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Section I: Multiple Choice 

20 marks 
Attempt Questions 1 - 20 
Allow about 35 minutes for this part 
Use the multiple-choice answer sheet 

Sample 2 + 4 A 

A 

2 

0 

B 6 

B 0 

C 8 

C 0 

D 9 

D 0 

If you think you have made a mistake, put a cross through the incon-ect answer and fill in the new 
answer. 

A • C 0 D 0 

If you change your mind and have crossed out what you consider to be the co1Tect answer, then 
indicate this by writing the word correct and drawing an a1Tow as follows. 

A • 

correct 

B )( C 0 

- 2 -

D 0 



1. A system which has both mass and energy transfer across the boundary is called a(n): 

A. Closed System 

B. Open System 

C. Isolated System 

D. None of the above 

2. The relationship between Keq and temperatui-e for an exothe1mic reaction is represented by 

A. B. 

Temperature Temperature 

C. D. 

Temperature Temperature 

3. The solubility of Mn(I03)2 is 4.8 x10-3 M. What is the value ofKsp ? 

A. 1. 1 X 10-7 

B. 4.4 x10-7 

C. 7.IxI0-6 

D. I.IxI0- 1 

4. When comparing 1.0 M solutions of bases, the base with the lowest [OH-] is the: 

A. weakest base and it has the largest Kb value. 

B. strongest base and it has the largest Kb value. 

C. weakest base and it has the smallest Kb value. 

D. strongest base and it has the smallest Kb value. 
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5. Consider the following solubility data. 

Compound 

CuSO4 

BaSO4 

CaSO4 

Solubility constant at 25°C 

2.28 X 10"2 

1.08 X 10-IO 

4.93 X 10-5 

The order of cation concentration, from highest to lowest, is: 

A. [Ba2+] > [ca2+] > [cu2+] 
B. [ca2+] > [cu2+] > [Ba2+] 

C. [cu2+] > [ca2+] > [Ba2+] 
D. [cu2+] > [Ba2+] > [ca2+] 

6. What is the advantage of a biofuel compared to a fuel derived from fossil fuels? 

A. No energy is used to extract and isolate a biofuel from its source. 

B. The an1ount of energy per mole is greater for the biofuel compow1d. 

C. Only the biofuel is produced naturally in an endothennic reaction. 

D. The biofuel can be replenished quickly using natural processes 

7. A sample of compound M is analysed in a mass spectrometer where it forms the molecular 
ion M+ according to: 

M + e- - M+ + 2e-

Some of the molecular ions fragment as follows. 

M+ -x+ +Yand 

M+ -x+y+ 

The mass spectrum would show peaks due to the species 

A. M+, X, X+, Y and y+ only. 

B. M+, x+ and y+ only. 

C. x+ and y+ only. 

D. X and Y only. 
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8. Pure water self-ionises as shown by the equation: 

2H20 (I) � H30
+ 

(aq) + oH- (aq) 

The following table shows the value of the ionisation constant (Kw) of pure water at various 
temperatures and at a constant pressure 

Temperature (°C) 0 25 50 75 100 

Kw 1.1 X 10-15 1.0 X 10-14 5.5 X 10-t4 2.0 X 10-13 5.6 X 10-13 

Given this data, which one of the following statements about pure water is conect? 

A. The [OH-] will decrease with increasing temperature. 

B. The [H30+] will increase with increasing temperature. 

C. Its pH will increase with increasing temperature. 

D. Its pH will always be exactly 7 at any temperature. 

9. Consider the following two compounds. 

O
� 

OH 
� / 

H C H 
H 
I 

H H 
I I HO " I I I / 

c-c-c-c-c 

OH 
H-C-C-N 

I I \ 
,t I I I � O 

H OH H 
O H H H 

CompoundX Compound Y 

Which of the following best describes the prope1iies of compounds X and Y? 

A. Both compounds are acidic. 

B. Both compounds are basic. 

C. Compound X is basic and compound Y is acidic. 

D. Compound Xis acidic and compound Y is basic. 
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Use the following information to answer Questions 10 and 1 1. 

Hydrogen is produced on an industrial scale from methane. The equation for the reaction is 

10. The expression for the equilibrium constant for the reverse reaction is: 

B. 

C. 

D. 

