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A-Level Chemistry: w25 13

Important values, constants and standards

molar gas constant

R=8.31JK " 'mol™

Faraday constant

F=9.65x 10*Cmol™

Avogadro constant

L =6.02 x 10®mol™’

electronic charge

e=-1.60x107"C
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CHa(g) + 2H.0(g) — COx(g) + 4Hx(9)
0.80g of methane and 1.35g of steam react. One of the reactants is used up.

Which volume of hydrogen, measured at room conditions, will be produced?

A 1.80dm? B 3.60dm® C 4.80dm® D 7.20dm?

A 1and3 B 1only C 2only D 3only

3 What contains 9.03 x 10 oxygen atoms?
A 0.25mol aluminium oxide
B 0.75mol sulfur dioxide
C 1.5mol sulfur trioxide
D 3.0mol water
4 Methane and steam react to produce hydrogen.
17 Three equations are listed. x, y and z are all whole numbers.
1 XAl + yOZ el ZAZZO3
2 xMg + yO, - zMgO
3 xNa + yO, —» zNa,O
Which equations can be balanced if x =4 and z = 2?
40

A sample of magnesium contains the isotopes Mg, ?Mg and Mg only.
The percentage abundance of Mg and **Mg is the same.
The relative atomic mass of magnesium in the sample is 24.3.

What is the percentage abundance of *Mg?

A 10% B 20% C 60% D 80%

molar volume of gas

Vi = 22.4dm*mol™ at s.t.p. (101 kPa and 273K)
Vi = 24.0dm®*mol™" at room conditions

ionic product of water

Ky = 1.00 x 10" mol?dm™™ (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg" K" (4.18Jg7'K™)
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(d) Fig. 3.2 shows a reaction cycle involving cyclopentane, cyclopentene and C;H,Cl.

O

AH,
reaction 1 reaction 2
H, Ch
_ -1
AH4 = -53kJmol ci
—»
reaction 3

Fig. 3.2

(i) Identify a suitable reagent for reaction 3.

(ii) Use the data in Fig. 3.2 and in Table 3.1 to calculate the enthalpy change of reaction 2,
AH,,.

Table 3.1

enthalpy change of

compound combustion, AH_/kJmol"

-3292

O
Yy

H, 286

F S kdmol-" [2]
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(e) Cyclopentene, CzHg, reacts with hot concentrated acidified KMnO, to form compound W,
C:H,0,.
5'18~4

(i) Draw the structure of W.

(1]
(ii) The infrared spectrum of W is shown in Fig. 3.3.

100

transmittance /% 50

0 e —
4000 3000 2000 1500 1000 500
wavenumber/cm™"

Fig. 3.3

Identify two absorptions in the infrared spectrum of W that would not be present in the
infrared spectrum of cyclopentene.

*  Write 1 or 2 on Fig. 3.3 against each of these two absorptions.
*  Complete Table 3.2 to show which bond is responsible for each absorption that you
have identified in Fig. 3.3.

Table 3.2

absorption 1 2

bond responsible

(2]
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Table 3.3
bond | functional groups containing the bond characte_nstlc infrared absorpt|_c1)n range
(in wavenumbers)/cm

C-O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680

amide 1640-1690
C=0 | carbonyl, carboxyl 1670-1740

ester 1710-1750
C=N | nitrile 2200-2250
C—-H | alkane 2850-2950
N—-H | amine, amide 3300-3500
O-H carboxyl 2500-3000

hydroxy 3200-3650

[Total: 13]
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Hydrated ethanedioic acid is a diprotic acid with the formula (COOH),*xH,0O where x is an integer.

Ethanedioic acid reacts with manganate(VII) ions when heated.

5(COOH),(aq) + 2MnO,~(aq) + 6H*(ag) — 10COL(g) + 2Mn?*(aq) + 8H,O(l)

You will determine the value of x in (COOH),*xH,0 by titrating a solution containing ethanedioic
acid with manganate(VII) ions.

(@

FA 1 is 6.20gdm™3 aqueous ethanedioic acid, (COOH),*xH,0.
FA 2 is 0.0200 moldm=2 potassium manganate(VII), KMnO,.
FA 3 is 1.0moldm=3 sulfuric acid, H,S0,.

Method

e  Fill the burette with FA 2.

e Pipette 25.0cm? of FA 1 into a conical flask.

e Use the measuring cylinder to add approximately 20 cm?® of FA 3 to the conical flask.

e Place the conical flask on a tripod and gauze and heat carefully until the temperature of

the solution is approximately 70 °C.

Remove the flame.

Carefully lift the hot conical flask and place it on the white tile under the burette.

Add FA 2 drop-wise for the first 2-3cm?3. Any initial pink colouring may take several
seconds to disappear.

If the reaction mixture turns brown, reheat it to about 70 °C. If the brown colour disappears,
continue the titration. If the brown colour remains, discard the contents of the flask and
begin a new titration.

The end-point is reached when a permanent pale pink colour is formed.

Perform a rough titration with FA 2. Record your burette readings in the space below.

The rough titre is ........ccceeveveceeenne. cm?d.

Carry out as many titrations as you think necessary to obtain consistent results.
Make sure any recorded results show the precision of your practical work.
Record all your burette readings and the volume of FA 2 added in each accurate titration.
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Results

VI

Vil

(71

(b) From your accurate titration results, calculate a suitable mean value to be used in your
calculations.

Show clearly how you obtained this value.

25.0cm3 of FA 1 required ..........ccocoveveveuennnne cmi of FA2. [1]

(c) Calculations

(i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to the appropriate number of significant
figures. [1]
(i) Calculate the amount, in mol, of manganate(VII) ions, MnO,~, in the volume of FA 2
calculated in (b).
amount of MNO,™ = i, mol [1]
(iii) Calculate the amount, in mol, of ethanedioic acid that reacts with the manganate(VII)
ions in (c)(ii).
amount of (COOH), = .....coiiiiiiiiiins mol
Hence calculate the concentration, in moldm=3, of ethanedioic acid in FA 1.
concentration of (COOH), = .......ccooviiiiiininiinnns moldm™3
[2]
(iv) Calculate the relative molecular mass, M,, of the ethanedioic acid in FA 1.
M= i [1]
(v) Calculate the value of x in (COOH),*xH,0.
Show your working.
X = e [1]
(d) Explain why it is necessary to add FA 3 in each titration.
............................................................................................................................................. [1]
[Total: 15]



