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Hydrogen peroxide reacts with iodide ions in acid conditions, as shown below.
H,0,(aq) + 2I(aq) + 2H"(aq) — I(aq) + 2H,0(l)

A student investigates the rate of this reaction by carrying out four experiments at the same
temperature. The student’s results are shown below.

Exporiment | 25T | molames | /molamts | /mol am-3a-
1 0.0010 0.20 0.10 5.70 x 1076
2 0.0020 0.20 0.10 1.14 x 107
3 0.0020 0.20 0.20 1.14 x 1073
4 0.0040 0.40 0.10 4.56 x 107
(@) The rate equation is: rate = k [H,O,(aq)] [I(aq)]

. Show that the student’s results support this rate equation.
. Calculate the rate constant, k, for this reaction.
Give your answer to two significant figures, in standard form and with units.

‘{/ In your answer you should make clear how the experimental results provide evidence for the
rate equation. [6]

(b) The student concluded that H*(aq) ions act as a catalyst.

Explain why the student’'s conclusion is not correct. [1]

(c) A four-step mechanism has been proposed for this reaction.
The rate-determining step is the first step.

(i) State what is meant by the term rate-determining step. [1]
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(c) A four-step mechanism has been proposed for this reaction.
The rate-determining step is the first step.

(i) State what is meant by the term rate-determining step. [1]

(ii) The equation for Step 3 in the four-step mechanism is shown below.

Suggest equations for the other three steps.
State symbols are not required.

Step 1:
Step 2:
Step3: HIO + I'—I, + OH™

Step 4:
(3]

[Total: 11 Marks]
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lodide ions, I, react with 82082— ions as shown in the equation below.

2I(aq) + $,05”(aq) —> Ijaq) + 250 2;(aq)

A student investigates the rate of this reaction using the initial rates method.

The student measures the time taken for a certain amount of iodine to be produced.

(a)

rd

(b)

Outline a series of experiments that the student could have carried out using the initial rates
method.

How coulg the results be used to show that the reaction is first-order with respect to both I~
and S,0 <7
2
8

In your answer you should make clear how the results are related to the initial rates. 4]

In one of the experiments, the student reacts together:

+  8.0x10Zmoldm=3I(aq)
+ 4.0 x 102 moldm=3S,042(aq).

The initial rate of this reaction is 1.2 x 103 moldm=3s~".
The reaction is first-order with respect to I~ and first-order with respect to S,04%".

Calculate the rate constant, k, for this reaction.
State the units, if any. 3]
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(c) This reaction between I'ions and SO, 2~ jons can be catalysed by either Fe2*(aq) ions or
Fe3*(aq) ions.

Standard electrode potentials are shown below.

S,04%27(aq) + 2e- = 2S0,2(aq) E®=+2.01V
Fed*(aq) + e~ = FeZ*(aq) E® =+0.77V
L{aq) + 2e~ S 2T (aq) E*® =+0.54V

(i) Using this information, write two equations to show how the reaction of I"ions and
S,042" ions can be catalysed by Fe?*ions.

[2]

(i) Suggest why the reaction of I" ions and 82082‘ ions is also catalysed by Fe3*ions.  [1]

[Total 10 Marks]
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Methanoic acid and bromine react as in the equation below.
Br(aq) + HCOOH(aq) — 2H*(aq) + 2Br(aq) + COa(g)

A student investigates the rate of this reaction by monitoring the concentration of bromine over time. The
student uses a large excess of HCOOH to ensure that the order with respect to HCOOH will be
effectively zero.

From the experimental results, the student plots the graph below.
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(a) Suggest how the concentration of the bromine could have been monitored.

[1]
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(b) Suggest a different experimental method that would allow the rate of this reaction to be followed (1]
over time.

(¢) Why would use of excess HCOOH ensure that the order with respect to HCOOH is effectively zero? [1]

(d)* Using the graph, determine
e the initial rate of reaction

e the rate constant.

Your answer must show full working using the graph and the lines below as appropriate. [6]

[Total: 9 Marks]



