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4.	The oxides nitrogen monoxide (NO) and nitrogen dioxide (NO2) both contribute to atmospheric pollution.
The table gives some data for these oxides and for oxygen.
 
	 
	Sϴ / JK–1 mol–1
	∆Hfϴ / kJ mol–1

	O2(g)
	211
	0

	NO(g)
	205
	+90

	NO2(g)
	240
	+34


 
Nitrogen monoxide is formed in internal combustion engines. When nitrogen monoxide comes into contact with air, it reacts with oxygen to form nitrogen dioxide.
NO(g)    +    [image: ]O2(g)    [image: ]    NO2(g)
(a)     Calculate the enthalpy change for this reaction.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(b)     Calculate the entropy change for this reaction.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(c)     Calculate the temperature below which this reaction is spontaneous.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)


(d)     Suggest one reason why nitrogen dioxide is not formed by this reaction in an internal combustion engine.
........................................................................................................................
........................................................................................................................
(1)
(e)     Write an equation to show how nitrogen monoxide is formed in an internal combustion engine. 
........................................................................................................................
(1)
(f)      Use your equation from part (e) to explain why the free-energy change for the reaction to form nitrogen monoxide stays approximately constant at different temperatures.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(Total 10 marks)
 
5.      (a)     By reference to the forces between molecules, explain why ammonia is very soluble in water.
......................................................................................................................
......................................................................................................................
(2)
(b)     Aqueous solutions of ammonia have a pH greater than 7.
(i)      Write an equation for the reaction of ammonia with water.
.............................................................................................................
(ii)     Explain why the pH of a solution containing 1.0 mol dm–3 of ammonia is less than 
14 at 298 K.
.............................................................................................................
.............................................................................................................
(3)
(c)     An ammonium ion in aqueous solution can behave as a Brønsted–Lowry acid. State what is meant by the term Brønsted–Lowry acid.
.....................................................................................................................................
(1)


(d)     State what is meant by the term buffer solution. Identify a reagent which could be added to a solution of ammonia in order to form a buffer solution.
Buffer solution ..............................................................................................
......................................................................................................................
Reagent ........................................................................................................
(3)
(e)     An acidic buffer solution is obtained when sodium ethanoate is dissolved in aqueous ethanoic acid.
(i)      Calculate the pH of the buffer solution formed at 298 K when 0.125 mol of sodium ethanoate is dissolved in 250 cm3 of a 1.00 mol dm–3 solution of ethanoic acid.
The acid dissociation constant, Ka, for ethanoic acid is 1.70 × 10–5 mol dm–3 at 298 K.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(ii)     Write an ionic equation for the reaction which occurs when a small volume of dilute hydrochloric acid is added to this buffer solution.
.............................................................................................................
(5)
(Total 14 marks)
 
6.	In order to obtain a pH curve, you are provided with a conical flask containing 25.0 cm3 of a 0.100 mol dm–3 carboxylic acid solution and a burette filled with 0.100 mol dm–3 sodium hydroxide solution. You are also provided with a calibrated pH meter.
(a)     State why calibrating a pH meter just before it is used improves the accuracy of the pH measurement.
........................................................................................................................
........................................................................................................................
(1)


(b)     Describe how you would obtain the pH curve for the titration.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(5)
(Total 6 marks)

 7.	One cell that has been used to provide electrical energy is the Daniell cell. This cell uses copper and zinc.
(a)     The conventional representation for the Daniell cell is
Zn(s) | Zn2+(aq) | | Cu2+(aq) | Cu(s)
The e.m.f. of this cell under standard conditions is +1.10 V.
Deduce the half-equations for the reactions occurring at the electrodes.
At Zn electrode ..............................................................................................
At Cu electrode ..............................................................................................
(2)
(b)     A Daniell cell was set up using 100 cm3 of a 1.0 mol dm–3 copper(II) sulfate solution. The cell was allowed to produce electricity until the concentration of the copper(II) ions had decreased to 0.50 mol dm–3.
Calculate the decrease in mass of the zinc electrode. Show your working.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)
(c)     You are provided with the Daniell cell referred to in part (b), including a zinc electrode of known mass.
Briefly outline how you would carry out an experiment to confirm your answer to part (b).
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)
(Total 8 marks)

