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Section A – Multiple choice questions

	1.
	B
	Using Period 3 as an example, the oxides range from basis (Na2O, MgO) through amphoteric (Al2O3) to acidic (SO3). 

Considering the accepted trends in properties: 

· oxidising strength increases across a period 

· electronegativity increases across a period 

· ionisation energy increases across a period 

elements that form basic oxides will be weak oxidants, have low electronegativity, and have low first ionisation energy. 

Only the transition metals exhibit multiple oxidation states. 



	2.
	C
	The most noticeable change in the sets of ionisation energies is the big jump between the first and second ionisation energies for element B. This suggests that atoms of element B have one outer-shell electron and the second electron was being removed from a shell closer to the nucleus. Since element B would occupy Group I on the Periodic Table, element C must be in Group II. This is supported by the big jump between the second and third ionisation energies for element C suggesting that atoms of element C have 2 outer-shell electrons. Being in Group II, and having two outer-shell electrons, element C would form +2 ions. 

The ‘successive’ atomic numbers is further supported by the ionisation energies for element D suggesting that it has three outer-shell electrons. 



	3.
	D
	Expand the electrochemical series to include Cu, Fe, Pb and H2 

	
	
	VO2+ (aq) + 2 H+ (aq) + e– → VO2+ (aq) + H2O (l)
Cu2+ (aq) +  2 e– → Cu (s)
VO2+ (aq) + 2 H+ (aq) + e– → V3+ (aq) + H2O (l)
2 H+ (aq) + 2 e– → H2 (g)
V3+ (aq) + e– → V2+ (aq)
Co2+ (aq) + 2 e- → Co (s)
Fe2+ (aq) + 2 e– → Fe (s)
V2+ (aq) + 2 e– → V (s)
	1.0 V

0.34 V

0.32 V

0.00 V

–0.26 V

–0.13 V

–0.44 V

–1.2 V
	

	
	
	The oxidation states of vanadium are +5 (VO2+), +4 (VO2+), +3 (V3+), +2 (V2+) and 0 (V). 

Since the reduction of the oxidation number from +4 to +3 is spontaneous, the reductant must be lower on the electrochemical series than the oxidant VO2+. 

H2, Co and Fe will all reduce VO2+, however the only species that will reduce VO2+ (+4) to V3+ (+3) without further reducing V3+ is H2 (g). 


	4.
	A
	Mendeleev arranged the elements in order of increasing atomic mass. He was unable to arrange them in order of increasing atomic number because when he did his work the ‘structure’ of the atom had not been established. 

All the other alternatives are correct characteristics of Mendeleev’s periodic table. 



	5.
	B
	The mass spectrometer separates atoms according to their mass. When a sample of an element is injected into a mass spectrometer, the atoms are ionised by an electron beam, accelerated through an electric field and separated in a magnetic field where the lightest ions are most deflected. 

Isotopes of a particular element have different masses (on a scale where carbon-12 has a mass of 12 exactly) because they contain different numbers of neutrons (but have the same number of protons). 



	6.
	A
	Since atomic radius decreases across a period, the alkali metal has a larger radius than the halogen. Alkali metals are stronger reductants (weaker oxidants) than halogens so the alkali metals are lower on (the right hand side of) the electrochemical series. Also alkali metals form ionic compounds. 



	7.
	D
	The main nuclear reaction occurring in the Sun is generally represented by the equation 
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As a result of this nuclear fusion reaction, the mass of the products is less than the mass of the reactants as a result of the conversion of a small amount of mass into energy consistent with Einstein’s E = mc2. 

The equation also shows that the number of nuclei present is decreasing. 



	8.
	B
	[image: image4.emf]
In the Down’s cell, gaseous Cl2 comes off the anode and molten Na is collected at the cathode. A mixture of NaCl and CaCl2 is fed into the cell where it liquefies. The CaCl2 serves to lower the melting temperature of NaCl. 



	9.
	B
	The products of digestion of one unsaturated fat molecule would be expected to be three unsaturated fatty acid molecules and one glycerol molecule. 

The general molecular formula of a saturated fatty acid is CnH2nO2, so C18H36O2 is a saturated fatty acid. 

Glycerol CH2OHCHOHCH2OH has the molecular formula C3H8O3. 


	10.
	C
	When the lead-accumulator is converting chemical energy to electrical energy the half-reactions occurring are: 

Pb (s) + SO42– (aq) → PbSO4 (s) + 2e– at the anode (–) 

PbO2 (s) + SO42– (aq) + 4H+ (aq) +2e– → PbSO4 (s) + 2 H2O (l) at the cathode (+) 

Pb is consumed at the (–) electrode, the pH increases as the [H+] decreases, PbSO4 is produced at both electrodes, the oxidation number of Pb increases at the (–) electrode, from 0 to +2, and decreases at the (+) electrode, from +4 to +2. 



