IARTV
2005
CHEMISTRY
Unit 3 Exam
Section A – Multiple Choice
Question 1

Occasionally imported alcoholic beverages are contaminated with methanol or with ethylene glycol. The most suitable method for testing for the presence of these contaminants is
A. gas chromatography
B. atomic absorption spectroscopy

C. UV-visible spectroscopy

D. high performance liquid chromatography
Question 2

Which one of the following reactions would be classed as a redox reaction?
A. 2 HNO3 (aq) + CaO (s) ( Ca(NO3)2 (aq) + H2O (l)

B. H3PO4 (aq) + LiOH (aq) ( LiH2PO4 (aq) + H2O (l)

C. NO (g) + O3 (g) ( NO2 (g) + O2 (g)

D. CH3Br (aq) + OH– (aq) ( CH3OH (aq) + Br– (aq)
Question 3

A student mixes 25.0 mL of 0.230 M NaOH with 25.0 mL of 0.100 M HCl and then dilutes the mixture to 100.0 mL in a volumetric flask. What is the final concentration of hydroxide ions?
A. 0.750 M
B. 0.325 M

C. 0.188 M

D. 0.0325 M
Question 4

Under suitable conditions element X will react with hydrogen to form a compound with the molecular formula of XH3. What is the relative atomic mass of element X if the compound contains 91.2% X by mass?
A. 74.9
B. 31.3

C. 14.0

D. 10.8
Question 5

Which of the following metal samples has the greatest mass?
A. 250 g zinc
B. 2.38 × 102 g copper
C. 3.50 mol nickel atoms

D. 2.11 × 1024 atoms of iron
Question 6

The conjugate acid and conjugate base of HPO42- respectively
A. H2PO4; PO43-
B. H3PO4; PO43-
C. PO43-; H2PO4-
D. PO43-; H3PO4
Question 7

When 4.2 L of a hydrocarbon was burnt in excess oxygen, 12.6 L of carbon dioxide and 16.8 L of steam formed. All volumes were measured at the same temperature and pressure. What is the formula of the hydrocarbon?
A. CH4
B. C2H4
C. C3H4
D. C3H8
Question 8

What is the concentration of OH– in a solution of hydrochloric acid with a pH of 1.5 at 25°C?
A. 3.2 × 10-2 M

B. 1.0 × 10-7 M

C. 1.5 × 10-12 M

D. 3.2 × 10-13 M

Question 9

The concentration of sodium hydroxide in a solution is 323 ppm. Assume that 1 mL of solution has a mass of 1 g. Which of the following is not equivalent to this concentration?
A. 0.0323 % w/v
B. 8.08 × 10-3 M

C. 323 μg/g

D. 32.3 mg/L

Question 10

At high temperatures, PCl5 decomposes according to the equation
PCl5 (g) ( PCl3 (g) + Cl2 (g)
K = 33.3 M at 760°C
At the same temperature, the equilibrium constant for the equation ½ PCl3 (g) + ½ Cl2 (g) ( PCl5 (g) is approximately
A. 5.77 M–1
B. 0.173 M–1
C. 0.0300 M–1
D. –33.3 M–1
Use the data in the table below to answer Questions 11 and 12.

	Dissociation Constants

	Acid
	Ka

	CCl3COOH

trichloroethanoic acid
	3.0 × 10-1 M

	CHCl2COOH

dichloroethanoic acid
	2.7 × 10-2 M

	CH2ClCOOH

chloroethanoic acid
	1.4 × 10-3 M

	CH3COOH

ethanoic acid
	1.8 × 10-5 M


Question 11

Using the data in the table above the weakest acid is
A. trichloroethanoic acid because chlorine is more electronegative than hydrogen

B. ethanoic acid because chlorine is more electronegative than hydrogen

C. trichloroethanoic acid because hydrogen is more electronegative than chlorine

D. ethanoic acid because hydrogen is more electronegative than chlorine

Question 12

What is the pH of 0.0037 M chloroethanoic acid, CH2ClCOOH?
A. 0.42
B. 1.4

C. 2.6

D. 5.3
Question 13

Methane can react with water to form carbon monoxide and hydrogen
CH4 (g) + H2O (g) ( CO (g) + 3 H2 (g)          ΔH = +206 kJ mol–1
A mixture of CH4, H2O, CO and H2 gas is at equilibrium at 300°C. The mixture is then cooled to 200°C at constant volume. When equilibrium is re-established the
A. concentration of CH4 will have increased
B. concentration of CH4 will have decreased