8.	The data in the table below show the melting points of oxides of some Period 3 elements.
 
	 
	Na2O
	P4O10
	SO2

	Tm/K
	1548
	573
	200



(a)     In terms of structure and bonding, explain why
(i)      sodium oxide has a high melting point
...............................................................................................................
...............................................................................................................
...............................................................................................................
 (2)
(ii)     sulfur dioxide has a low melting point.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
 (2)
(b)     Explain why the melting point of P4O10 is higher than the melting point of SO2
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(c)     Write equations for the reactions of Na2O and P4O10 with water. In each case give the approximate pH of the resulting solution.
Equation for Na2O..........................................................................................
pH ....................................
Equation for P4O10.........................................................................................
pH ....................................
 (4)
(d)     Write an equation for the acid–base reaction that occurs when Na2O reacts with P4O10 in the absence of water. 
........................................................................................................................
(1)
(Total 11 marks)

9.          Transition metals and their complexes have characteristic properties.
(a)     Give the electron configuration of the Zn2+ ion.
Use your answer to explain why the Zn2+ ion is not classified as a transition metal ion.
Electron configuration ..................................................................................
Explanation ..................................................................................................
......................................................................................................................
(2)
(b)     In terms of bonding, explain the meaning of the term complex.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(2)
(c)     Identify one species from the following list that does not act as a ligand. Explain your answer.
H2          O2–          O2          CO
Not a ligand..................................................................................................
Explanation ...................................................................................................
(2)


(d)     The element palladium is in the d block of the Periodic Table. Consider the following palladium compound which contains the sulfate ion.
[Pd(NH3)4]SO4
(i)      Give the oxidation state of palladium in this compound.
.............................................................................................................
(1)

(ii)     Give the names of two possible shapes for the complex palladium ion in this compound.
Shape 1 ..............................................................................................
Shape 2 ..............................................................................................
(2)
(Total 9 marks)
 
10.	Consider the following reaction scheme that starts from aqueous [Cu(H2O)6]2+ ions.
 [image: ]
green-blue precipitate                                 
For each of the reactions 1 to 4, identify a suitable reagent, give the formula of the copper-containing species formed and write an equation for the reaction.
(a)     Reaction 1
Reagent ........................................................................................................
Copper-containing species ...........................................................................
Equation ........................................................................................................
(3)
(b)     Reaction 2
Reagent ........................................................................................................
Copper-containing species ...........................................................................
Equation ........................................................................................................
(3)


(c)     Reaction 3
Reagent ........................................................................................................
Copper-containing species ...........................................................................
Equation ........................................................................................................
(3)
(d)     Reaction 4
Reagent ........................................................................................................
Copper-containing species ...........................................................................
Equation ........................................................................................................
(3)
(Total 12 marks)
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The concentration of iron(1l) ions can be determined by titration using a solution of potassium
dichromate(V1) in the presence of dilute sulphuric acid. Half-equations for the redox reactions
occurring are given below.

Fe?* —= Fe™* + o
Cr0y% + 14H* + 6 —= 2C°* + TH0

A mixture of iron(11) and iron(IlI) ions in solution was analysed by the following procedure.

A 25.0 cm? portion of the iron(I1)/ iron(Ill) solution was measured by pipette. This solution was
acidified with dilute sulphuric acid and titrated with a 0.0167 mol dm"3 solution of potassium
dichromate(V1). In this titration the dichromate(V) ions reacted with the iron(Il) ions present.

After this titration was complete, all of the iron in the mixture was present as iron(11l). An excess
of zinc was added to reduce all of the iron(IIl) in the mixture to iron(Il).

Zn + eIt —= Zn2* 4 2Fe2

After filltering to remove the unreacted zinc, the resulting solution of iron(Il) was acidified with
dilute sulphuric acid and titrated again with the 0.0167 mol dm™> solution of potassium
dichromate(V1). In this titration the dichromate(V) ions reacted with all of the iron fons present
the 25.0cm? portion of the original mixture.