K = [H2O]2 [CH4] 
[H2]4 [CO2] 

[H2]4 [CO2] K = -=-----='--
[H2O]2 [CH4] 

K = [H20] [CH4] 

[H2] [CO2] 

K= 4[H2] [CO2] 
2[H20] [CH4] 

11. If the temperature remains constant and the volume of the equilibrium system is halved, the 
immediate concentration of hydrogen will: 

A. mcrease. 

B. decrease. 

C. not change. 

D. decrease then increase. 

12. Infrared spectroscopy detects frequencies of infrared light that are absorbed by a molecule. 
These absorptions are based on 

A. movement of electrons between molecular energy levels. 

B. movement of electrons between different atomic energy levels. 

C. bending or stretching of covalent bonds in molecules. 

D. absorption of radiation by nuclei placed in a magnetic field. 
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13. Carbon tetrachloride, CCl4 is often used as a solvent in chemistry labs. Which statement 
is false about CCl4? 

A. It is a non-polar molecule. 

B. Its main intermolecular forces are dispersion forces. 

C. It has a tetrahedral shape. 

D. It is the product of an addition reaction between methane and chlorine in the presence of 
UV light. 

14. Which of the indicators listed in the table below would be most suitable for use during the 
titration of ammonia with hydrochloric acid? 

Indicator 

0-4 

Litmus red 

Methyl Orange red I orange 

Phenolphthalein colourless 

A. Methyl orange 

B. Litmus 

C. Phenolphthalein 

pH 

5-6 7 8-10 

red purple blue 

yellow yellow yellow 

colourless colourless pink I red 

D. All three indicators would be equally suitable. 

15. What is the co1Tect relationship between the two molecules shown below? 

A. They are functional group isomers 

B. They are positional isomers 

C. They are chain isomers 

D. There is no relationship 

- 7 -
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16. Which combination could you use to prepare a buffer solution? 

A. CH3COONa and HCOONa 

B. NaNO3 and HNO3 

C. Na2SO4 and H2SO4 

D. CH3COONa and CH3COOH 

17. Which one of the following statements about 10.0 mL of 0.10 M HCl and 10.0 mL of 0.10 M 
CH3COOH solutions is true? 

A. Each solution will have the san1e electrical conductivity. 

B. Each solution will react completely with 10.0 mL of 0.10 M NaOH solution. 

C. Each solution will react at the same rate with 1.00 g of magnesium ribbon. 

D. The concentration of H3O+ ions will be greater in the CH3COOH solution. 

18. A student perfmmed an experiment in which 100 mL of water was heated by burning 
methanol in a spirit burner. What is the maximum change in temperature of the water when 
0.500 g of methanol is completely combusted? (Assume all heat from the flame is absorbed 
into the water). The enthalpy of combustion of methanol is -726 kJ/mol. 

A. 0.027 °C 

B. 1.74 °C 

C. 27.1 °C 

D. 36.3 °C 
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19. Aspartame is an artificial sweetener 200 times sweeter than sucrose. It is commonly used 
as a sugar substitute in foods and beverages. Its chemical structure is shown below. 

O Ill 

0 

The names of the functional groups labelled I, II, III and IV are: 

A 

B 

C 

D 

I 

Hydroxyl 

Carboxyl 

Carboxyl 

Carboxyl 

II III 

Amine Amide 

Amine Amide 

Carbonyl Ammonia 

Amide Amine 

IV 

Carbonyl 

Ester 

Ester 

Carbonyl 

20. How would the concentration of Pb2\aq) ions in equilibrium with Pbh(s) be affected if the 
concentration of 1- (aq) ions were doubled? 

A. no change 

B. increased by a factor of 2 

C. decreased by a factor of 2 

D. decreased by a factor of 4 

End of Section I 

- 9 -



BLANK PAGE 

- 10 -



•ii Barker 
� College 

� TRIAL HIGHER SCHOOL 
� CERTIFICATE EXAMINATION 

Chemistry 

Section II 

Answer Booklet 

80 marks 

Attempt Questions 21 - 34 
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Student Number 
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• Answer the questions in the spaces provided. These spaces provide 

guidance for the expected length of response. 

• Show all relevant working in questions involving calculations 

• Extra writing space is provided at the back of this booklet. If you use 
this space, clearly indicate which question you are answering. 
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Question 21 (4 marks) 

A student takes a 50.0 mL sample from a saturated solution of silver chloride which was 
kept at 25°C. 