	11.
	B
	The electron configuration is: 

1s22s22p63s23p64s23d104p5 or 1s22s22p63s23p63d104s24p5. 

Atoms of the element contain 35 electrons and, since they are neutral atoms, have an atomic number of 35. Hence according to the periodic table, the element is bromine. 



	12.
	A
	Considering the relevant half-equations on the electrochemical series. 

	
	
	O2 (g) + 4 H+ (aq) + 4 e– → 2 H2O (l)

Ag+ (aq) + e– → Ag (s)
Cu2+ (aq) + 2 e– → Cu (s)

2 H2O (l) + 2 e– → H2 (g) + 2 OH– (aq)
Li+ (aq) + e– → Li (s)
	1.23 V
0.80 V
0.34 V

–0.83 V

–3.02 V
	

	
	
	Since the strongest oxidant present will react at the cathode in each cell, the reduction half-reactions occurring in the three cells can be deduced 

1 M CuSO4 (aq) – strongest oxidant is Cu2+ (aq) 

Cu2+ (aq) + 2 e– → Cu (s) 
1 M LiNO3 (aq) – strongest oxidant is H2O (l) 

2 H2O (l) + 2 e– → H2 (g) + 2 OH– (aq) 
1 M AgNO3 (aq) – strongest oxidant is Ag+ (aq) 

Ag+ (aq) + e– → Ag (s) 
No metal will be deposited during the electrolysis of 1 M LiNO3 (aq). 

Since the same amount of charge passes through each cell, the same n(e–) is available for the reduction of Cu2+ in CuSO4 (aq) and Ag+ in AgNO3 (aq). 

n(Ag) deposited = n(e–) 

n(Cu) deposited = ½ × n(e–) 
Hence the n(Cu) deposited = ½ × n(Ag) deposited 

Ratio n(Cu) : n(Ag) = 1 : 2 
Ratio n(Cu) : n(Li) : n(Ag) = 1 : 0 : 2 


	13.
	B
	The structure of the molecule shows significant polar regions and a significant non-polar region. 

[image: image5.emf]
These are characteristics of an emulsifier. 



	14.
	A
	The atomic number of uranium, U, can be obtained from the periodic table. It is 92. Nuclear equations are balanced for atomic number and mass number. 
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Element Z has atomic number 94 and according to the periodic table is plutonium, Pu 


	15.
	A
	The energy available from each of the three major food groups is 

Carbohydrate – 16 kJ g-1 
Fat – 37 kJ g-1 
Protein – 17 kJ g-1 
So a food sample with an experimentally determined energy content of 31.3 kJ g-1 must contain a high proportion of fat. 



	16.
	D
	Fluorine is produced by the electrolysis if salts containing the fluoride ions. However according to the electrochemical series, particularly 

F2 (g) + 2 e– → 2 F– (aq)                                 +2.87 V 

O2 (g) + 4 H+ (aq) + 4 e– → 2 H2O (l)            +1.23 V 

aqueous solutions of fluoride salts cannot be used because H2O (l) is a stronger reductant than F– (aq) and would be preferentially oxidised. 

Fluorine is produced by the electrolysis of molten salts such as KF (l), for which the electrode half-equations are 

(+) oxidation: 2 F– (l) → F2 (g) + 2 e–
(–) reduction: K+ (l) + e– → K (l) 


	17.
	C
	The conversion of CuSO4 (Cu2+) to Cu2O (Cu+) involves the reduction of Cu2+ to Cu+. Since this occurs in the presence of lactose then lactose is acting as a reductant. 

The reducing nature of sugars is also evident in respiration 

C6H12O6(aq) + 6O2(g) → 6CO2(g) + 6H2O(l) 

where glucose is the reductant. 



	18.
	D
	In acidic solution (pH 2) the amino acid will act as a base and the basic amino (-NH2) groups will each accept a proton and be converted to −NH3+. So the structure of the amino acid will then look like 
[image: image24.emf]
Consequently the lysine molecules will assume a charge of +2 



	19.
	A
	Energy released = 2.0 × 105 J = 2.0 × 102 kJ 

Energy available from one mole of C8H18 = 10108 ÷ 2 = 5054 kJ mol-1 
n(C8H18) = energy released / energy per mole C8H18 
               = 2.0 × 102 kJ ÷ 5054 kJ mol-1 
               = 4.0 × 10-2 mol 

m(C8H18) = 4.0 × 10-2 mol × 114 g mol-1 
                = 4.5 g 


	20.
	B
	According to the periodic table element 111 is clearly located in the d-block in the fourth transition series. All elements in the d-block have their highest energy electrons in a d-subshell:- 

3d – first transition series 

4d – second transition series 

5d – third transition series 

6d – fourth transition series. 

