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Useful information

Relative atomic masses: Cl = 35.5, Fe = 56,1 = 127, Pb = 207
A Periodic Table is included.

SECTION A
Answer ALL questions in this section.

1. (a) The following table gives information on two naturally occurring isotopes of sulfur. List
the number of neutrons, electrons and protons which are found in each isotope.

Isotope Number of Number of Number of Natural abundance
P neutrons electrons protons as %
16S 95.0
16 4.2 1)

(b) Use the information in the above table and estimate the atomic mass of sulfur to two
significant figures.

(1)

(c) Why is your answer an estimate?

(1)
(Total: 3 marks)
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2. Explain the following in terms of the kinetic theory of gases.
(a) What happens to the pressure of a fixed volume of air in a bicycle tyre if the
temperature increases?
(1%2)
(b) What happens to the pressure of a fixed amount of air in a gas syringe, if at the same
temperature, its volume is halved?
(1)
(Total: 3 marks)
3. This question is about a flexible leak-proof balloon.
(a) A balloon of volume 700 dm?® was filled with helium to a pressure of 1 x 10° Nm™ at
20 °C. Calculate the number of moles of helium in the balloon.
(2)
(b) The same balloon was then allowed to ascend to an altitude where the helium pressure
decreased to 5.00 x 10* Nm™. At this pressure the balloon volume increased to 900
dm?3. Calculate the atmospheric temperature in °C at this altitude.
(2)
(Total: 4 marks)
4. (&) Write the formula of each of the following:

(b)

(i) the chloride of magnesium (V2)

(ii) the chloride of silicon ('2)

Write balanced chemical equations (with state symbols) to show what happens when
water is added to:
(i) the chloride of magnesium

(115)

(ii) the chloride of silicon

(115)

(Total: 4 marks)
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5.

(a) State which one of the following two mixtures, A and B, would react?
A: Liquid bromine added to a solution of sodium chloride in water; or
B: Chlorine gas bubbled through a solution of sodium iodide.

(1)

(b) Give reasons for your choice to part (a).

(2)

(c) Write a balanced chemical equation (with state symbols) for the mixture which reacts.

(1)

6.

(Total: 4 marks)

The following table gives the molar mass and the boiling point of three organic compounds
X, Yand Z.

Compound Molar mass in g | Boiling point in K
X. | Butan-1-ol 74 391
Y. | 2-methylpropan-1-ol 74 381
Z. | ethoxyethane 74 308

(a) Draw the chemical structures of the three compounds

X:

(115)

(b) Explain why the three compounds with the same molar mass have different boiling
points.

(242)

(Total: 4 marks)
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Five jars, each known to contain one of the five nitrates of calcium, aluminium, sodium,
silver, and zinc were stored without labels. One cation of one of the salts has been
identified and listed in the following table. Complete the table to explain how, with the use
of aqueous sodium hydroxide and aqueous ammonia, you were able to identify the other

cations in the other salts.

Addition of aqueous sodium
hydroxide to each nitrate,
dropwise and then in excess

Addition of aqueous
ammonia to each nitrate,
dropwise and then in excess

Identified cation in
compound in jar

White precipitate insoluble in
excess NaOH

White precipitate insoluble in
excess NH;

This indicates Ca**

White precipitate soluble in
excess NaOH

White precipitate insoluble in
excess NHs

No precipitate was formed

No precipitate was formed

A dark brown precipitate

A brown precipitate soluble in
excess giving a colourless
solution

White precipitate soluble in
excess NaOH

White precipitate soluble in
excess NH;

(Total: 4 marks)

8. Butanoic acid is four times more soluble in ether than it is in water. This property of
butanoic acid can be used in a technique where ether is used to separate butanoic acid from

an aqueous solution.

(a) (i) Name this separation technique (V2)
(ii) Draw and label the apparatus which is required in this separation technique.
(12)
(b) Outline the procedure in this separation technique.
(2)
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SECTION B

Answer ALL questions in this section.

9.

(a)

Lead(II) nitrate solution reacts with potassium iodide solution to form solid lead(II)

iodide. 25 cm?® of lead nitrate of concentration 1.00 moldm™ were added to the

potassium iodide solution of concentration 0.500 moldm™3.

(i) Write a balanced chemical ionic equation (with state symbols) for the reaction
between lead(II) nitrate and potassium iodide.

