	Lisachem 2003
	Unit 4 Chemistry
	Trial Examination Solutions


Section A – Multiple choice questions

	1.
	B
	In the first cell the solid deposited at the cathode is Cu; Cu2+ (aq) + 2 e– ( Cu (s)
In the second cell the solid deposited at the cathode is Ag; Ag+ (aq) + e– ( Ag (s)

In both cases the metal is deposited because both Ag+ (aq) and Cu2+ (aq) are stronger oxidants than water and are preferentially reduced.

n(Cu) deposited = 1.59 / 63.6 g mol–1 

= 0.0250 mol

n(e–) passing through first cell = 2 × n(Cu)

= 2 × 0.0250 = 0.0500 mol

Since the same amount of electricity is passing through both cells then the same n(e–) passes through both cells.

n(Ag) deposited = n(e–) = 0.0500 mol

m(Ag) deposited = 0.500 mol × 107.9 g mol–1
  = 5.40 g


	2.
	C
	The calibration factor is determined from the electrical energy added (E = V I t) and the temperature change during calibration (ΔTc).
E = V I t = 5.00 × 2.52 × (1.5 × 60)

  = 1134 J

ΔTc = 23.24 – 20.18 = 3.06°C

CF = E / ΔTc = 1134 J / 3.06 °C

= 371 J °C–1


	3.
	C
	The general formula for an α-amino acid is NH2CH(Z)COOH.
The amino –NH2 group is the basic end.

The carboxy –COOH group is the acid end.

In the formation of a zwitterions, the –NH2 group accepts a proton and so becomes the acidic NH3+ group, whilst the –COOH group donates a proton and so becomes the basic –COO– group.
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zwitterion


	4.
	D
	In stars nuclear fusion reactions occur as smaller nuclei are converted into larger nuclei, ie the total number of nuclei present decreases.
For example 3 He-4 nuclei react to produce 1 C-12 nucleus; 2 
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Also during such fusion reactions small amounts of mass are converted to large amounts of energy according to Einstein’s equation E = mc2. So the total mass of a star also decreases.


	5.
	B
	Triglycerides obtained from vegetable sources have a greater proportion of unsaturated molecules than animal fats. Consequently they have more carbon-carbon double bonds and a lower proportion of H to C atoms in the molecules. Both of these factors contribute to less dispersion force attraction between adjacent molecules and thus lower boiling temperatures. Hence vegetable oils tend to be liquid at room temperature and animal fats tend to be solid.


	6.
	C
	This is fundamentally factual recall. The main nitrogen containing species in urine is urea, the product of the breakdown of waste protein / amino acids. As indicated in the structure shown here, urea may be represented by the formula NH2CONH2 or (NH2)2CO.
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	7.
	A
	Since the production of Fe-56 involves the production of a more stable species, then the reaction in which it is produced must release energy whether it is nuclear fission or nuclear fusion.
In both fission and fusion the total mass of products is slightly lower than the total mass of reactants because the energy released is associated with Einstein’s equation E = mc2.


	8.
	D
	The reaction occurring at the positive electrode is the oxidation of the reductant, H2.
According to the electrochemical series, for H2 (g) in an alkaline electrolyte, the oxidation half-equation must be

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



	9.
	A
	Octane: 
	According to:

2 C8H18 (g) + 25 O2 (g) ( 16 CO2 (g) + 18 H2O (l);   ΔH = –10090 kJ mol–1
2 mol C8H18 ( 10090 kJ

2 × 114 g C8H18 ( 10090 kJ

1 g C8H18 ( 10090 / 228 = 44.3 kJ

	
	
	Ethanol:
	According to:

C2H5OH (l) + 9 O2 (g) ( 2 CO2 (g) + 6 H2O (l);   ΔH = –1367 kJ mol–1
1 mol C2H5OH ( 1367 kJ

2 × 46 g C2H5OH ( 1367 kJ

1 g C2H5OH ( 1367 / 46 = 29.7 kJ

	
	