(a) Write an equilibrium equation for solid silver chloride and its ions in solution. 

(b) Calculate the mass of silver ions in the 50.0 mL sample. 

Question 22 (3 marks) 

Sodium hydrogen carbonate (NaHCO3) is an amphiprotic compound. 

(a) Write TWO net ionic equations showing its an1phiprotic behaviour. 

(b) Identify ONE conjugate acid-base pair from your equations. 

- 12 -
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Student Number 

Question 23 ( 4 marks) 

Hydrofluoric acid is a weak acid. The pH of a 0.025 M solution of hydrofluoric acid is 2.39. 

(a) Calculate the Ka of the hydrofluoric acid. 

(b) Calculate the pKa of the hydrofluoric acid. 

( c) Calculate the percentage dissociation of the hydrofluoric acid. 

- 13 -
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Question 24 (7 marks) 

(a) Consider the following reaction that is taking place in a 2.00 L closed reaction flask at 25°C: 

The following graph represents the changes in the number of moles of each gas in the flask 
over the first 10 minutes 

2.80 i . i I . j i 
; 1 I [ ' I ; I I i I I I 2.40 : a, ! I ! I i I I I 

·• i ! '1f l 1 
I •.• - : I •df,t--+---+---+---4--

[ • • 11 _ I I I I I I 
2.00, · --;---

1
-'L.il..t • 'f • •, • • • • • •-+-++ I I I i I I I 
I ; I 

' 43+'-1---;,-..-1---1-, I I . i I I 
; I i ' ! , . -, 

o ................................................. ..,.... ....... .i.....' ...................... ,!,,,,,,,,,"""""W"' 

0 5 10 
time <minutes) 

(i) Using data from the graph, determine the value of the equilibrium constant 
(Keq) for the reaction. 3 

Question 24 continues on page 15 

- 14 -



Question 24 ( continued) 
Student Number 

(ii) At a time of 15 minutes, some B2 (g) was removed from the system. At 20 minutes, the 
contents of the reaction flask were analysed and the following data were obtained. 

[A2] = 1.05 mol L-1 

[B2] = 0.40 mol L-1 

[AB2] = 0.30 mol L-1 

Dete1mine if the system has reached equilibrium at 20 minutes and describe the rates 
of the forward and reverse reactions at this time? 

(b) Consider the equilibrium system involving the oxidation of nitric oxide 

2NO (g) + 02 (g) � 2N02 (g) LiH = -556kJ 

If the temperature was increased at time t, dete1mine the effect on the position of 
equilibrium and complete the graph to show how the change will affect the concentration 
of reactants and product. 2 

(i) Effect on equilibrium position: 

(ii) 
[NOJ ,__ __ .......................... _______ _ 

� [021 E ....................................... ""··---------
C: 
0 
·,.::; 
g [NOaJ 
C: t-------�---------
QI u 
C: 
0 
u 

0 

. . . -. " 
t TIME 

(minutes) 

2 



Question 25 (7 marks) 

A phannaceutical manufacturer claims that their pain-relieving tablets contain 100% aspirin. To 
determine the actual percentage by mass of aspirin in an aspirin tablet, the following procedure, 
involving a back titration, was used. 

Step 1: Three aspirin tablets, each with a mass of 300.0 mg, were crushed and dissolved in excess 
sodium hydroxide solution. Exactly 100.0 mL of 0.204 mol L - 1 solution of sodium hydroxide was 
used. The mixture was boiled to ensure complete reaction. 

Step 2: The excess sodium hydroxide solution was titrated with hydrochloric acid as follows: 20.0 
mL of the solution from step 1 was pipetted into a conical flask and 0.125 mol L-1 hydrochloric acid 
was placed in the burette. The indicator, phenolphthalein, was used and an average titre of 17.89 
mL of hydrochloric acid was required to reach the end-point. 

(a) Calculate the number of moles of sodium hydroxide added in step 1. 

(b) Calculate how many moles of sodium hydroxide reacted with the aspirin. 