(1)

(ii) Calculate the number of moles of lead(II) nitrate which were used in the reaction.

(1)

(iii) Calculate the number of moles of potassium iodide which were needed to react with
the lead(II) nitrate.

(1)

(iv) Calculate the exact volume of the potassium iodide which was required for this
reaction.

(1)

(b)

Calculate the mass of lead(Il) iodide which would be precipitated if 120 cm?® of
potassium iodide solution (0.500 moldm™) are mixed with 25 cm? of lead(II) nitrate
solution (1.00 moldm™).

(2)

(Total: 6 marks)

10. The kinetics of the following reaction between gaseous hydrogen and gaseous iodine, at a
particularly high temperature, were investigated at various times by cooling the reacting
mixture and titrating any unreacted iodine with sodium thiosulfate.

(a)

H> (g9) + I (g) > HI(9)
Explain why the reaction mixture was cooled before titrating any unreacted iodine.

(V2)

(b)

Write an equation which represents the average rate of a reaction in terms of the iodine
concentration.

(2)

This question continues on the next page.
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()

In the investigation, at 120 seconds after the start of the reaction, the iodine
concentration had fallen from 1x10? moldm™ to 6.00 x10° moldm™. What is the
average rate of the reaction?

(2)

(d)

11. (@)

In the following table mark with a tick, in the appropriate space, how each of the
following conditions affects the rate of the above reaction.

Change in condition Increase the rate | Decrease the rate

Use iodine in the solid state

Use a higher temperature

Use lower pressure (12)

(Total: 6 marks)

Wine often contains some sulfur dioxide as a preservative. Sulfur dioxide has anti-

microbial properties. The amount of added sulfur dioxide can be calculated by reacting

a sample of wine with aqueous iodine.

(i) In the reaction, SO, is changed to S0.* and I, is converted to I". Write TWO half
equations which show these changes. Label each half equation as reduction or

oxidation.
(2)
(ii) Write a fully balanced equation for the reaction between sulfur dioxide and aqueous
iodine.
(1)

(b) A titration showed that the sulfur dioxide in 25.00 cm?® of a sample of wine reacted

exactly with 12 cm?of 5.00 x10~® moldm™ aqueous iodine.
(i) How many moles of sulfur dioxide were present in the wine sample?

(1)

(ii) Calculate the concentration in gdm™ of sulfur dioxide in the wine.

(115)
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(i) The acceptable range of SO, in wine is from 0.01 gdm™ to 0.25 gdm™. Comment
on the effectiveness of SO, as a preservative in the wine which has been analysed
in this case.

(V2)
(Total: 6 marks)

12. Ammonia behaves as a weak base in an aqueous solution.
(a) Draw a dot-cross diagram to show the bonding and non-bonding electron pairs in the
ammonia molecule.

(V2)
(b) Write a balanced equation for the interaction of ammonia with water.

(1)
(c) Explain why ammonia produces an alkaline solution in water.

(1)
(d) Using ammonia as an example, explain the term weak base.

(1)

(e) State whether an aqueous solution of 0.1 moldm™ ammonia has a higher or lower pH
than an aqueous solution of 0.1 moldm™ potassium hydroxide. Explain your answer.

(1)

(f) Calculate the pH of 0.1 moldm™ potassium hydroxide. State any assumption you consider.

(12)
(Total: 6 marks)
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13. The structural formula of 1-methoxybutane is
CH; - O - CH, - CH, — CH;, — CHjs
(a) Name the class of compounds of 1-methoxybutane.

(2)
(b) Draw structural isomers of this compound that illustrate:
(i) Positional isomerism
(ii) Hydrocarbon chain isomerism
(iii) Functional group isomerism
(1%2)
(c) A compound is composed of 88.9% carbon and 11.1% hydrogen by mass.
(i) What is the empirical formula of the compound?
(1)

(i) The molar mass of the compound is 54 g. What is the molecular formula of the
compound?

(1)

(iii) Draw the structure of, and name all possible isomers of the compound.

(2)
(Total: 6 marks)
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SECTION C

Answer any TWO questions from this section. Write your answers on the lined pages
of this booklet.

