“Not enough speed”

YEAR 13 UNIT 4 TEST 1

13.1 KINETICS

Answer all questions

Spend approx 10 minutes on Section A, 30 minutes on section B and 20 minutes on Section C

BAHATI NJEMA!

Name:………………………………………………………….

Mark for section A…………… /10

Mark for section B…………… /35

Total: ……………………………. /50

Grade……..

SECTION A

Answer these questions in the grid on page 4 of the question paper

For questions 1 - 6 one or more of the options given may be correct. Select your answer by means of the following code:
A
if (1), (2) and (3) only are correct

B
if (1) and (3) only are correct

C
if (2) and (4) only are correct

D
if (4) alone is correct

	Directions summarized

	A
	B
	C
	D

	(1), (2) and (3)
only correct
	(1) and (3)
only correct
	(2) and (4)
only correct
	(4) only
correct


1.
The following information concerns the gas-phase reaction of nitrogen monoxide with hydrogen.

2NO(g) + 2H2(g) ( N2(g) + 2H2O(g)


A series of experiments was carried out in a reaction vessel at constant temperature.
The initial rate of reaction increased by a factor of 2 when the initial pressure of NO was doubled and that of H2 was halved.
The initial rate decreased by a factor of 2 when the initial pressure of H2 was doubled while that of NO was halved.
When both pressures were halved, the initial rate fell by a factor of 8.


Which of the following assertions is/are true?

(1)
The overall order of reaction is 2.

(2)
The reaction is first order in hydrogen.

(3)
The reaction is first order in nitrogen monoxide.

(4)
The overall order of reaction is 3.
	
	
	
	
	
	
	
	
	Answer:
	


2.
The reaction

2A + B ( C + D


is second order with respect to A. When the concentrations of A and B are both doubled. the rate of reaction increases by a factor of four.  Which statement(s) below is/are true?

(1)
The overall reaction is third order.

(2)
The reaction is first order with respect to B.

(3)
The units of the rate constant are dm6mol–2s1
(4)
The units of the rate constant are dm3mol–1s–1

	
	
	
	
	
	
	
	
	Answer:
	


3.
Which of the following is/are always correct about the effect on a reaction of increasing the temperature?

(1)
It shifts the equilibrium to the right.

(2)
It reduces the enthalpy of reaction.

(3)
It reduces the activation energy.

(4)
It increases the rate constant.

	
	
	
	
	
	
	
	
	Answer:
	


4.
The rate equation for a certain reaction is given below:

rate = k[X] [Y]2
Which of the following would make the initial rate of the reaction at least 8 times faster?

	
	Change of concentration of X
	Change in concentration of Y

	(1)
	Doubled
	no change

	(2)
	Doubled
	doubled

	(3)
	no change
	doubled

	(4)
	no change
	trebled


	
	
	
	
	
	
	
	
	Answer:
	


5.
For the reaction

A(aq) + B(aq) ( X(aq)

the rate equation is

rate = k[H+(aq)][B(aq)]2

Which of the following is/are true?

(1)
H+ ions could catalyse this reaction.

(2)
The reaction is first order with respect to A.

(3)
The units of the rate constant are mol–2 dm6 s–1.

(4)
If the experiment is repeated under the same conditions but the concentration of B is tripled the initial rate will increase by a factor of six.

	
	
	
	
	
	
	
	
	Answer:
	


6.
The rate of the reaction

A
+ 2B ( products


doubles when the concentration of A is doubled while that of B is halved, and falls by a factor of two when the concentration of A is halved while that of B is doubled.

Which of the following is/are true for this reaction?

(i)
The reaction is first order with respect to A.

(ii)
The reaction is second order with respect to A.

(iii)
The reaction is second order with respect to B.

(iv)
The reaction is first order with respect to B.

	
	
	
	
	
	
	
	
	Answer:
	


7.
A reaction between X and Y is third order overall. Which of the following rate equations must be incorrect?


A

rate = k[X][Y]3


B

rate = k[X][Y]2

C
rate = k[X] 2[Y]


D
rate = k[X]2[Y][Z]0
	
	
	
	
	
	
	
	
	Answer:
	


Questions 8 – 10 concern an experiment to determine the initial rate of reaction between ammonium peroxydisulphate, (NH4)2S2O8, and potassium iodide.

