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Electrical generating plants transport large amounts of hot water through copper
pipes, and oxygen dissolved in the water can cause a major corrosion problem,
Hydrazine (N,H,) is added to avoid the problem by reacting with the oxygen:

N2Hs(aq) + O2(g) — N2(g) + 2 H0()

(a) Draw dot-and-cross diagram for hydrazine and determine the bond angle with

respect to a nitrogen atom. [2]
Bondangle: ..........coooiiiiiiinnil.
(b) Explain the data below. [3]
Compound Melting point / °C
N2H,4 1
P2H,4 -134
CH3CH;NH, -81




(c) With the use of the Data Booklet, draw an energy level diagram for the formation

of N,H, and determine the standard enthalpy change of formation of NoH,.  [3]

(d) An alternative method suggested to prevent the copper pipes from corroding is to

coat the copper pipes with a layer of aluminium oxide.

() Complete the diagram below, by filling in correct labels into the empty boxes,

to illustrate the process. [1]

]

(i) Write the half equations for reactions which occur at the anode and cathode.

(2]

[Total: 11m]



2.

The following reaction is sometimes used to produce H, needed for production of

ammonia in the Haber process.

CHa(g) + CO.(g) == 2CO(g) + 2Hx(q)

Temperature / K Kp
1200 3.75
1300 7.74

(@) (i) Write an expression for K, for the reaction. Determine the units for K, given

that the partial pressure is measured in atm. [2]

(i) What is the percentage yield of H, when an equimolar mixture of methane
and carbon dioxide with a total pressure of 20.0 atm reaches equilibrium at
1200K? [2]

(b) Van't Hoff equation shown below can be used to determine the enthalpy change
of the reaction.

In & = —% i _ i)
K, R T, T,
() Calculate the standard enthalpy change of reaction. [1]



(i) Calculate the standard change in entropy for the reaction at equilibrium.  [2]

(c) The rate equation for the reaction is found to
Rate = 1.2 x 108 [CH,][CO,]

The backward reaction will have the rate equation as:
Rate = 2.6 x 10™® [COJ*[H.]?

What is the equilibrium constant, K., for the formation of carbon monoxide and

hydrogen from methane and carbon dioxide? [2]

[Total: 9m]

3. (a) A student carried out the following experiment involving silver chloride,

silver iodide and copper (ll) ions.

Step 1:  To the solid mixture of silver chloride and silver iodide, add excess
agueous ammonia and shake.

Step 2: The solution is filtered and the residue is washed with distilled water.
The filtrate is collected and labelled as Solution X.

Step 3:  Solution X is gradually added to a diluted solution containing copper

(I1) ions.




Predict and explain the observation for Step 2 and 3. Include chemical equations

where possible. [6]

Step 2
Observation:

Explanation:

Step 3
Observation:

Explanation:

[Total: 6m]



4.

(a) The curve below shows how the volume of oxygen evolved varies with time when

50 cm?® of a 2.0 moldm™ solution of hydrogen peroxide, H,O,, decomposes at
298K.

Volume
of oxvgen

i

fem” A

Time/s

(i) State how you could use the curve to find the rate of reaction at point A. [1]

(i) Using the same axes, sketch and label the following curves:

Curve X: 100 cm?® of a 1.0 mol dm~ solution of H,O, at 298 K
Curve Y: 25 cm?® of a 2.0 mol dm~ solution of H,O, in the presence of a
catalyst at 298 K [2]

(i) Hydrogen peroxide decomposes more rapidly in the presence of aqueous
Fe®". Write equations to shown how Fe*" is able to catalyse the

decomposition of hydrogen peroxide. [2]



(v) Explain, using the Maxwell Boltzmann distribution curve, how the presence of

a catalyst leads to an increase in the rate of the reaction. [2]

[Total: 7m]

Laughing gas, N,O, can be prepared from H, and NO:

H2(g) + 2NO(g) — N20(g) + H20(9)

A study of initial concentration versus initial rate at a certain temperature yields the

following data for this reaction:

[Hy] / mol dm™

[NO] / mol dm™

initial rate / mol dm

0.1000 0.5000 2.560 x 10°®
0.2000 0.3000 1.843 x 10°®
0.2000 0.6000 7.373x10°®




(a) Determine the order of reaction with respect to H, and NO. [2]

(b) Hence determine the rate constant, k. Include the units of k in your answer.  [2]

(c) Comment on why this rate determining step is unusual. [1]

[Total: 5m]

(a) (i) Suggest a 2-step procedure to form compound P from but—1—ene. [2]
O
R
HO— Cr—C —Cy—CHg

H

Compound P
Step 1: REAGENTIS: ... e
CoNAItIONS: ... e e
Step 2: REAgENTS: ..t
CoNdItiONS: ... e



(i) What type/s of hybridization occur for C, and C,? [1]

(b) Aqueous iodine reacts with but-1-ene to produce C4H;Ol.

(i) Suggest a structural formula for the major intermediate formed. [1]
(i) Write equations to show how the product C4H-OI can be formed. [3]
[Total: 7m]
7. (@) (i) Suggest a chemical test to differentiate the following compounds. Include
observations. [2]
HOCH,

(" Y—CH,CH,CHO H0,CCHz—  )—CHZCH-CHCH;

CHyCHS
M N

10



Reagent(s):

Condition:

Observations:

COMPOUNG M e e e e e e e e e e e

(i) Indicate with an asterisk the chiral centre(s) present on compound M. [1]
(iif) Compounds which have chiral centres are known to exhibit optical activity.

Explain the term “optical activity”. [1]

(iv) Compound N also exhibit another type of stereocisomerism. lllustrate this type

of stereoisomerism by drawing the isomers of compound N. [1]

11



(b) Compound G

0
|
HO O—C—CH;
Cc—H
||
o)

Compound G is a flavouring agent in food.

Draw the displayed formula of the product(s) when it reacts with the reagents.

() Tollen’s reagent [1]

(i) aqueous NaOH [2]

(c) When compound G is added to ethanoic acid, no visible reaction is observed.
However, when compound G is added to ethanoyl chloride, a sweet-smell
evolves. Write an equation to illustrate the above reaction and hence account for

the above observations. [2]

12



(d) Consider the four compounds listed below:

A: CeHsOH C: CICH,COOH
B: CH;COOH D: CH;COCI

Arrange the compounds in order of increasing pK, values. Explain your answer.

[5]

[Total: 15m]

-END OF PAPER-
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