Question 25 continues on page 17 

- 16 -
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Student Number 

Question 25 ( continued) 

( c) Each aspirin molecule requires two hydroxide ions for complete reaction. Calculate the 
percentage by mass of aspirin in one aspirin tablet. (The molar mass of aspirin is 
180.154 g mol-1.) 3 

End of Question 25 
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Question 26 (8 marks) 

Dacron is the trade name for a common polyester used in making clothes and water bottles. Paii 
of its structural formula is given below: 

0 0 0 0 
I ,!'Ft,._ 11. . U _ _/?'7--. II , 

---C�C-O-CH2-Cl-lz-O-C---..,,W,r-C-O-CH2-CH2-0-

(a) Draw the structural formula for the two monomers that react to fmm this polymer. 2 

Monomer one: 

Monomer two: 

(b) Name the other product of this polymerisation reaction. 

Question 26 continues on page 19 

- 18 -
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Student Number 

Question 26 ( continued) 

(c) Predict the effect on the polyester's rigidity and melting point as the polymer chains 
increase in length. Explain your predictions. 3 

( d) The structure of addition polymers can be modelled using Molymods. Outline an 
advantage and disadvantage of using models in science. 2 

End of Question 26 
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Question 27 (11 marks) 

The flowchart below illustrates the processes involved in the synthesis of some organic compounds. 

Compound E 

+ 

H20 

Compound B 

Com pound D 

Methanamine I 
p 

r . 
'd I _ 

ropano1c ac1 1-_ ----.---- -; 

Process Y 

Compound F 

Compound C 

Propan-2-one 

etha nol 
I• Process 2 I Glucose I 

(a) Using IUPAC nomenclature, identify each of the compounds listed in the flow chart. 6 

Compound IUPAC name 

A 

B 

C 

D 

E 

F 

Question 27 continues on page 21 
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Question 27 ( continued) 

(b) Draw full structural formula for Compounds E and F. 

Compound E 

Student Number 

Compound F 

( c) Identify processes Y and Z. Give TWO experimental conditions that are required for 

2 

each of these processes to occur. 3 

Process Experimental Conditions 

y 

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

z 

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

End of Question 27 
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Question 28 ( 4 marks) 

Compare the uses, structure and properties of soap and anionic synthetic detergents. Include 
a diagram in your answer. 4 

- 22 -



Question 29 (7 marks) Student Number 

Hex-1-ene gas bums in oxygen to produce carbon dioxide and water vapour. 

(a) The change in enthalpy for this reaction is -3773 kJ/mol (25 °C, 100 kPa). State if this 
change in enthalpy favours a spontaneous reaction and justify your answer. 2 

(b) The change in entropy for this reaction is 188 J/mol (25 °C, 100 kPa). State if this 
change in entropy favours a spontaneous reaction and justify your answer. 2 

(c) Determine if this reaction is spontaneous at 25 °C. Use a calculation to support your 3 

answer. 
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Question 30 ( 4 marks) 

Most plants contain pH-sensitive pigments, making some of them ideal for use as a natural 
indicator. During the course of your study you have prepared and tested a natural indicator. 

(a) Outline the method you used to prepare a natural indicator. 

(b) Explain why the natural indicator solution you prepared can be used to qualitatively 
detem1ine the acidity or basicity a solution. In your response, include a suitable 

2 

chemical equation. 2 

- 24 -



Question 31 (5 marks) 
Student Number 

Hydrogen sulfide, in solution, is a diprotic acid and ionises in two stages. 

H2S(aq) + Hp(l) � HS-(aq) + H30
+(aq) K

3 1 = 9.6 x 1 0-8 M 

HS-(aq) + H20(I) � s2-(aq) + H30+(aq) Ka2 = 1 .3 x 10-14 M 

A student made two assumptions when estimating the pH of a 0.010 M solution ofH2S: 

1. The pH can be estimated by considering only the first ionisation reaction. 

2. The concentration ofH2S at equilibrium is approximately equal to 0.010 M. 

(a) Explain why these two assumptions are justified. 

Assumption 1: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . .  . 

Assumption 2: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . . . . . . . . . . . .  . 

2 

(b) Use the TWO assumptions given above to calculate the pH of a 0.010 M solution of H2S. 3 

- 25 -



Question 32 ( 6 marks) 

The boiling points of similar molar mass straight chain alkanes, primary amines and straight chain 
carboxylic acids listed in the table below. 