14. (a) “Many reactions, such as burning fuel, are irreversible ... Reversible reactions are

different. ... For example ... ammonium chloride (a white solid) can break down to form
ammonia and hydrogen chloride. It also shows that ammonia and hydrogen chloride

(colourless gases) can react to form ammonium chloride again.”
http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqga_pre_2011/chemreac/energychangesrev2.shtml|

(i) Outline the difference between a reversible and an irreversible reaction. 4)
(ii) Write a balanced equation for the burning of an alkene in a sufficient supply of
oxygen, including state symbols. (2)
(iii) Write the reaction for the decomposition of ammonium chloride, outlined above,
including state symbols. (2)
(iv) Explain the meaning of the term ‘dynamic equilibrium’. (2)

(b) The Haber Process combines nitrogen (from the air) with hydrogen (mainly from

15. (@)

(b)

natural gas, methane) into ammonia. The reaction is reversible and the production of
ammonia is exothermic.
(i) Write the equation that represents this reaction, including state symbols. (2)
(i) The value of the AH for the production of ammonia is -92 kJmol™. What is the value of AH
for the decomposition of ammonia back to nitrogen and hydrogen? Explain your answer. (2)
(i) In an experiment starting with a mixture of hydrogen and nitrogen at 400 °C, the
partial pressures of hydrogen and ammonia at equilibrium were 96 atm and 72 atm
respectively. If the value of K, for this reaction at 400 °C is 1.83 x 10™* atm™, find
the partial pressure of nitrogen in the equilibrium mixture. (4)
(iv) Explain what happens if the temperature is raised to 600 °C. (2)
(Total: 20 marks)

Explain each of the following terms:

(i) oxidation and reduction (in terms of electron exchange); (2)
(ii) standard solution. (2)
Calculate the volume of 0.625 moldm™ sodium hydroxide solution needed to neutralise
completely 25cm?® of a 0.5 moldm™ hydrochloric acid solution. (4)

(c) A mass of 3.0 g of a mixture containing iron(II) chloride was shaken with dilute sulfuric

acid. The resulting solution required 25.0 cm?®of 0.02 moldm™ potassium
permanganate to oxidise the Fe®'ions in the solution to Fe3* ions. The two half
equations involved in this redox reaction are:
MnO, + 8H* + 5¢" > Mn?** + 4H,0
Fe?* > Fe3* + e

(i) Write the equation for the overall redox reaction. (2)
(ii) Calculate the number of moles of permanganate used in the reaction. (3)
(iii) Calculate the number of moles of Fe?* ions involved in the reaction. (2)
(iv) Calculate the mass of iron(II) chloride present. (3)
(v) Calculate the percentage (by mass) of iron(II) chloride in the mixture. Give your

answer to two places of decimal. (2)

(Total: 20 marks)
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16. (a) Consider the following table with the values of the enthalpy change of combustion of
carbon, hydrogen and benzene respectively.

AH°. (kJmol™?)
C(s) -394
Ha(9) -286
CeHs(1) -3267

(i) Write the equations corresponding to the enthalpy change of combustion of carbon,

hydrogen and benzene respectively. (3)

(ii) Write the equation corresponding to the enthalpy change of formation of benzene. (1)

(iii) Draw a Hess’ cycle that joins the four chemical equations needed to calculate the

enthalpy of formation of benzene. 4)

(iv) Calculate the enthalpy of formation of benzene. (4)

(b) Ethane reacts with chlorine to give chloroethane and hydrogen chloride. All reactants

and products are gases. The table below gives the relevant bond enthalpy terms of the
bonds involved in this reaction.

Bond | Bond enthalpy term (kJmol™)
C-H 413
Cl-Cl 243
c-c 346
H-Cl 432
(i) Write the chemical equation for the reaction between ethane with chlorine. (1)
(ii) Write the chemical equation for the reaction between ethane and chlorine using
structural formulae. (2)
(iii) Calculate the enthalpy change of the reaction between ethane and chlorine. (5)

(Total: 20 marks)

17. Explain each of the following statements, illustrating your answer with suitable examples.

(a) There are aliphatic and aromatic hydrocarbons. (4)
(b) Benzene and aromatic hydrocarbons have a stable delocalised structure. (4)
(c) There are alkanes, alkenes and alkynes; some undergo substitution reactions while
others undergo addition reactions. (6)
(d) Markownikov’s Rule predicts the position of X in the addition of HX to unsymmetrical
alkenes. (6)

(Total: 20 marks)
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