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OCR (A) A2 Chemistry

4 Rates, equilibria and pH

1
(a)
(i)
2H2 + 2NO ( N2 + 2H2O (  or  H2 + NO ( ½N2 + H2O (


(ii)
The H2 has been oxidised because its oxidation number has increased (, and therefore, the NO ( must have been the oxidising agent.


(b)
Rate = k[H2(g)][NO(g)]2


3.6 ( 10–2 = k(1.2 ( 10–2)(6.0 ( 10–3)2


3.6 ( 10–2 = k(1.2 ( 10–2)(3.6 ( 10–5)



3.6 ( 10–2 = k(4.32 ( 10–7)



k = 3.6 ( 10–2/(4.32 ( 10–7) ( = 83 333.3 ( = 8.3 ( 104 or 83 000 to two significant figures (


The reaction is overall third order so the units are mol–2 dm6 s–1 or dm6 mol–2 s–1 (

(c)
(i)
1st order with respect to [H2], ( rate triples (


(ii)
2nd order with respect to [NO], ( rate changes by (½)2 = ¼ = 0.25 (


(iii)
Rate increase by a factor of 2 because [H2] was doubled and also increases by factor of 4 because [NO]2 was doubled, hence rate increases by factor of 8 (

(d)
(i)
Rate = k[N2O5] (


(ii)
The rate-determining step is the slowest step in the mechanism. (


(iii)
There is no correct answer to this and you will be awarded the marks if the slow step uses just 1 mole of N2O5 and the two steps add up to the balanced equation. Both mechanisms below (although very different) would get all three marks.


Alternative 1:


1N2O5 ( 2NO2 + O


slow step (RDS) (

O + 1N2O5 ( 2NO2 +
O2

fast step (

2N2O5 ( 4NO2 + O2


balanced equation (

Alternative 2:


1N2O5 ( N2O3 + O2


slow step (RDS) (

N2O3 + 1N2O5 ( 4NO2

fast step (

2N2O5 ( 4NO2 +
O2

balanced equation (
2
(a)
When a system at equilibrium is subjected to a change, the system will move in such a way as to try to minimise the effect of the change. (

(b)
(i)
The equilibrium moves to the right ( because it favours the endothermic forward reaction. (


(ii)
No effect ( because there are an equal number of moles of gas on both sides. (


(iii)
Catalysts speed up the forward and the reverse reactions equally (and therefore have no effect on the position of the equilibrium. (

(c)
Kc = [HI]2/[H2][I2] (


There are no units. (

(d)
(i)


H2(g)
+
I2(g)
⇌
2HI(g)





Initial mol
0.5

0.18

    0





Final mol


0.010





It follows that 0.17 mol of I2 reacted and therefore 0.17 mol of H2 also reacted. (




Hence the mol of H2 left is 0.5 ( 0.17 = 0.33 mol. (




For each mol of I2 and H2 that react, 2 mols of HI are formed, therefore the equilibrium amount of 2 ( 0.17 = 0.34 mol. ( Kc is measured in terms of concentration, therefore each of the equilibrium amounts must be converted to 
mol dm–3. (It is good practice to do this as the value of Kc will be different if the number of moles of reagent and number of moles of products are not the same.)




I2 = 0.01/0.5 = 0.02 mol dm–3




H2 = 0.33/0.5 = 0.66 mol dm–3




HI = 0.34/0.5 = 0.68 mol dm–3




Kc = (0.68)2/(0.02)(0.66) = 35 ((


(ii)
Kc only changes if the temperature is changed. ( A change in volume results in the pressure changing but the position of the equilibrium moves to minimise this change and Kc remains constant. ( This can be illustrated by calculating the concentration of each chemical:





I2 = 0.01/1 = 0.01 mol dm–3





H2 = 0.33/1 = 0.33 mol dm–3





HI = 0.34/1 = 0.34 mol dm–3





Kc = (0.34)2/(0.01)(0.33) = 35





Which illustrates that Kc remains constant.

3
(a)
(i)
Empirical formula: 

	C
	:
	H
	:
	O
	

	40/12
	:
	6.7/1
	:
	53.3/16
	

	3.33
	:
	6.7
	:
	3.33 (
	

	1
	:
	2
	:
	1
	= CH2O (




(ii)
CH2O has a mass = 12 + 2 + 16 = 30





therefore empirical mass ( 2 = molecular mass





hence molecular formula = C2H4O2 (

(b)
Moles of HA = 1.20/60 = 0.02 mols (


Concentration of [HA] = 0.02/(250/1000) =0.08 (


Ka = [H+][A–]/[HA] = [H+]2/HA



[H+]2 = Ka ( [HA]



[H+]2 = (1.7 ( 10–5) ( 0.08 = 1.36 ( 10–6 (


H+ = √1.36 ( 10–6 = 1.167 ( 10–3 (


pH = –log10[H+] = –log10(1.167 ( 10–3) = 2.93 (

(c)
(i)
Kw = [H+][OH–] = 1.0 ( 10–14 (




[H+][0.05] = 1.0 ( 10–14




[H+] = 1.0 ( 10–14/0.05 = 2.0 ( 10–13




pH = –log10[H+] = –log10 2.0 ( 10–13 = 12.7 (


(ii)
HA
+
NaOH
(
NaA
+
H2O





1 mole
:
1 mole (




moles of HA = moles of NaOH , n = cV = 0.04 ( 25/1000 = 0.001 (




volume of NaOH = V = n/c = 0.001/0.05 = 0.02 dm3 = 20 cm3 (


(iii)
The marking points for the sketch would be: correct labels including units, ( initial and final pH approximately correct, ( correct shape, rapid change in pH from about 7–12 after the addition of 20 cm3 of NaOH. (
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2

vol of NaOH(aq) / cm*





(d)
Thymol blue (base) ( would be the best indicator because it changes colour in the pH region 8.0–9.6, which matches the rapid change in pH for this reaction.( It would change from yellow to blue so the end-point would be green.(
4
(a)
(i)
pH = –log10 [H+] (


(ii)
pH = –log10(8.0 ( 10–2) = 1.1 (

(b)
(i)
3HCl + Al(OH)3 ( AlCl3 + 3H2O (


(ii)
This is quite a difficult question and is perhaps intended as one of the stretch-and-challenge parts that are included to test the best students. 





The mark scheme would have given a mark for converting both pH values to concentrations of H+. Two marks would have been awarded for working out the amount, in mol, of H+ that would need to be neutralised. The fourth mark would be given for the moles of Al(OH)3 required and the final mark would be awarded for the mass of Al(OH)3:





A pH of 2 means [H+] = 10–2 or 0.01 mol dm–3 and a pH of 1.3 means 
[H+] = 10–1.3 = 0.05 mol dm–3 (




Therefore 0.04 mol of HCl have to be neutralised for each 1 dm3 of 
gastric juice (




The patient produces 2 dm3 of gastric juice hence, 0.08 mol of HCl have to be neutralised by the Al(OH)3 (




3HCl + Al(OH)3 ( AlCl3 + 3H2O 





Therefore 0.08/3 mol of Al(OH)3 are needed = 0.0267 mol (




1 mol of Al(OH)3 = 78 g





So mass of Al(OH)3 needed is 0.0.267 ( 78 = 2.08 g (

(c)
The addition of H+ causes the HCO3– ion to convert to CO2 as the equilibria move to the right. (


HCO3– + H+ ⇌ H2CO3 ⇌ CO2 + H2O (


So this allows any excess acid to be partly controlled



The addition of alkali removes H+ and the equilibria then move to the left to try to restore  the H+ (
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