	Ratio of ‘energy per gram C8H18’ : ‘energy per gram C2H5OH’ = 44.3 : 29.7
 = 
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	10.
	B
	The alternatives offered to not seem to refer to the relative amounts of greenhouse gas CO2 produced by the combustion of ethanol and by the combustion of octane and other hydrocarbons in petrol.
So consider the alternatives
A - oil is not necessarily saved if ethanol is produced from ethene, because the ethene is produced from oil and/or natural gas. Also ethanol used in fuels is usually produced by fermentation.
B - ethanol used in fuels is produced by fermentation of glucose. Glucose is obtained from the hydrolysis of disaccharides and complex carbohydrates. So extra plants grown to provide these carbohydrates used to produce ethanol act as a CO2sink (during photosynthesis). So the balance between CO2 produced in the combustion of ethanol and the CO2 used in the plant growth results in a net reduction compared to the use of petrol as a fuel.
C - the amount of water produced (2.3 g) per gram of ethanol is actually greater than the amount of water produced (1.4 g) per gram of petrol (octane).
D - reduction in CO emissions means more CO2 emissions hence an increase in greenhouse gases. Also CO is not a significant greenhouse gas.


	11.
	B
	First row transition metals do act as catalysts, eg vanadium in V2O5 the catalyst used in the Contact Process.
Each first row transition metal does form at least one stable compound when it reacts with oxygen, and, even through the 3d subshell fills after the 4s subshell when forming ions (being oxidised) they lose their 4s electrons before the 3d.

However, shilst all the first row transition metals exhibit at least one oxidation state other than zero, and many exhibit 3 or more, not all of them have at least three oxidation states. The notable examples are Sc (0. +3) and Zn (0, +2).



	12.
	C
	Ammonium vanadate dissociates in aqueous solution NH4VO3 (aq) ( NH4+ (aq) + VO3– (aq).
To get the green vanadate ion, VO3– (aq) has to be reduced through to V3+ (aq). So the reductant used must be capable of reducing VO3– (aq) to VO2+ (aq) and then to V3+ (aq). But it must not be strong enough to reduce the V3+ (aq) to V2+ (aq).

Including all the species added to the separate solutions of ammonium vanadate, ie Zn (s), K+ (aq), I– (aq), Sn (s), Na+ (aq), Cl– (aq) in the electrochemical series data.

	
	
	
	Cl2 (g) + 2 e– ( 2 Cl– (aq)
	E0 = +1.36 V

	
	
	
	VO3+ (aq) + 4 H+ (aq) + e– ( VO2+ (aq) + 2 H2O (l)
	E0 = +1.00 V

	
	
	
	I2 (s) + 2 e– ( 2 I– (aq)
	E0 = +0.54 V

	
	
	
	VO2+ (aq) + 2 H+ (aq) + e– ( V3+ (aq) + H2O (l)
	E0 = +0.32 V

	
	
	
	Sn2+ (aq) + 2 e– ( Sn (s)
	E0 = –0.14 V

	
	
	
	V3+ (aq) + e– ( V2+ (aq)
	E0 = –0.26 V

	
	
	
	Zn2+ (aq) + 2 e– ( Zn (s)
	E0 = –0.76 V

	
	
	
	Na+ (aq) + e– ( Na (s)
	E0 = –2.71 V

	
	
	
	K+ (aq) + e– ( K (s)
	E0 = –2.93 V

	
	
	This shows that of the four reductants added, Cl– (aq), I– (aQ), Sn (s) and Zn (s), the only one capable of reducing VO3– (Aq) to VO2+ (aq) and then VO2+ (aq) to V3+ (Aq) without reducing V3+ (aq) to V2+ (aq) is tin, Sn (s).