Alkane Amine Carboxylic acid 
Molar Mass Boiling Point Molar Mass Boiling Point Molar Mass Boiling Point 

(g/mol) ('CJ (g/molJ ('CJ (g/molJ ('CJ 
58  - 1  59 49 6 1  1 1 8  

72 36 73 78 74 14 1  

86  69 87 1 04 88 1 64 

1 00 98 1 02 1 32 1 02 1 86 

1 1 4 1 26 1 1 5 1 55 1 1 6 205 

(a) On the grid below, plot the boiling point data for each homologous series. Construct a 
line of best fit for each data sets. 3 
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Question 32 continues on page 27 
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Student Number 

Question 32 ( continued) 

(b) Identify and explain any trends evident in the graph for all three homologous series. 3 

End of Question 32 
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Question 33 ( 4 marks) 

A solution is made by mixing 500.0 mL of 0.12 M Na.OH solution with 500.0 mL of 0. 10 M 
Mg(NO3)2. 

(a) Write a balanced chemical equation for this reaction. 

(b) Detennine if a precipitate will fonn as a result of mixing these solutions. Supp011 your 

1 

answer with relevant che1nical equations. 3 

- 28 -
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Question 34 ( 6 marks) 

Both spectra shown below are of the same unknown organic compound. 

IR spectrum 

100 

-

� 
(lJ 
u 
C: 
ro 
-� 
E 
Vl 
C: 
ro ,_ 

f-

0 4000 

Mass Spectrum 

1 00 

0 · en  

·� 

-� 
� 

80 

60 

40 

20 

0 
1 0  1 5  

3000 

20 

2000 1 500 

Wavenumber (cm-1) 

111 
25 30  35  

m/z 

I 

I 

1 I. 
40 45 

1 000 

50 

500 

I 

55 60 

(a) What functional group is indicated by the absorption band between 3200 and 3500 cm- 1? 1 

(b) From the IR spectrum, how can we be sure the organic compound is not a ketone or 
aldehyde? 1 

( c) Identify the relative molecular mass of the unknown compound. 

- 29 -
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Question 34 continues on page 30 

Question 34 ( continued) 

( d) On the basis of the functional group identified from the IR spectrum and the relative 
molecular mass of the compound, identify the wlknown compound. Explain your reasoning. 3 

End of Paper 
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1. A system which has both mass and energy transfer across the boundary is called a(n): 

A. Closed System 

@ Open System 

C. Isolated System 

D. None of the above 

2. The relationship between Keq and temperature for an exothe1mic reaction is represented by 

B. 

Temperature Temperature 

C. D. 

Temperature Temperature 

3. The solubility ofMn(lO3)2 is 4.8 x10-3 M. What is the value ofKsp ? 

A. I.IxI0-7 

CD 4.4 X 10-7 

C. 7.1 xI0-6 

D. I.I x10- 1 

4. When comparing 1.0 M solutions of bases, the base with the lowest [OH-] is the: 

A. weakest base and it has the largest Kb value. 

B. strongest base and it has the largest Kb value. 

<::D weakest base and it has the smallest Kb value. 

D. strongest base and it has the smallest Kb value. 

- 3 -



5. Consider the following solubility data. 

Compound 

CuS04 

BaS04 

CaS04 

Solubility constant at 25°C 

2.28 X 10-2 

1.08 X 10-JO 

4.93 X 10-S 

The order of cation concentration, from highest to lowest, is: 

A. [Ba2+] > [ca2+] > [cu2+] 

B. [ca2+] > [cu2+] > [Ba2+] 
CE::::fcu2+] > [ca2+] > [Ba2+] 

D. [cu2+] > [Ba2+] > [ca2+] 

6. What is the advantage of a biofuel compared to a fuel derived from fossil fuels? 

A. No energy is used to extract and isolate a biofuel from its source. 

B. The amount of energy per mole is greater for the biofuel compound. 

C. Only the biofuel is produced naturally in an endothennic reaction. 

�The biofuel can be replenished quickly using natural processes 

7. A sample of compound M is analysed in a mass spectrometer where it forms the molecular 
ion M+ according to: 

M + e- - M+ + 2e-

Some of the molecular ions fragment as follows. 