A series of experimental runs was carried out. In these exactly 10 cm3 of 0.005 moldm-3 sodium thiosulphate along with a few drops of starch solution were placed in a conical flask and 20 cm3 each of the (NH4)2S2O8 solution and KI solution were poured into this together. The flask was swirled and a stop-clock started. The time taken for the solution to darken was noted.

The initial concentrations of the (NH4)2S2O8 and KI solutions in the mixture together with the times to darken, for the various experimental runs, are shown below:

	
	Initial concentrations/ moldm-3
	Times to darken /s
	

	
	(NH4)2S2O8
	KI
	
	

	
	0.10
	0.20
	35
	

	
	0.05
	0.20
	69
	

	
	0.03
	0.20
	103
	

	
	0.10
	0.10
	70
	

	
	0.10
	0.067
	104
	


8.
The purpose of the sodium thiosulphate is to

A
react with some iodine

B

react with some potassium iodide


C
react with some peroxydisulphate


D
catalyse the overall reaction


E

act as an oxidizing agent

	
	
	
	
	
	
	
	
	Answer:
	


9.
A rate equation which would be consistent with the given data would be

A
rate = k[S2O82-]

B

rate = k[I-]


C
rate = k[I-][S2O82-]


D
rate = k[I-]2[S2O82-]


E

rate = k[I-][S2O82-]2

	
	
	
	
	
	
	
	
	Answer:
	


10.
In a further experimental run, the initial concentrations were:



peroxydisulphate 0.10 moldm-3



iodide 0.15 moldm-3

The expected time, in seconds, for the appearance of the dark colour would be


A

36

B

47


C
71


D
87

	
	
	
	
	
	
	
	
	Answer:
	


SECTION B

11.
(a)
The following data were obtained in a series of experiments on the rate of the reaction between compounds A and B at a constant temperature.

	Experiment
	Initial concentration of A/mol dm–3
	Initial concentration of B/mol dm–3
	Initial
rate/mol dm–3 s–1

	1
	0.15
	0.24
	0.45 × 10–5

	2
	0.30
	0.24
	0.90 × 10–5

	3
	0.60
	0.48
	7.20 × 10–5


(i)
Show how the data in the table can be used to deduce that the reaction is first-order with respect to A.

......................................................................................................................

......................................................................................................................

(ii)
Deduce the order with respect to B.

......................................................................................................................

......................................................................................................................

(2)

(b)
The following data were obtained in a second series of experiments on the rate of the reaction between compounds A and B at a constant temperature.

	Experiment
	Initial concentration of A/mol dm–3
	Initial concentration of B/mol dm–3
	Initial
rate/mol dm–3 s–1

	4
	0.75
	1.50
	9.30 × 10–5

	5
	0.20
	0.10
	To be calculated



The rate equation for this reaction is

rate = k[A]2[B]
(i)
Use the data from Experiment 4 to calculate a value for the rate constant, k, at this temperature. State the units of k.

Value for k ....................................................................................................

.......................................................................................................................

.......................................................................................................................

Units of k ......................................................................................................

.......................................................................................................................

(ii)
Calculate the value of the initial rate in Experiment 5.

......................................................................................................................

......................................................................................................................

......................................................................................................................

(4)

(Total 6 marks)

12.
(a)
A chemical reaction is first order with respect to compound X and second order with respect to compound Y.

(i)
Write the rate equation for this reaction.

.........................................................................................................................
(ii)
What is the overall order of this reaction?

.........................................................................................................................
(iii)
By what factor will the rate increase if the concentrations of X and Y are both doubled?

.........................................................................................................................
(4)

(b)
The table below shows the initial concentrations of two compounds, A and B. And also the initial rate of the reaction that takes place between them at constant temperature.

	Experiment
	[A]/mol dm–3
	[B]/mol dm–3
	Initial rate/mol dm–3 s–1

	1
	0.2
	0.2
	3.5 × 10–4

	2
	0.4
	0.4
	1.4 × 10–3

	3
	0.8
	0.4
	5.6 × 10–3


(i)
Determine the overall order of the reaction between A and B. Explain how you reached your conclusion.

Overall order of reaction ................................................................................
Explanation .....................................................................................................

.........................................................................................................................
 (ii)
Determine the order of reaction with respect to compound B. Explain how you reached your conclusion.

