STAV
2004
CHEMISTRY
Unit 3 Exam
Section A – Multiple Choice
Question 1

Which of the following is not a criterion for choosing a suitable material to use as a primary standard in acid/base volumetric analysis?
A. It should have a relatively high molar mass.
B. It should be anhydrous.

C. It should not react with the air.

D. It should have a relatively high solubility in water.
Questions 2 and 3 refer to the following information
Iron pyrites, FeS2, can be heated in air to produce iron(III) oxide according to the equation

4 FeS2 (s) + 11 O2 (g) ( 2 Fe2O3 (s) + 8 SO2 (g)
The sulfur dioxide can be converted  to sulfur trioxide and eventually into sulfuric acid.
Question 2

The percentage of iron in iron pyrites, FeS2 is
A. 33.3%
B. 46.5%

C. 63.5%

D. 77.3%
Question 3

Assuming complete conversion of sulfur dioxide into sulfuric acid, the maximum mass, in tonne, of sulfuric acid produced from 1.00 tonne (106 g) of iron pyrites is
A. 0.817
B. 1.00

C. 1.07

D. 1.63
Question 4

Iron(III) sulfide,Fe2S3, reacts with hydrochloric acid according to the equation
Fe2S3 (s) + 6 HCl (aq) ( 2 FeCl3 (aq) + 3 H2S (g)
If 20.8 g of Fe2S3 is combined with 1.50 L of 0.500 M HCl the expected maximum volume of H2S gas evolved, at SLC, is approximately
A. 2.45 L
B. 7.35 L

C. 9.19 L

D. 18.4 L
Question 5

The label on a bottle of cleaning agent claims that the product contains 1.25 % m/v sodium hydroxide. From this information, the mass, in g, of hydroxide ions in a 750 mL bottle would be
A. 0.531
B. 3.98

C. 5.39

D. 9.38
Question 6

The following diagram represents a chromatogram of food dye.
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The Rf value for spot A is approximately
A. 1.0
B. 0.70

C. 0.67

D. 0.60
Question 7

Given below are combinations of analytical procedures and possible analyses performed by these procedures.
	
	PROCEDURE
	ANALYSIS

	A.
	UV-visible Spectrophotometry
	Determination of copper concentration in aqueous copper(II) tetrammine.

	B.
	High Pressure Liquid Chromatography
	Determination of aspirin in blood sample.

	C.
	Atomic Absorption Spectrometry
	Determination of organic dye in a polymer.

	D.
	Gas/Liquid Chromatography
	Determination of butan-1-ol in a plant extract.


The combination of analytical procedure and analysis which would not be suitable is
A. combination A
B. combination B

C. combination C

D. combination D
Question 8

Given below are combinations of analytical procedures and possible analyses performed by these procedures.
	
	PROCEDURE
	ANALYSIS

	A.
	Redox Titration
	Determination of percentage ethanol in wine.

	B.
	Gravimetric Analysis
	Determination of sodium chloride content in pea soup.

	C.
	Paper Chromatography
	Determination of amino acids present in hydrolysed protein.

	D.
	Acid-base Titration
	Determination of percentage of ethyl ethanoate in nail polish remover


The combination of analytical procedure and analysis which would not be suitable is
A. combination A
B. combination B

C. combination C

D. combination D
Question 9

Factors that result in a high retention time for an organic chemical when it is passed through a column in a high performance liquid chromatograph are
A. high degree of adsorption to the stationary phase and a low solubility in the mobile phase
B. low degree of adsorption to the stationary phase and a low solubility in the mobile phase
C. high degree of adsorption to the stationary phase and a high solubility in the mobile phase
D. low degree of adsorption to the stationary phase and a high solubility in the mobile phase
Question 10

The normal pH of human blood is between 7.38 and 7.43 and pH values outside this range can be fatal. The following equilibrium system is involved in maintaining blood pH within this range:


CO2 (aq) + H2O (l) ( H2CO3 (aq) ( H+ (aq) + HCO3– (aq)
If carbon dioxide levels in a person’s blood were to rise this would cause
A. a decrease in the concentration of the HCO3– ion
B. the blood pH to fall

C. an excess of water in the blood and surrounding tissues

D. the blood to become less acidic
Question 11

Catalysts are thought to increase the rate of a chemical reaction by
A. supplying the energy needed to overcome the reaction barrier

B. increasing the temperature of the reaction

C. providing less surface area for the reaction

D. providing an alternative reaction pathway with lower activation energy
Question 12

The substance with the lowest pH when dissolved in water is
A. C2H5COONa
B. C3H7OH

C. CH3COOCH3
D. C2H5COOH
Question 13

Water that had discharged from the drain into a local creek was found to be contaminated with NaOH at a concentration of 0.0010 M. The volume of HCl solution having a pH of 1.0 that would be needed to neutralise 10 L of contaminated water is
A. 0.10 L
B. 1.0 L

C. 10 L

D. 1.0 × 102 L
Questions 14 and 15 refer to the following information
I
CrO42– (aq) + H+ (aq) ( HCrO4– (aq)
II
2 Cr2+ (aq) + 2 H+ (aq) ( 2 Cr3+ (aq) + H2 (g)
III
Cr2O3 (s) + 3 C (s) ( 2 Cr (s) + 3 CO (g)
IV
Cr(NO3)2 (aq) + Na2SO4 (aq) ( CrSO4 (s) + 2 NaNO3 (aq)
Question 14

Of the equations given, the redox equations are
A. I only
B. I and IV only
C. II and III only

D. I, II and III only
Question 15

Of the equations given, the acid/base equations are
A. I only
B. I and II

C. I and III only

D. I, II and III only
Questions 16 and 17 refer to the following information
A mixture of ethene gas and hydrogen gas was allowed to react in a sealed, 500 mL flask.