‘The experiment was repeated three times and the results for all four experiments are shown in
Tables 1 and 2.





image11.png
Experiment 1 2 3 4

1835 | 1830 | 18.60 | 18.40

Table 2

Experiment 1 2 3 4

“Titre after reaction with zinc/cm] 23.55 | 23.50 | 23.60 | 23.55
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‘Write an equation for the reaction between iron(ll) ions and dichromate(V1) ions in the
presence of dilute sulphuric acid.
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Identify all of the concordant results in Table 1 and use these to determine an average titre
for the original mixture.
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Use your answer from Question 2 to calculate the amount, in moles, of iron(ll) in 25.0 cm?
of the original solution.
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(i) Identify all of the concordant results in Table 2 and use these to determine an average
titre for the solution after reaction with zing

Calculate the amount, in moles, of iron(II) and iron(111) ions present in 25.0cm? of the
original solution.
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Use your answers from Question(c)and from Question(d) sart (ii) to calculate the percentage
of iron present as iron(11) ions in the original solution.
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For the pipette and the burette, the maximum total errors are shown below. These errors.
take into account multiple measurements.

pipette + 005cm®
burette total error + 0.15em*

Estimate the maximum percentage error in using these picces of apparatus, and hence
estimate their combined error. You should use the average titre from Question 2 to estimate
the percentage error in using the burette.
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Comment on the consistency of the titration results given in Tables 1 and 2.
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According to the supplier, the original solution contained iron(Il) ions as 79.4% of the total
iron present. Calculate the difference between the value calculated in Question 5 of the
Analysis section and the supplier’s value. Express this as a percentage of the supplier’s
value.

(If you could not complete the calculation in Question 5 of the Analysis section, you should
assume a value of 81.8%. This is not the correct value.)

Difference .

Percentage..
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Explain why it is necessary to filter off unreacted zinc.
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Explain how errors could result from the filtration process.
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Relative atomic mass can be determined using a mass spectrometer.

(2) Define the term relative atomic mass.

(2 marks)
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(b) To obtain the mass spectrum of an element, a gaseous sample of the element must first
be ionised. The ions produced are then accelerated and detected.

(i) State what is used to accelerate ions in a mass spectrometer.

(i) Explain how the fons are detected in a ma

s spectromeler.





image3.png
() A sample of chlorine was placed in a mass spectrometer. In this sample of chlorine,
75% of the atoms were **Cl atoms and 25 % were *'Cl atoms.

‘The mass spectrometer detected only CI* jons and CI** fons. The spectrum
obtained contained four peaks. The diagram below is an incomplete spectrum,

showing only the peak produced by the **CI* jons.

TTT T T T T T[T T T T T [ TT T T T T[T [TTTT T77T]
0 5 10 15 20 25 30 35 40 45

(i) Label both axes on the diagram.

(ii) Complete this diagram to show the remaining three peaks in the mass spectrum
of the chlorine sample.
(5 marks)
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Draw a diagram to show how the ions are arranged in three dimensions in a crystal of
sodium chioride. Explain, in terms of bonding, why sodium chloride has a high melting
point. State and explain a condition needed for sodium chloride to conduct electricity.
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(a) Balance the equation below, in which nitric acid is formed by the reaction between
dinitrogen tetroxide and water.

N2Oy + H0 —> JHNO;5 + -NO

(1 mark)




image6.png
(b) A 150cm” sample of 1.65moldm ™ aqueous nitric acid was completely reacted with
copper. The equation for the reaction which occurred is shown below.

@

(if)

3Cu + 8HNO; —> 3Cu(NO); + 2NO + 4H;,0

Calculate the number of moles of nitric acid in 150cm’ of 1.65 moldm
aqueous nitric acid.

Calculate the number of moles, and hence the mass, of copper that would react
completely with this amount of nitric acid.

(If you have been unable to obtain an answer to part (b)(i), you should assume
that the total number of moles of nitric acid is 0.172. This is not the correct
answer.)

Moles of copper ..

Mass of copper

(5 marks)