	
	
	
	VO3+ (aq) + 4 H+ (aq) + e– ( VO2+ (aq) + 2 H2O (l)
	E0 = +1.00 V

	
	
	
	VO2+ (aq) + 2 H+ (aq) + e– ( V3+ (aq) + H2O (l)
	E0 = +0.32 V

	
	
	
	Sn2+ (aq) + 2 e– ( Sn (s)
	E0 = –0.14 V

	13.
	B
	The light blue precipitate and deep blue solution formed on addition of concentrated ammonia solution immediately suggests that Cu2+ must be present, hence compound X was Cu(NO3)2.
The observations are consistent with Cu(NO3)2.

1. Heating Cu(NO3)2 ( black solid, CuO, and brown gas, NO2
2. Cu2+ (aq) + 2 OH– (aq) ( Cu(OH)2 (s) – light blue precipitate

3. Cu(OH)2 (s) + 4 NH3 (aq) ( Cu(NH3)42+ (aq) + 2 OH– (aq) – deep blue solution of copper tetraammine ions


	14.
	D
	The first ionisation of lithium is described by the equation Li (g) ( Li+ (g) + e–.

Since the electronic configuration of Li is 1s2 2s1, and ionisation involves the removal of the outermost or highest energy electron, energy must be added to remove the 2s1 electron. To remove this electron from 1 mole of Li atoms requires the input of 519 kJ of energy.


	15.
	B
	The Down’s Cell is used to produce Na And CL2 from the electrolysis of NaCl (l) / CaCl2 (l).
The Hall Cell is used to produce Al (and CO2) from the electrolysis of Al2O3 (l) / cryolite.

The Membrane Cell is used to produce NaOH, H2 and Cl2 from the electrolysis of brine (concentrated NaCl (aq)).
So considering the alternatives:
A - incorrect because Al (l) is denser than the Al2O3 (l) / cryolite electrolyte and settles under the electrolyte at the bottom of the cell.
B - Correct. Overall equation is 2 NaCl (aq) + 2 H2O (l) ( 2 NaOH (aq) + H2 (g) + Cl2 (g). 

The half-equations for the reactions occurring in the cell are 2 Cl– (aq) ( Cl2 (g) + 2 e–; and 
2 H2O (l) + 2 e– ( H2 (g) + 2 OH– (aq).
C - Incorrect. CaCl2 is used in the Down’s Cell, cryolite is used in the Hall Cell.
D - Incorrect. In electrolytic cells electrons are forced on to (supplied to) the negative electrode and hence reduction occurs at the negative electrode.


	16.
	D
	The reactions represented by 1. are all hydrolysis reactions which occur during the digestion of the major food groups. Proteins are broken down into amino acids, fats into fatty acids and glycerol, and carbohydrates into monosaccharides.
The reactions represented by 2. are all condensation reactions that occur as proteins, fats and glycogen are formed in cells of the body.

The reaction represented by 3. is respiration where energy required for effective functioning of the body is released via the reaction C6H12O6 (aq) + 6 O2 (g) ( 6 CO2 (g) + 6 H2O (l).


	17.
	A
	To answer this question it is necessary to first deduce that X represents amino acids, Z represents proteins, Q represents glycerol and Y represents glycogen.
Q - formula CH2OHCHOHCH2OH or C3H8O3
1 mol (92.0 g) C3H8O3 contains 3 × 16 = 48.0 g of O atoms

%O = (48.0 / 92.0) × 100

       = 52.2%
X - general amino acid formula is NH2CH(Z)COOH
Consider glycine NH2CH2COOH, the amino acid with the lowest molar mass
1 mol (75.0 g) NH2CH2COOH contains 2 × 16 = 32.0 g of O atoms

%O = (32.0 / 75.0) × 100

       = 42.7%

Aspartic acid NH2CH(CH2COOH)COOH, the amino acid with the largest mass of oxygen, has 64.0 g of O atoms in 1 mole (133 g)

%O = (64.0 / 133) × 100

       = 48.1%
Z - since proteins are formed from amino acids, and oxygen is released as water in the condensation process, the percentage, by mass, of oxygen in protein is going to be less than 48.1%.
Y - glycogen is formed from the condensation polymerisation of glucose and can be represented by n C6H12O6 ( –(C6H10O5)n– + (n–1) H2O, where n is a very large number
So the percentage, by mass, of O in glycogen is effectively the same as the % in C6H10O5.
1 mol (162.0 g) C6H10O5 contains 5 × 16 = 80.0 g of O atoms

%O = (80.0 / 162.0) × 100

       = 49.4%



	18.
	C
	Ether functional group (C)–O–(C) has one atom.

Amino functional group (C)–NH2 has three atoms.