M+ -x+ +Y and 

M+ -x+y+ 

The mass spectrum would show peaks due to the species 

A. M+, X, X+, Y and y+ only. 
� M+, x+ and y+ only. 

C. x+ and y+ only. 

D. X and Y only. 

- 4 -



8. Pure water self-ionises as shown by the equation: 

2H20 (I) � H30
+ 

(aq) + OH- (aq) 

The following table shows the value of the ionisation constant (Kw) of pure water at various 
temperatures and at a constant pressure 

Temperature (°C) 0 25 50 75 100 

Kw 1.1 X lQ-lS 1.0 X 10-14 5.5 X 10-14 2.0 X 10-13 5.6 X lQ-13 

Given this data, which one of the following statements about pure water is co1Tect? 

A. The [OH-] will decrease with increasing temperature. 
� The [H30+] will increase with increasing temperature. 

C. Its pH will increase with increasing temperature. 

D. Its pH will always be exactly 7 at any temperature. 

9. Consider the following two compounds. 

O
� 

OH 
� / H 

I 
H H 
I I HO 

H C H 
OH "- I I I / 

c-c-c-c-c 
H-C-C-N 

I I \ 
� I I I � H O 

H OH H 
O H H 

CompoundX Compound Y 

Which of the following best describes the prope11ies of compounds X and Y? 

A. Both compounds are acidic. 

B. Both compounds are basic. 

C. Compound X is basic and compound Y is acidic. 
� Compound X is acidic and compound Y is basic. 

- 5 -



Use the following information to answer Questions 10 and 11. 

Hydrogen is produced on an industrial scale from methane. The equation for the reaction is 

10. The expression for the equilibrium constant for the reverse reaction is: 

C7;) K=
[H20J2 [CH4] 

[H2]4 [CO2] 

B. 

C. 

D. 

[Hi )4 [CO2 ] 
K=-----

[H20]2 [CH
4

] 

K= 
[H20] [CH4] 

[H
2

] [COJ 

K= 4[H2] [CO
2 ] 

2[H20] [CH4] 

11. If the temperature remains constant and the volume of the equilibrium system is halved, the 
immediate concentration of hydrogen will: 

CA) increase. 

B. decrease. 

C. not change. 

D. decrease then increase. 

12. Infrared spectroscopy detects frequencies of infrared light that are absorbed by a molecule. 
These absorptions are based on 

A. movement of electrons between molecular energy levels. 

B. movement of electrons between different atomic energy levels. 
�bending or stretching of covalent bonds in molecules. 

D. absorption of radiation by nuclei placed in a magnetic field. 
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13. Carbon tetrachloride, CCl4 is often used as a solvent in chemistry labs. Which statement 
is false about CCl4? 

A. It is a non-polar molecule. 

B. Its main inte1molecular forces are dispersion forces. 

C. It has a tetrahedral shape. 

CA) It is the product of an addition reaction between methane and chlorine in the presence of 
UV light. 

14. Which of the indicators listed in the table below would be most suitable for use during the 
titration of ammonia with hydrochloric acid? 

Indicator 

0-4 

Litmus red 

Methyl Orange red I orange 

Phenolphthalein colourless 

Cv Methyl orange 

B. Litmus 

C. Phenolphthalein 

pH 

5-6 7 8-10 

red purple blue 

yellow yellow yellow 

colourless colourless pink I red 

D. All three indicators would be equally suitable. 

15. What is the c01Tect relationship between the two molecules shown below? 

H H 

H '- / 

H .,.., 0 "--- 6 / C "---
C

/ 
H 

I H/ '
H 

H-C-H 

H 

A. They are functional group isomers 

B. They are positional isomers 

C. They are chain isomers 

CI) There is no relationship 
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I II I 
H-C--C-C-C-H 

I I I 
H H H 

11-14 

blue 

yellow 

red 



16. Which combination could you use to prepare a buffer solution? 

A. CH3COONa and HCOONa 

B. NaNO3 and HNO3 

C. Na2SO4 and H2SO4 

c::ii:) CH3COONa and CH3CQOH 

17. Which one of the following statements about 10.0 mL of 0.10 M HCI and 10.0 mL of 0.10 M 
CH3COOH solutions is true? 

A. Each solution will have the same electrical conductivity. 

c=[) Each solution will react completely with 10.0 mL of 0.10 M NaOH solution. 