The equilibrium that resulted may be represented as

C2H4 (g) + H2 (g) ( C2H6 (g)
At equilibrium, there was found to be 1.25 × 10–1 mol of C2H6 (g), 7.50 × 10–2 mol of C2H4 (g) and 8.35 × 10–2 mol of H2 (g) present in the flask.
Question 16

The equilibrium constant for this reaction under these conditions is
A. 0.0501 M–1
B. 0.100 M–1
C. 9.98 M–1
D. 20.0 M–1
Question 17

Which one of the following would result in a change in the value of the equilibrium constant for this reaction?
A. increasing the concentration of C2H4 (g)
B. adding a catalyst

C. decreasing the temperature of the reaction flask

D. increasing the pressure in the flask
Question 18

A step in the production of sulfuric acid involves the conversion of sulfur dioxide to sulfur trioxide according to the equation:
2 SO2 (g) + O2 (g) ( 2SO3 (g)
(H = –197 kJ mol–1
The pressure in the converter where this reaction takes place is maintained at approximately 1 atmosphere. A higher pressure would result in
A. a higher equilibrium yield of sulfur trioxide and a faster rate of reaction
B. a higher equilibrium yield of sulfur trioxide and a slower rate of reaction
C. a lower equilibrium yield of sulfur trioxide and a faster rate of reaction
D. a lower equilibrium yield of sulfur trioxide and a slower rate of reaction
Question 19

	The empirical formula of a polymer represented as
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	would be made from the monomer


A. (CH3)2CHCH3
B. CH3CHCHCH3
C. CH3CH2CHCH2
D. CH2C(CH3)2
Questions 20 and 21 refer to the following information
Hexene reacts with iodine according to the following equation
C6H12 (g) + I2 (g) ( C6H12I2 (l)
Question 20
In this reaction
A. iodine is the reductant and is reduced in the reaction

B. iodine is the oxidant and is reduced in the reaction

C. hexene is the reductant and is reduced in the reaction

D. hexene is the oxidant and is oxidised in the reaction

Question 21
This reaction between hexene and iodine is usually referred to as
A. addition
B. hydrolysis

C. condensation

D. esterification
Question 22
The number of hydrogen atoms in a molecule of octanoic acid is
A. 16
B. 18

C. 19

D. 21
Section B – Short Answer Questions
Question 1

Zinc is often used to combine with copper to make the alloy, brass. This improves the properties of the copper for many applications. A 0.500 g sample of shavings of brass was treated with 100 mL of 0.150 M hydrochloric acid and the resulting solution was left to stand until the reaction had ceased. The acid reacts only with the zinc leaving the copper unreacted.
A 25.0 mL aliquot of the resulting solution was then titrated with 0.100 M sodium hydroxide solution and 23.4 mL of sodium hydroxide was required to neutralise the excess acid.

a. Write the overall, balanced equation for the reaction of the zinc with the acid.
________________________________________________________________________________________________

b. Why were shavings of brass used in the analysis?
________________________________________________________________________________________________

________________________________________________________________________________________________

c. Calculate the amount, in mol, of sodium hydroxide used in the titration.
________________________________________________________________________________________________

________________________________________________________________________________________________

d. Calculate the total amount, in mol, of HCl that reacted with the zinc in the original shavings of brass.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

e. Determine the percentage of the copper in the alloy?
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

f. Would a 100 mL syringe be large enough in volume to collect the gas produced in the reaction at 25(C and 1.01 × 105 Pa? Explain your answer.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

g. Suggest an instrumental technique that could be used to verify the percentage of copper in the alloy. Briefly justify your response.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

1 + 1 + 1 + 2 + 2 + 2 + 2 = 11 marks
Suggested time: 13 minutes
Question 2

Fluorescent brighteners are used as an additive to washing powders. It is these agents that cause white clothes to appear blue at night clubs under ultraviolet lights. Fluorescent brightener 101 is used nit he commercial product ‘SupaWhite’ and it absorbs ultraviolet light strongly at 240 nm and at 375 nm.
A 0.986 g sample of ‘SupaWhite’ was dissolved in 100 mL of distilled water. This was transferred to a 500.0 mL volumetric flask with three rinsings and the solution made up to the calibration line with distilled water.
The absorbances of a series of standard solutions of the fluorescent brightener 101 were measured using a wavelength of 375 nm. A 10.0 mL sample of the diluted solution of ‘SupaWhite’ was placed in the sample holder of the instrument and its absorbance was also measured at 375 nm. The results are shown in the table below.