Peptide functional group –CONH– has four atoms.

Ester functional group –COO–(C) has three atoms.
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amino group
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ester group


	19.
	B
	Close study of the Periodic Table supplied shows that the Lanthanides fit in between Lanthanum (element number 57) and Hafnium (element number 72). This effectively creates a break in the Periodic Table between the group containing Sc, Y, La, Ac and the group containing Ti, Zr, Hf, Rf. The Actinides which sit directly under the Lanthanides are followed by elements 104, 105 etc. So element 104 is in the same group as Ti, element 105 in the same group as V, element 106 in the same group as Cr, and Bohrium (element 107) in the same group as Mn.



	209.
	A
	According to the relevant information from the electrochemical series:

	
	
	O2 + 4 H+ + 4 e–
	(
	2 H2O
	  1.23 V

	
	
	Cu2+ + 2 e–
	(
	Cu
	  0.34 V

	
	
	2 H2O + 2 e–
	(
	H2 + 2 OH–
	–0.83 V

	
	
	The reactions occurring gin the normal copper plating cell are:
Anode:      Cu (s) ( Cu2+ (aq) + 2 e–
Cathode:   Cu2+ (aq) + 2 e– ( Cu (s)
If the copper anode is replaced with a carbon electrode, the only reductant present at the carbon anode will be H2O.

So instead of Cu being oxidised at the anode, H2O will be oxidised according to 
2 H2O (l) ( O2 (g) + 4 H+ (aq) + 4 e–.

This will produce bubbles of gas at the anode. Also because of the increase in [H+] in the solution, the pH will decrease.

Cu (s) would still be produced at the cathode until the c(Cu2+) has dropped to an unworkable level.


Section B – Short Answer Questions
Question 1
a. According to the equation
CH4 (g) + 2 O2 (g) ( CO2 (g) + 2 H2O (g); ΔH = –890 kJ mol–1
1 mol CH4 produces 890 kJ

n(CH4) reacting = V(CH4 / Vm
= 1.5 × 109 L / 22.4 L mol–1
= 6.7 × 107 mol (
Energy released = n(CH4) × energy per mol CH4
= 6.7 × 107 × 890

= 6.0 × 1010 kJ (
b. The volume of heating oil saved will be the volume that would release 6.0 × 1010 kJ of energy.
Volume of heating oil saved = energy available from CH4 / energy per litre of heating oil

 = 6.0 × 1010 kJ / 38 500 kJ L–1
 = 1.5 × 106 L (
c. i.
When a fuel such as methane is used in a fuel cell the products of the two half-equations will be the same as the products of the direct combustion of the fuel.
So CH4 is oxidised to CO2 an dO2 is reduced to H2O.
The equation for the reduction of O2 in an acidic electrolyte is on the supplied electrochemical series

O2 (g) + 4 H+ (aq) + 4 e– ( 2 H2O (l) (
The half-equation for oxidation of CH4 to CO2 is obtained by standard redox half-equation balancing techniques. It is also on the supplied electrochemical series.