Order with respect to B ...................................................................................
Explanation .....................................................................................................
.........................................................................................................................
(iii)
Write the rate equation for the overall reaction.

.........................................................................................................................
(iv)
Calculate the value of the rate constant, stating its units.

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................

(7)

(Total 11 marks)

13.
The rate equation for a reaction between substances A, B and C is of the form: 

rate = k[A]x[B]y[C]z

 where x + y + z = 4

The following data were obtained in a series of experiments at a constant temperature.

	Experiment
	Initial concentration of A/mol dm–3
	Initial concentration of B/mol dm–3
	Initial concentration of C/mol dm–3
	Initial rate/ 
mol dm–3 s–1

	1
	0.10
	0.20
	0.20
	8.0 × 10–5

	2
	0.10
	0.05
	0.20
	2.0 × 10–5

	3
	0.05
	0.10
	0.20
	2.0 × 10–5

	4
	0.10
	0.10
	0.10
	to be
calculated


(a)
Use the data in the table to deduce the order of reaction with respect to A and the order of reaction with respect to B. Hence deduce the order of reaction with respect to C.
Order with respect to A.............................................................................................
..................................................................................................................................
Order with respect to B............................................................................................
..................................................................................................................................
Order with respect to C.............................................................................................
(3)

 (b)
Calculate the value of the rate constant, k, stating its units and also the value of the initial rate in experiment 4.

Value of k..................................................................................................................
..................................................................................................................................
Units of k..................................................................................................................
..................................................................................................................................
Initial rate .................................................................................................................
(4)

(c)
How does the value of k change when the temperature of the reaction is increased?

..................................................................................................................................
(1)

(Total 8 marks)

14.
(a)
The following table shows the results of three experiments carried out at the same temperature to investigate the rate of the reaction between compounds P and Q.

	
	Experiment 1
	Experiment 2 
	Experiment 3

	Initial concentration of P/mol dm3
	0.50
	0.25
	0.25

	Initial concentration of Q/mol dm3
	0.36
	0.36
	0.72

	Initial rate/mol dm3s1
	7.6 x 10 - 3
	1.9 x 10 - 3
	3.8 x 10 - 3



Use the data in the table to deduce the order with respect to P and the order with respect to Q.


Order with respect to P ............................................................................................

Order with respect to Q ............................................................................................
(2)

(b)
In a reaction between R and S, the order of reaction with respect to R is one, the order of reaction with respect to S is two and the rate constant at temperature T1 has a value of 4.2 × 10–4 mol–2 dm6 s–1.

(i)
Write a rate equation for the reaction. Calculate a value for the initial rate of reaction when the initial concentration of R is 0.16 mol dm–3 and that of S is 
0.84 mol dm–3.


Rate equation .................................….............................................................

Calculation ......................................................................................................
........................................................................................….............................
(ii)
In a second experiment performed at a different temperature, T2, the initial rate of reaction is 8.1 × 10–5 mol dm–3s–1 when the initial concentration of R is 
0.76 mol dm–3 and that of S is 0.98 mol dm–3. Calculate the value of the rate constant at temperature T2.

........................................................................................….............................
........................................................................................….............................
........................................................................................….............................
(iii)
Deduce which of T1 and T2 is the higher temperature.

........................................................................................….............................
(6)

(Total 8 marks)

15.
(a)
The initial rate of the reaction between compounds A and B was measured in a series of experiments at a fixed temperature. The following rate equation was deduced.

rate = k[A][B]2
(i)
Complete the table of data below for the reaction between A and B.

	Expt
	Initial [A]
/mol dm–3
	Initial [B]
/mol dm–3
	Initial rate
/mol dm–3 s–1

	1
	4.80 × 10–2
	6.60 × 10–2
	10.4 × 10–3

	2
	4.80 × 10–2
	3.30 × 10–2
	

	3
	
	13.2 × 10–2
	5.20 × 10–3

	4
	1.60 × 10–2
	
	10.4 × 10–3


(ii)
Using the data for experiment 1, calculate a value for the rate constant, k, and state its units.

Calculation ………..………………………………………….……………….

...........………………………………………………………………………….

Units .………………………………………………………………………….

(6)

(b)
State how the value of the rate constant, k, would change, if at all, if the concentration of A were increased in a series of experiments.

.....................………………………………………………………………………….

(1)

(Total 7 marks)
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