	Standard solution
	Concentration (mg L–1)
	Absorbance

	1
	7.00
	0.85

	2
	6.00
	0.71

	3
	5.00
	0.60

	4
	4.00
	0.48

	5
	3.00
	0.35

	‘SupaWhite’ solution
	Unknown
	0.68


a. Suggest one reason why a wavelength of 375 nm might be selected in the analysis rather than a wavelength of 240 nm>
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

b. Use the data to construct a calibration curve on the grid provided.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


c. Use the calibration curve to determine the concentration of the optical whitener in the sample
________________________________________________________________________________________________

d. The fluorescent brightener 101 has the chemical formula C16H12O3.
Calculate the

(i)
mass of fluorescent brightener 101 in the 500.0 mL volumetric flask
(ii)
number of molecules of fluorescent brightener 101 in the 0.986 g sample.
1 + 3 + 1 + 4 = 9 marks
Suggested time: 10 minutes
Question 3
The hypochlorite ion, OCl–, is a strong oxidising agent found in common household bleaches.
Hypochlorous acid, HOCl, is the conjugate acid of the hypochlorite ion. The acidity constant, Ka, for hypochlorous acid is 3.5 × 10–8.
a. Calculate the pH of a 0.10 M HOCl solution.
b. State any assumptions you made in your calculations for part a.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

c. Calculate the percentage ionisation of the 0.10 M HOCl solution.

3 + 2 + 1 = 6 marks
Suggested time: 7 minutes
Question 4

Ammonia is produced commercially in the Haber process. One step in this process is the equilibrium reaction shown in the equation
N2 (g) + 3 H2 (g) ( 2 NH3 (g)          (H = –91 kJ mol–1
a. What does the term ‘equilibrium’ mean in terms of the
(i)
rate of reaction
_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

(ii)
concentration of reactants and products?
_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

b. Write down the expression for the equilibrium constant for this reaction.

c. A student attempted to simulate the Haber process reaction by allowing a mixture of the reactant gases to come to equilibrium in a 2.00 L vessel at 25(C. The following concentrations were determined:

[N2] = 0.040 M;   [H2] = 0.010 M   and   [NH3] = 0.200 M
Calculate the value of the equilibrium constant for the equilibrium system at 25(C.

d. (i)
State Le Chatelier’s principle.
_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

(ii)
If the simulation was carried out at 40(C predict the effect on the equilibrium yield and explain your response with reference to Le Chatelier’s principle.
_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

2 + 1 + 1 + 3 = 7 marks
Suggested time: 9 minutes
Question 5

A mixture of gaseous hydrocarbons was passed through a gas chromatograph linked to a mass spectrometer. The mass spectrum indicated that one component of the mixture had a relative molecular mass of 28. To help deduce the molecular formula of this component, it was reacted with bromine solution. The bromine solution was observed to change from red-brown to colourless.
a. What is the hydrocarbon compound with a relative molecular mass of 28?
State how you arrived at this conclusion.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

b. Complete the following to illustrate the reaction that must have occurred with bromine.
	
	+ Br2
	
	

	structural formula
	
	
	structural formula


c. Name a raw material, which is used industrially to obtain the hydrocarbon referred to in part a.
________________________________________________________________________________________________

d. (i)
One step in the production of this hydrocarbon is thermal cracking.
Describe this process.

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

(ii)
Hexane (C6H14) may be cracked to produce this hydrocarbon.

Write a chemical equation for this process.
_______________________________________________________________________________________________

2 + 2 + 1 +[2 + 1] = 8 marks
Suggested time: 10 minutes
Question 6

Butan-1-ol has the chemical formula C4H9OH. This formula can also be used to represent three other alcohols.
a. Draw the structural formulae and name two of the isomeric alcohols.
	1.


	
	2.

	Names
	
	

	1.
	
	2.


b. Write a balanced equation for the reaction of butan-1-ol with ethanoic acid.
________________________________________________________________________________________________

c. Name the type of organic product obtained in b.
________________________________________________________________________________________________

d. Butan-1-ol can also be used as a fuel.
Write a balanced equation for its complete combustion.

________________________________________________________________________________________________

e. Under reflux conditions in the presence of an acidified solution of potassium dichromate, butan-1-ol reacts to form an acidic product.
(i)
Draw the structural formula of the acidic product.
(ii)
Name the acidic product.
_______________________________________________________________________________________________

(iii)
The presence of the acidic product can be confirmed by distilling and collecting the product then testing it with aqueous sodium carbonate.

Describe what would be expected to be observed on mixing the acidic product with aqueous sodium carbonate and write a chemical equation for the reaction.
Observation
_______________________________________________________________________________________________

_______________________________________________________________________________________________

Chemical equation
_______________________________________________________________________________________________

4 + 1 + 1 + 1 + [1 + 1 + 2] = 11 marks
Suggested time: 14 minutes
END OF QUESTION AND ANSWER BOOKLET