CH4 (g) + 2 H2O (l) ( CO2 (g) + 8 H+ (aq) + 8 e– (
ii.
Overall equation from equalising the number of electrons in the two half-equations

2 × (O2 (g) + 4 H+ (aq) + 4 e– ( 2 H2O (l)) and CH4 (g) + 2 H2O (l) ( CO2 (g) + 8 H+ (aq) + 8 e– to give 

CH4 (g) + 2 O2 (g) + 8 H+ (aq) + 8 e– + 2 H2O (l) ( CO2 (g) + 8 H+ (aq) + 4 H2O (l) + 8 e–
which simplifies to

CH4 + 2 O2 (g) ( CO2 (g) + 2 H2O (l) (
iii.
The electrodes must
· conduct electricity

· be unreactive

· be porous to allow contact between the reactants and the electrolyte ((
· (may be impregnated with catalyst to speed up the reaction)
iv.
In a fuel cell the conversion of chemical energy to electrical energy is direct and hence more efficient than the multi-step conversion used in a fuel fired power station. (

In a power station more energy is ‘lost’ as heat in the conversions from chemical to thermal, thermal to mechanical, and mechanical to electrical energy.
Question 2
a. The trend in acid-base properties is from basic on the left of the period – oxides of Na and Mg – through to acidic on the right – oxides of Si to Cl. Aluminium oxide, Al2O3 is amphoteric. (
Basic oxide, Na2O, reacts with water to produce OH– (aq) ions.

Na2O (s) + H2O (l) ( 2 Na+ (aq) + 2 OH– (aq) (
Acidic oxide, SO3, reacts with water to produce its related acid, ie sulfuric acid, H2SO4 (aq).

SO3 (g) + H2O (l) ( H2SO4 ( or SO3 (g) + H2O (l) ( H+ (aq) + HSO4– (aq)
b. The E0 values show that fluorine is a very strong oxidant and lithium is a very strong reductant. (
Since Li and F are at opposite ends of Period 2, these properties are consistent with the trends in oxidising and reducing strengths across a period. (
Oxidising strength increases across a period and reducing strength decreases across a period. (
c. Atomic radium increases, first ionisation energy decreases and electronegativity decreases down a group. (
These trends reflect the reduced hold of atoms for their outer shell electrons going down a group. ( Even though the core charge is the same, eg +1 for Group 1 for all the elements in a group, it has to act over a greater distance going down the group ( because each successive element has an extra occupied electron shell, ie the outer shell electrons are progressively further from the nucleus. (
Question 3
a. Specific Heat of water is 4.184 J mL–1 °C–1
ΔT = 29.5 – 19.3 = 10.2 °C (
Energy released = 4.184 J g–1 °C–1 × V(H2O) × ΔT
= 4.184 × 100 × 10.2

= 4.27 × 103 J (
b. m(chips) reacted = 2.954 – 2.167 = 0.787 g (
Energy released per gram = 4.27 × 103 / 0.787 = 5.42 × 103 J

