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Question Answer Marks 

3(a) heterogeneous AND MnO2 is in a different state / phase to the reactants / H2O2  1 

3(b)(i) M1: (expt 2 and 3) [I–]  2  initial rate  2                         so 1st order wrt [I–]  
 

M2: (expt 1 and 2) [I–]  2,  [H2O2]  0.5  initial rate  1   so 1st order wrt [H2O2]  

OR (expt 1 and 4) [I–]  4  initial rate  4 AND [H+]  4              so zero order wrt [H+] 

OR (expt 1 and 3) [I–]  4,  [H2O2]  0.5  initial rate  2              so 1st order wrt [H2O2] 
 

M3: (expt 1 and 4) [I–] x 4 ,  [H+]  4   initial rate  4   so zero order wrt [H+]  

OR (expt 3 and 4) [H2O2]  2   initial rate  2AND  [H+] x 4             so zero order wrt [H+] 
OR (expt 3 and 4) [H2O2]  2,  [H+]  4    initial rate  2              so 1st order wrt [H2O2] 
 

M4: rate = k [H2O2] [I–]  OR  rate = k [H2O2] [I–] [H+]0  

4 

3(b)(ii) M1: k = 2.42  10–3 ÷ (0.045  0.030) = 1.79 min 2sf  
 
M2: units = dm3 mol-1 s-1  

2 

3(c)(i) M1: calculation of one t1/2 = 60 s ± 5 s  
 
M2: two t1/2 calculated that are constant  

2 

3(c)(ii) k = In2 ÷ 60 = 0.0116  OR  k = 0.693 ÷ 60 = 0.0116 min 2sf  1 

3(d) increases k and increases the rate of reaction  1 

4(a) M1: potential difference / voltage / EMF AND between two half-cells / two electrodes (in a cell)  
 
M2: (at concentration of) 1 mol dm–3 AND (pressure of) 1 atm / 101 kPa AND (temperature of) 298 K / 25 °C  

2 
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Question Answer Marks 

1(a) Mg(NO3)2 → MgO + 2NO2 + ½O2  OR  2Mg(NO3)2 → 2MgO + 4NO2 + O2  1 

1(b) M1: Mg(NO3)2 / magnesium nitrate  
AND magnesium ion / Mg2+   
AND is smaller / has higher charge density  
 
M2: nitrate ion / anion is more distorted / polarised  

2 

1(c)(i) magnesium sulfate and water / MgSO4 and H2O  1 

1(c)(ii) M1: magnesium sulfate / A has a more exothermic Hlatt and Hhyd  

M2: difference in Hhyd is greater  

M3: magnesium sulfate / A has a more exothermic Hsol  

3 

   

Question Answer Marks 

2(a)(i) homolytic fission  1 

2(a)(ii) 

      

1 

2(a)(iii) 115–120o   1 

2(b) M1: 3.825  10–3 / 0.003825 / 0.00383 / 0.0038 / 3.8  10–3  
 
M2: units = mol–1 dm3 s–1  

2 

2(c) not constant half-life because overall second order  1 
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Question Answer Marks 

2(d) 8.17 / 8.2   1 

2(e) • reactants are adsorbed onto the catalyst surface 
• bonds within reactant molecules are weakened  

• products are desorbed from catalyst surface  
 
Any two [1], all three [2] 

2 

   

Question Answer Marks 

3(a)(i) two species that differ by one proton / H+  1 

3(a)(ii) H2PO4– AND PO43–  1 

3(b)(i) M1: [H+] = 2.51  10–4  
 

M2: [CH3CH2COOH] = 4.67  10–3   

2 

3(b)(ii) 3.98  10–11  1 

3(b)(iii) [HCl ] = 2.51  10–4  1 

3(b)(iv) M1: top box ticked AND weaker acid  
 
M2: alkyl group is electron donating  
 
M3: O–H bond strengthened / anion is destabilised  

3 

3(c)(i) NaOH AND CH3CH2COOH + OH– → CH3CH2COO– + H2O  1 

3(c)(ii) H2SO4 AND conjugate base of CH3CH2COOH is not present  1 

3(d)(i) 3.69  10–5   1 

 

1
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Question Answer Marks 

4(a)(i) 
 

the order of reaction with respect to [H2] 1 

the order of reaction with respect to [NO] 2 

overall order of the reaction 3 
 

1 

4(a)(ii) 
rate  

1

4
  

1 

4(a)(iii) rate  27  1 

4(a)(iv) a four-particle collision is unlikely  1 

4(a)(v) step 1 2NO  →  N2O2 
 
step 2 N2O2  +  H2  →  N2O  +  H2O 
 
step 3 N2O  +  H2  →  N2  +  H2O   

2 

4(a)(vi) intermediate formed (step 2) then used up later (step 3)  1 

4(b) k = 0.693 / 720 = 9.625  10–4   min 2sf 
AND units: s–1 

1 

4(c)(i) homogeneous   
AND Co3+ / catalyst / it is in the same phase / same state as the reactants   

1 

4(c)(ii) M1: (equation 1) 2Co3+  +  2I–  →  2Co2+  +  I2    
 
M2: (equation 2) 2Co2+  +  S2O82–  →  2Co3+  +  2SO42–  

2 

4(c)(iii) repulsion of two negative / same charge ions slows the reaction / raises EA   1 
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Question Answer Marks 

1(e)(iii) working must be shown  

 
2   0.05

 
13.15


  100 = 0.760 

1 

1(f)(i) (e)(i) / (2  106) = 6.55  10–6 (mol) 1 

1(f)(ii) (f)(i)  10 = 6.55  10–5 (mol) 1 

1(f)(iii) (f)(ii)  1.28  105 = 8.38 (mg dm–3) 1 

   

Question Answer Marks 

2(a)(i)  to increase the rate of drying / removal of (distilled) water 1 

2(a)(ii) iodine is not (very) soluble (in water) 1 

2(a)(iii) mass change is (too / very) small 1 

2(a)(iv) repeat without any iodine 1 

2(b) 
 

time / s mass of tin reacted  
/ g 

0 0.000 

100 0.069 

200 0.120 

300 0.218 

400 0.291 

500 0.359 
 

1 

2
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Question Answer Marks 

2(c)(i) M1 points plotted correctly 
 

centre of all crosses should be on line for  value. 
 
y value should be on the line for point 1, 3 
point 2, 6 – just below line / on line 
4 – midway between two lines 
5 – just above line / on line 

1 

 M2 straight line of best fit drawn 1 

2(c)(ii) most anomalous point circled 
(expected to be at time 200 s, point 3, below line of best fit) 
 
AND 
 
the balance/mass reading was taken before 200  s / too early 

1 

2(d) M1 two acceptable coordinates from line of best fit expressed in the form (x,y). 
 
M2 gradient correctly calculated from points listed for M1.  
 
answer correctly rounded to 3 significant figures. 

2 
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Question Answer Marks 

2(e)(i) 
 

volume of 
0.400 mol dm–3  

I2 solution 
used / cm3 

volume of 
methylbenzene 

used / cm3 

100.0 0.0 

75.0 25.0 

50.0 50.0 

25.0 75.0 
 

1 

2(e)(ii) [I2] 1 

2(e)(iii) M1 no 
AND 
the rate of reaction is proportional to the concentration of iodine  / a conclusion based on calculations done for M2 

1 

 M2 explained using actual values from columns 3 and 4 in Table 2.2 1 

 
  

3