C. Each solution will react at the same rate with 1.00 g of magnesium ribbon. 

D. The concentration ofH3O+ ions will be greater in the CH3COOH solution. 

18. A student perfmmed an experiment in which 100 mL of water was heated by burning 
methanol in a spirit burner. What is the maximum change in temperature of the water when 
0.500 g of methanol is completely combusted? (Assume all heat from the flame is absorbed 
into the water). The enthalpy of combustion of methanol is -726 kJ/mol. 

A. 0.027 °C 

B. 1.74 °C 

�27.1 °C 

D. 36.3 °C 
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19. Aspartame is an artificial sweetener 200 times sweeter than sucrose. It is commonly used 
as a sugar substitute in foods and beverages. Its chemical structure is shown below. 

0 

The names of the functional groups labelled I, II, III and IV are: 

A 

G) 
C 

D 

I 

Hydroxyl 

Carboxyl 

Carboxyl 

Carboxyl 

II III 

Amine Amide 

Amine Amide 

Carbonyl Ammonia 

Amide Amine 

IV 

Carbonyl 

Ester 

Ester 

Carbonyl 

20. How would the concentration of Pb2+
(aq) ions in equilibrium with Pbhcs) be affected if the 

concentration on- (aq) ions were doubled? 

A. no change 

B. increased by a factor of 2 

C. decreased by a factor of 2 

CB decreased by a factor of 4 

End of Section I 
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Question 21 (4 marks) 

A student takes a 50.0 mL sample from a saturated solution of silver chloride which was 
kept at 25°C. 

(a) Write an equilibrium equation for solid silver chloride and its ions in solution. 1 

........ �(\ .(s.l .... P. ..... A�;'. [ ,,) .... t ... �.I� .. I. c:.ci.). ......................... . 
(b) Calculate the mass of silver ions in the 50.0 mL sample. 3 

........ �p .. �-. c �-<i> � 1 L. c, � 1.� .... �--· J .1. �- .. ) .9. �-.' -�-........................... . 

. . . . . . . . . . . . . . . . . . . . . X. �-. ?� .... -�- .... \:. J.]. �.) �-�-- '. �- .................................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . �-�-.. -�-..... \: .1.). -�-.\. -� .�.:.� ...................................... . 
:/... -=- J \.11 "'10- 10 

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

........ -::t.. -�- .. ,�. � � .0 ... �- _l_ .?. �- � .. . �9.l .. } -�-........................................... . 
A=- (x\J � 1.130 --,. ll'-� ') .ob --=- b.b;1. �lo- 1 �ol 

::�:;: ;;�6:�:: ���i{:t�:::-::t1A �<1�1.7:��:<i:�<s:; 
Question 22 (3 marks) 

Sodium hydrogen carbonate (NaHCO3) is an amphiprotic compound. 

(a) Write TWO net ionic equations showing its amphiprotic behaviour. 2 

...... H w; ( !'>,.). � ... R�. � �. (!l�)·., ....... P> ..... �J. <() �f .!r .. H. i-. (1 . .(.,.). ........... . 
. . . . . . . ·"·�(I; .r .,�1 .. t .... c:i r. t<1) .......... D. ... J (13�/.,l · .. tth9. c J) .......... . 

(b) Identify ONE conjugate acid-base pair from your equations. 1 

.. �{(\ , . � � t0J ........... A�(){ ) \()�� � .......... H.19 �l »�0 ...... o.». � ). ».L.Q 
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Student Number 

Question 23 (4 marks) 

Hydrofluoric acid is a weak acid. The pH of a 0.025 M solution of hydrofluoric acid is 2.39. 

(b) Calculate the pKa of the hydrofluoric acid. 

........... -�.\(c;,,_. "" ....... --: . \.�ry 19. 
tit'.',). .................. "J" .......................... . 

. . . . . . . . . . . . . . . . . . . . . . . . � ..... � . .I.� .. •.� .. (. J .. '�}. �.\ � �� .. ............................. . 
··························�······�·--·\�.\ .............. ...... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . .. . 

( c) Calculate the percentage dissociation of the hydrofluoric acid. 

. . . .. . . �I.� ... . ��.��\?:t.1.� ... � .. [tt�.J .. . �·. l 0� .................................... . 

