o O/l/-
£ -100 - _— SnH, -
= _ u GeH, |
2 CH /SiH
-150 - 4 :
[
2 3 4 5
Period

A number of trends are apparent from this figure, including:
- the tetrahydrides have lower boiling points than the monohydrides,
- the boiling point increases with period, with the exception of HF.
Explain these two trends, and the reason that HF is exceptional.
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Styrene is the monomer from which the important polymer, polystyrene, is
manufactured. The formula of styrene is shown below.

©/CH=CH2

Draw the repeating unit for polystyrene.

The average C—C bond length in the backbone of polystyreneis 0.154 nm and the
C—-C—C bond angleis 109.5°. Calculate the total extended end-to-end distance of the
polymer chain, and the average radius of gyration in a sample of polystyrene that has a
molar mass of 100,000 g mol ™.

Unlike polystyrene, which exhibits free rotation about the C-C single bonds, a
polypeptide exhibits restricted rotation in its backbone because of the partial double
bond character of the peptide bond. Explain this feature of polypeptides using
resonance structures of the peptide bond.

Marks
5
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Numerical Data

Physical constants

Planck constant = h = 6.626 x 10>* J s

Speed of light in vacuum = ¢, = 2.998 x 10° m s*

Avogadro constant = N, = 6.022 x 10” mol™

Faraday constant = F = 96485 C mol ™

Ideal gas constant = R = 8.314 JK™* mol™
=0.08206 L atm K™ mol™

Volume of 1 mol of ideal gasat 1 atm, 0°C =224 L

Volume of 1 mol of ideal gasat 1 atm, 25°C=24.5L

Conversion factors

0°C=273K

1 atm = 101.3 kPa= 760.0 mmHg
1nm=10"m
1MHz=10°Hz=10°s™"

1L=103m?

Formulas
E=hv C=AV
PV = nRT AH = C, mAT
pH =—log[H'] pH + pOH = 14.00
Kp = K(RT)™"

A periodic tableis printed on the other side of this data sheet.
Atomic weightsareincluded in the periodic table.



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 1081 | 1201 | 1401 | 1600 | 19.00 | 2018
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
2299 | 2431 2698 | 2809 | 3097 | 3207 | 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 Vv Cr Mn Fe Co Ni Cu Zn Ga | Ge As Se Br Kr
39.10 | 40.08 | 44.96 | 47.88 | 50.94 | 5200 | 5494 | 5585 | 5893 | 5869 | 6355 | 6539 | 6972 | 7259 | 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 | 8762 | 8891 | 9122 | 9291 | 9594 | [98.91] | 101.07 | 102.91 | 1064 | 107.87 | 112.40 | 114.82 | 11869 | 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
13291 | 137.34 178.49 | 180.95 | 18385 | 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
Fr Ra Rf Db Bh Hs Mt
[223.0] | [226.0] [261] | [262] | [266] | [262] | [265] | [266]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
LANTHAN' DES 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 m Yb Lu
13891 | 14012 | 14091 | 14424 | [1449) | 1504 | 15196 | 157.25 | 15893 | 16250 | 164.93 | 167.26 | 16893 | 173.04 | 174.97
89 90 91 92 93 9 95 96 97 98 99 100 101 102 103
PSR CAc | Th | Pa U | Np | Pu | Am | Ccm | Bk | cf | Es | Fm | Md | No | Lr
[227.0] | 23204 | [231.0] | 23803 | [237.0] | [239.1] | [2431] | [247.1] | [247.3] | [252.1] | [252.1] | [257.1] | [256.1] | [259.1] | [260.1]
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