Energy from 100 g = 5.42 × 103 × 100 = 5.42 × 105 J = 542 kJ (
c. The students’ method was very inefficient in that most of the heat energy released from the burning chips would be lost from the flame to the surrounding atmosphere. ( Also some energy would be used to heat the can itself and some will escape from the water because the can did not have a lid. (
d. A sample of the chips would be burnt in a calibrated bomb calorimeter. ( 
The calibration factor of the calorimeter allows for any energy lost to the surroundings and used to heat the components of the calorimeter. Thus is allows for a much more accurate answer than using the specific heat of water. (
e. Potato chips contain carbohydrates, fats and proteins, all of which release energy when burnt in a bomb calorimeter. Some of the available food may not be digested, eg. any cellulose (fibre) present. ( Also some of the digestible food may not be absorbed by the body, eg some fat is excreted in faeces, or not completely oxidised. (
Question 4
a. Naturally occurring carbon is a mixture of isotopes, namely carbon-12, carbon-13, and carbon-14. Because of the extra neutrons in their nuclei carbon-13 and carbon-14 have larger relative isotopic masses than carbon-12. ( Hence the relative atomic mass of carbon, which is the weighted average of all the relative masses of all three carbon isotopes, must be greater than 12. (
b. The fact that the relative atomic mass (12.011) is close to 12 indicates that carbon-12 is clearly the most abundant isotope ( with only very small amounts of carbon-13 and carbon-14 present.
c. Ground state configuration of 6C is 1s2 2s2 2p2
A possible excited state configuration of 6C is 1s2 2s2 2p1 3s1 (
In the ground state all electrons in the atom occupy the lowest available energy levels, (are as close to the nucleus as possible). In the excited state at least one electron is at a higher energy level (further from the nucleus) than it should be. (
d. When carbon atoms become excited electrons move from lower energy levels (closest to the nucleus), 2p, to higher energy levels (further from the nucleus), 3s or 3p etc. (
In this process energy is absorbed and the amounts absorbed show up on an absorption spectrum as black lines on a coloured (ROYGBIV) background. (
When excited carbon atoms return to their ground state, electrons move from higher energy levels to lower energy levels closer to the nucleus. (
In this process energy is emitted and the amounts emitted show up on an emission spectrum as coloured lines on a black background. (
In both spectra each line corresponds to the different in energy of the energy levels between which the electrons move. ( This energy difference is also referred to as a photon.
e. Photosynthesis: 6 CO2 (g) + 6 H2O (l) ( C6H12O6 (aq) + 6 O2 (g) (
Combustion: C (s) + O2 (g) ( CO2 (g) / CH4 (g) + 2 O2 (g) ( CO2 (g) + 2 H2O (l) etc (
Question 5
a. The cells are rechargeable because the key product of the discharge (spontaneous) reaction, ie PbSO4 (s) stays in contact with the electrodes. (
During recharging the reactions occurring at each electrode are simply the reverse of the discharging reactions, ie

(–) electrode   PbSO4 (s) + 2 e– ( Pb (s) + SO42– (aq)
(+) electrode   PbSO4 (s) + 2 H2O (l) ( PbO2 (s) + 4 H+ (aq) + SO42– (aq) + 2 e– (
b. (i)
According to the discharging reactions
Pb (s) + SO42– (aq) ( PbSO4 (s) + 2 e–
PbO2 (s) + 4 H+ (aq) + SO42– (aq) + 2 e–( PbO2 (s) + 2 H2O (l)
At each electrode n(PbSO4) produced = ½ × n(e–) involved.

Since the same electrons are involved at each electrode

Total n(PbSO4) produced = ½ × n(e–) + ½ × n(e–)

             = n(e–) (
Charge passing Q = I t
= 4.20   5.00   60

= 1.26 × 103 C (
n(e–) = Q / F
        = 1.26 × 103 / 96500

        = 0.0131 mol (
n(PbSO4) produced = 0.131 mol
m(PbSO4) produced = n(PbSO4) × M(PbSO4)
    = 0.131 mol × 303.3 g mol–1 
    = 3.96 g (
(ii)
Electrical energy E = V I t
   = V Q
   = 2.0 × 1.26 × 103
   = 2.52 × 103 J (
Question 6
a. (i)
Nitrogen is a key element in proteins. Atmospheric nitrogen is fixed by nitrogen fixing bacteria in the soil to form water soluble NH4+ ions which are taken in by plants and used in protein production.
However our consumption of protein is such that we need more nitrogen than can be naturally fixed, hence natural fixing is supplemented by the addition of artificial fertilisers such as NH4NO3. ((
(ii)
Because NH4NO3 is so soluble in water it can be washed into lakes and streams and cause eutrophication. (
b. Vitamin E acts as an antioxidant, protecting the C=C double bonds in unsaturated fats from atmospheric oxygen. (
Lecithin acts as an emulsifier, providing a chemical bridge between otherwise immiscible oil and water. (
c. The graph shows that the optimum activity for the enzyme is at around a pH of 8. At this pH the active site is available for substrate molecules to attach. (
At high and low pH the enzyme shows minimal activity. This is because it becomes denatured under those conditions. (
Denaturation occurs when the secondary and tertiary structures of an enzyme (a protein) are destroyed and the active site, previously protected by these structures, is unable to function. (
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