Roentgenium would be expected to exhibit similar properties to Cu, Ag and Au. Hence it is unlikely to have oxidation states as high as +5 and is more likely to donate electrons in chemical reactions. 


Section B – Short Answer Questions
Question 1
a. 6 CO2 (g) + 6 H2O (l) → C6H12O6 (aq) + 6 O2 (g) ( for balanced equation; ( for states 
b. i.
maltose, sucrose, lactose, galactose ( for two correct 
ii.
starch, cellulose, glycogen (( for all 3 correct, (( for two correct) 

iii.
The human body does not contain the enzyme necessary for the digestion of cellulose (, hence it cannot be broken down into the glucose which is the source of the energy released during respiration. 

c. Condensation reaction (. Water is released as hydroxy groups on adjacent molecules react to produce ether links. 
–(C)–O–(C)–
d. Enzymes control the reactions (speed up the hydrolysis) and enzymes are proteins. (
e. The equation for the oxidation or sorbitol C6H14O6 (aq) + 3 O2 (g) → 6 CO2 (g) + 7 H2 (g) shows that the oxidation of 1 mol of sorbitol produces 6 mol of CO2. 
Since 1 mol of sorbitol is produced from 1 mol of glucose, and 6 mol of CO2 is used in the production of 1 mol of glucose during photosynthesis, the oxidation of 1 mol of sorbitol releases back to the atmosphere the same amount of CO2 that was consumed in its production. ((
Question 2
a. Proteins are converted into their constituent amino acids during hydrolysis reactions in which water reacts across the peptide –CONH links and converts them into carboxy –COOH and amino –NH2 groups. This ‘addition’ of water means that the total mass of amino acids produced will be greater than the mass of protein undergoing hydrolysis. ((
b. According to the electrochemical series, 

2 H2O (l) + 2 e– → H2 (g) + 2 OH– (aq) 
–0.83 V 

Al3+ (aq) + 3 e– → Al (s) 
–1.67 V 

H2O (l) is a stronger oxidant than Al3+ (aq) and would be preferentially reduced at the cathode in an aqueous solution of AlCl3. ( So Al3+ ions are reduced from molten alumina, Al2O3. Because Al2O3 has a high melting temperature (>2000°C) it is dissolved in molten cryolite which effectively lowers its melting temperature. (
c. The specific heat capacity of water is 4.18 J mL–1 °C–1. So to increase the temperature of 500 mL of water by 1°C requires 4.18 × 500 = 2090 J (
However, during calibration enough must also be added to increase the temperature of components such as the bomb, thermometer, stirrer and container. So to raise the temperature of all the components of a bomb calorimeter containing 500 mL of water more than 2090 J of energy must be added for each 1 degree in temperature. Consequently the calorimeter constant will be > 2090 J °C–1. (
d. In any aqueous solution of NaCl there are two oxidants – Na+ (aq) and H2O (l) – and two reductants – Cl– (aq) and H2O (l). The stronger oxidant, H2O (l) is always preferentially reduced at the cathode, according to
2 H2O (l) + 2 e– → H2 (g) + 2 OH– (aq) (
However, in concentrated NaCl (aq), despite the fact that H2O (l) is the stronger reductant, the similar reductant strength of Cl– (aq) and its high concentration means that it is oxidised according to 

2 Cl– (aq) → Cl2 (g) + 2e– (
The overall redox reaction occurring during the electrolysis of 5 M NaCl (aq) is 

2 Cl– (aq) + 2 H2O (l) → H2 (g) + Cl2 (g) + 2 OH– (aq) or 
2 NaCl (aq) + 2 H2O (l) → H2 (g) + Cl2 (g) + 2 NaOH (aq) 

The three ‘commercial’ products are H2, Cl2 and NaOH (
Question 3
a. Group VIII or Group 18 (
b. Identification of elements had depended mainly on their chemical reactivity. The ‘noble gases’ being unreactive simply could be identified (
c. Emission spectra are sets of coloured lines on a black background. Each coloured line corresponds to a specific wavelength of light. ( To produce an emission spectrum, electrons must first have been excited, ie absorbed energy and moved to higher energy levels. ( When the electrons return to return to lower energy levels closer to the nucleus they emit, as light, energy equal to difference between the energy levels. ( So, the coloured lines on the black background occur at specific wavelengths corresponding to the difference in energy between the starting and finishing levels of the electrons moving back closer to the nucleus. (
d. Because each element has a unique electron configuration and so produces a unique emission spectrum. (
Question 4
a. Q = It 

   = 3.25 × 1 × 60 × 60 

   = 1.17 × 104 C (
b. Copper is deposited by reduction of Cu2+ (aq), ie Cu2+ (aq) + 2 e– → Cu (s) 

n(e–) = 2 × n(Cu) 