C. concentration of CH4 will have remained the same

D. equilibrium constant will have remained the same
Question 14

Limewater is prepared by dissolving calcium hydroxide in water:
	Ca(OH)2 (s)
	H2O (l)


	Ca2+ (aq) + 2 OH– (aq)


Limewater often looks cloudy due to undissolved calcium hydroxide.
If a few drops of 1 M HCl were added to a slightly cloudy sample of limewater, the observation would be that 
A. there is no change
B. the limewater becomes more cloudy

C. the limewater becomes less cloudy

D. a gas is produced
Question 15

	The compound
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	is called


A. 3-chloro-2-ethylbutan-4-ol
B. 2-chloro-3-ethylbutan-4-ol
C. 2-chloro-3-methylpentan-1-ol
D. 2-chloro-3-methylbutan-1-ol
Question 16

Which one of the following molecular formulae represents a compound that has exactly two structural isomers?
A. CH3OH
B. C3H6Cl2
C. C3H6BrCl

D. C3H7OH
Question 17

Which one of the following could be formed by the dehydration reaction of butan-1-ol?
A. but-1-ene
B. but-2-ene

C. but-3-ene

D. but-1-ene and but-2-ene

Question 18
In the Contact Process, the sulfur atom does not increase its oxidation state during the reaction in the
A. burner
B. the converter and the absorption tower

C. absorption tower

D. the burner and the converter
Question 19

Concentrated sulfuric acid, H2SO4 (l), can be used to
A. oxidise magnesium chloride to chlorine and magnesium metal
B. reduce calcium oxide to calcium

C. produce hydrogen chloride from sodium chloride

D. produce carbon monoxide from sodium carbonate
Question 20
A mixture of carbon monoxide, CO, and carbon dioxide, CO2, were prepared by combustion of methane in a limited amount of oxygen. The mixture of gases was bubbled through water and then concentrated sulfuric acid. This last step shows sulfuric acid acting as
A. a strong acid
B. a dehydrating agent

C. an oxidant

D. a catalyst
Section B – Short Answer Questions
Question 1

The level of carbon monoxide in a gaseous mixture can be measured by passing the gas over solid di-iodopentoxide. The iodine released can then be dissolved in water and titrated with sodium thiosulfate solution until the endpoint is reached when the solution becomes colourless. Starch solution may be used as an indicator to aid in the determination of the endpoint. The equations involved are
5 CO (g) + I2O5 (s) ( I2 (s) + 5 CO2 (g)

I2 (aq) + 2 S2O32– (aq) ( 2 I– (aq) + S4O62– (aq)
a. Write a balanced half equation showing the species acting as the reductant in the second equation.
________________________________________________________________________________________________

b. A 2.000 litre sample of air is analysed for the presence of carbon monoxide. If 22.43 mL of 0.0520 M thiosulfate solution is needed to titrate the iodine released, calculate the number of moles of iodine produced.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

c. Calculate the number of moles of carbon monoxide present in the sample of air.
________________________________________________________________________________________________

________________________________________________________________________________________________

d. If the air is at SLC, calculate the volume of carbon monoxide in the sample and then the percentage of carbon monoxide in the sample.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

1 + 2 + 1 + 2 = 6 marks
Question 2

a. Flame tests are often used as an analytical tool. Suggest one advantage and one disadvantage of flame tests.
Advantage
________________________________________________________________________________________________

Disadvantage
________________________________________________________________________________________________

b. The terms Retardation Factor (Rf) and Retention Time (Rt) are used in chromatography. Explain the meaning of each term and to what type of chromatography they refer.
Retardation Factor (Rf)
________________________________________________________________________________________________

________________________________________________________________________________________________

Retention Time (Rt)
________________________________________________________________________________________________

________________________________________________________________________________________________

c. Both atomic absorption spectroscopy and UV-visible spectroscopy use absorbance as a quantitative measure. What is meant by the term absorbance?
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

d. (i)
Atomic absorption spectroscopy usually makes use of a calibration graph. What is a calibration graph necessary?
____________________________________________________________________________________________

____________________________________________________________________________________________

(ii)
Why are samples for AAS analysis often diluted before analysis?
____________________________________________________________________________________________