         = 2 × 4.17 g / 63.6 g mol-1 (
         = 2 × 0.0656 

         = 0.131 mol (
c. Charge on 1 mol electrons = Q / n(e–) 

      = 1.17 × 104 / 0.131 

      = 8.93 × 104 C mol-1 (
d. NA = charge on 1 mol electrons / charge on 1 electron 

     = 8.93 × 104 C mol–1 / 1.6 × 10–19 
     = 5.6 × 1023 (
e. During electrolysis, the transformation of electrical energy to chemical energy is not 100 per cent efficient. ( So the amount of Cu produced is lower than what is theoretically possible from the charge passed through the cell. Also some of the Cu may fall off the cathode 

a. Question 5
b. 5 mol glucose → 11925 kJ 

1 mol glucose → 11925 / 5 = 2385 kJ (
Energy derived by bacteria = 2.00 × 106 J = 2.00 × 103 kJ 

n(C6H12O6) = energy derived by bacteria / energy available from 1 mol C6H12O6 
                   = 2.00 × 103 kJ / 2385 kJ mol–1 
                   = 0.839 mol (
m(C6H12O6) = 0.839 mol × 180 g mol–1 
                    = 151 g (
c. Denitrifying bacteria (
d. During nitrogen fixing by nitrogen fixing bacteria, N2 is converted to NH4+. 

So the oxidation state of nitrogen changes from 0 to -3 (
e. NH4+ (aq) + 3 H2O (l) → NO3– (aq) + 10 H+ (aq) + 8 e– ( for all species correct, ( for balancing 
f. urea, CO(NH2)2 or NH2CONH2 (
Question 6
a. In chemical reactions there is no change in mass, ie the total mass of reactants equals the total mass of products. In most nuclear reactions mass is converted into energy so the total mass of products is less than the total mass or reactants. (
In chemical reactions no ‘different’ elements are produced, the atoms are rearranged. In nuclear reactions different elements are produced, i.e. the products contain different elements to the reactants. (
b. i.
combustion (
ii.
nuclear fission (
c. Thermal energy is used to boil water to produce steam which drives turbines, so the thermal energy is converted to mechanical energy. ( The turbines drive generators so the mechanical energy is converted to electrical energy. (
d. chemical fuel – coal; (oil, natural gas) nuclear fuel – uranium (
e. In power stations, the pathway from chemical energy to electrical energy involves a number of conversions and a significant amount of energy is lost as heat energy along the way. Fuel cells are more efficient because the chemical energy of the fuel is converted directly to electrical energy. (
f. i.
Oxidation occurs at the negative electrode 

H2 (g) + 2 OH– (aq) → 2 H2O (l) + 2 e– ( from the electrochemical series 
ii.
Reduction occurs at the (+) electrode 

O2 (g) + 2 H2O (l) + 4 e– → 4 OH– (aq) ( from the electrochemical series 
iii.
Cell voltage = E0(oxidant) – E0(reductant) 

                           = 0.40 – (–0.83) 

                           = 1.23 V (
g. The products of the reaction between CH3OH and O2 in the fuel cell are the same as for the combustion of CH3OH, ie CO2 and H2O. 

CH3OH is oxidized to CO2 at the anode 

CH3OH (aq) + H2O (l) → CO2 (g) + 6 H+ (aq) + 6 e– (
O2 is reduced to H2O at the cathode 

O2 (g) + 4 H+ (aq) + 4 e– → 2 H2O (l) (
Question 7
a. 25Mn – 1s22s22p63s23p64s23d5 or 1s22s22p63s23p63d54s2 (
Manganese is a transition metal because its highest energy electrons are in a d-subshell. (
b. i.
The electrochemical series shows that Mn is oxidized to Mn2+ and H+ is reduced to H2 
Mn (s) + 2 H+ (aq) → Mn2+ (aq) + H2 (g) or Mn (s) + 2 HCl (aq) → MnCl2 (aq) + H2 (g) (
ii.
According to the half-equations on the electrochemical series. 

Cu2+ (aq) + 2 e– → Cu (s) 
E0 = 0.34 V 

2 H+ (aq) + 2 e– → H2 (g) 
E0 = 0.00 V 

Cu will not react spontaneously with H+ (aq) because the oxidant, H+, is lower on the series than the reductant, Cu. (
c. Manganese forms coloured compounds. (
Manganese exhibits a variety of oxidation states - +4 in MnO2; +7 in KMnO4  (
d. Cu(NH3)42+ is a complex ion ( in which the central cation is surrounded by ligands, in this case polar NH3 molecules. 

In each complex ion, the bonding between the Cu2+ ion and the NH3 molecules is ion-dipole bonding (. Within the NH3 molecule, there are covalent bonds ( between the N atom and the H atoms. 

e. Magnetism (
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