____________________________________________________________________________________________

2 + 2 + 1 + 2 = 7 marks
Question 3
Palace Premium Natural Cloudy Ammonia claims it contains 5.0% (w/w) ammonia as NH4OH.
A student weighs 18.35 g Palace ammonia into a 250.0 mL standard flask and makes it up to the mark with de-ionised water. To each of three 20.00 mL aliquots of ammonia solution, 40.00 mL of 0.1023 M HCl is added from a burette. The excess acid is then titrated with 0.05250 M Na2CO3 solution using methyl orange as an indicator. The student obtains an average titre of 22.03 mL.
a. Write the equation for the reaction of HCl and NH4OH.
________________________________________________________________________________________________

b. Write the equation for the reaction of HCl and Na2CO3.
________________________________________________________________________________________________

c. Calculate the number of moles of HCl added to each flask initially.
________________________________________________________________________________________________

________________________________________________________________________________________________

d. Calculate the number of moles of Na2CO3 that reacted with the excess HCl.
________________________________________________________________________________________________

________________________________________________________________________________________________

e. Calculate the number of moles of HCl in excess and hence the number of moles of HCl that reacted with the ammonium hydroxide.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

f. Calculate the %w/w ammonium hydroxide in the original sample.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

g. Why might this method be better than titrating the ammonium hydroxide directly with HCl?
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

1 + 1 + 1 + 1 + 2 + 3 + 1 = 10 marks
Question 4

At high temperatures, carbon disulfide reacts with oxygen according to the equation
CS2 (g) + 3 O2 (g) ( CO2 (g) + 2 SO2 (g)
In one experiment in a sealed container, the equilibrium concentrations at a certain temperature were

	CS2
	0.040 M

	O2
	0.050 M

	CO2
	0.12 M

	SO2
	0.15 M


a. State the equilibrium expression for the reaction.
b. Calculate the equilibrium constant at this temperature.
________________________________________________________________________________________________

________________________________________________________________________________________________

________________________________________________________________________________________________

c. For the following changes in conditions, tick the appropriate column that shows the expected concentration of SO2 at constant temperature.
	
	Final concentration of SO2

	
	Higher
	Lower
	No change

	Increasing total pressure
	
	
	

	Adding inert gas
	
	
	

	Removing CO2
	
	
	

	Adding a catalyst
	
	
	


1 + 2 + 2 = 5 marks
Question 5

Hydrogen iodide gas decomposes at high temperatures according to the equation
2 HI (g) ( H2 (g) + I2 (g)
1.20 mol of HI was placed in an empty sealed 2.00 L container at 400°C. When equilibrium was reached, 0.15 mol of H2 and some I2 were present.
a. How many moles of HI were present at equilibrium?
b. Calculate the equilibrium constant for this reaction at 400°C.

________________________________________________________________________________________________

________________________________________________________________________________________________

1 + 2 = 3 marks

Question 6
Complete the following chemical equations by writing the formula in the space provided. Write the name of the type of chemical reaction in the box beside the reaction.
	
	
	
	
	
	
	Type of reaction

	
	
	
	
	
	
	

	CH4 + Cl2
	(
	CH3Cl
	+
	
	
	

	
	
	
	
	
	
	

	n C2H3Cl
	(
	
	
	

	
	
	
	
	
	
	

	CH3CH2OH + HCOOH
	(
	
	+
	H2O
	
	

	
	
	
	
	
	
	

	C8H18
	(
	
	+
	C2H6
	
	

	
	
	
	
	
	
	

	CH3CH2CH2OH
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6 × 1 + 6 × ½ = 9 marks

Question 7
The following copolymer polyethylene teraphthalate is commonly known as polyester.
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Draw the structure of two monomers that polymerise to form this polymer.

	
	
	


Circle two different functional groups and write their names in the spaces below.

Functional group 1 ___________________________________________________________________________________

Functional group 2 ___________________________________________________________________________________

2 × 1 + 4 × ½ =4 marks

Question 8
Occasionally problems arise during industrial processes. Complete the following table that relates to the reaction occurring in the converter during the industrial production of sulfuric acid.
	Problem
	Effect on the Reaction Rate
	Effect on the Equilibrium Constant

	Air is contaminated with a gas that ‘poisons’ the catalyst
	
	

	The reaction is carried out at higher than normal temperatures
	
	

	There is a sudden loss of pressure due to a leak in the reaction vessel.
	
	

	The number of passages over the catalyst bed is decreased.
	
	


4 × 1 = 4 marks
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