......................................... r.�.rJ ........... � ....................................... . 
9 

................................... � .... � .. ·. f� ..... �.l.�.� ... � ....... .I.� .. �.) .. .f.o ........ . 
t .- ,,---

() , o-i5 l 
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Question 24 (7 marks) 

(a) Consider the following reaction that is taking place in a 2.00 L closed reaction flask at 25°C: 

The following graph represents the changes in the number of moles of each gas in the flask 
over the first 10 minutes 

2.80 ,' __ ! ___ 
i 
___ 

l 
__ 1---1--

i -j
-
-

i 

! . I I ! I 

I, ! t I I i ; I I 2.40 11 • I- l -Al . i--1- I -i- i 
I • ; . I ' ')/ l i 

. ' -t�B I -

2 00 . ! ! • • • . _ I · 1 . i _I I I ' .. --,----........... t ...... ' ............... ' 1' i I ! i I I I 
I 

: I 

5 
time (minutes) 

10 

(i) Using data from the graph, dete1111ine the value of the equilibrium constant 
(Keq) for the reaction. 'L 3 

...... l;:t'\--:j,t\_�]1 � y ........... :: ... 
(0

�) .................................... . 
............. [�1][q················(�)(�)� ......................... . 

......... � ..... ,.�.�·�··········(·.>·}J.:.). .......................................... . 

Question 24 continues on page 15 
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Question 24 ( continued) 
Student Number 

(ii) At a time of 15 minutes, some B2 (g) was removed from the system. At 20 minutes, the 
contents of the reaction flask were analysed and the following data were obtained. 

[A2] = 1.05 mol L-1 

[B2] = 0.40 mol L -1 

[AB2] = 0.30 mol L -1 

Determine if the system has reached equilibrium at 20 minutes and describe the rates 
of the forward and reverse reactions at this time? 

........ � .. � .. [f\�J� ............ �····� · 1 -i ... . ... ... ..... � .... a._.�l?.1 ....... . 
'l ................. [Ail� 1: ............... 1.: � � �. � �- ........................................ . 

. . . . . . . . Q., ... ?-... \� .� f) .... J� \�f.,. (I�\ . �, ... f '\11; :1.l ! �.,;.� .............. . 

. . . . . . . . L°-'t-,.\ 1• knYr. .... m\\ .. � qJ ..... \.9.H / b. l. k l(J �J.1 ... , ............ . 

...... R�k .. 9� ... rl.� ... ct0.Lti� .. ... �\\ .. bt.(1�9\� .... Jk,_ 

......... f.'tt\\.� ..... �.� ....... '�r. ��-... ct�� �.l.� .................................. . 

(b) Consider the equilibrium system involving the oxidation of nitric oxide 

2NO Cg)+ 02 (g) � 2N02 (g) LiH = -556kJ 

If the temperature was increased at time t, dete1mine the effect on the position of 
equilibrium and complete the graph to show how the change will affect the concentration 
of reactants and product. 2 

(i) 

(ii) 

Effect on equilibrium 1osition: J ........ 5.h _5 .\ .. �\�·I· .. �.� �k�. �.� .. � ................. . 

' 
[N91 � 1: ..._ ....... __. .............. -.... _______ _ 

� (02) ___ "1. I , -------==::;.. 
E ...... ----"""'4._ _______ _ - ,· 
C 
0 
·.p ro ... +' 
C 
(l) u 
C 
0 u 

0 

[NOzJ 

'le l 

t Tit.£ 

(minutes) 

2 



Question 25 (7 marks) 

A pharmaceutical manufacturer claims that their pain-relieving tablets contain 100% aspirin. To 
detem1ine the actual percentage by mass of aspirin in an aspirin tablet, the following procedure, 
involving a back titration, was used. 

Step 1: Three aspirin tablets, each with a mass of 300.0 mg, were crushed and dissolved in excess 
sodium hydroxide solution. Exactly 100.0 mL of 0.204 mol L - 1 solution of sodium hydroxide was 
used. The mixture was boiled to ensure complete reaction. 

Step 2: The excess sodium hydroxide solution was titrated with hydrochloric acid as follows: 20.0 
mL of the solution from step 1 was pipetted into a conical flask and 0.125 mol L-1 hydrochloric acid 
was placed in the burette. The indicator, phenolphthalein, was used and an average titre of 17.89 
mL of hydrochloric acid was required to reach the end-point. 

(a) Calculate the number of moles of sodium hydroxide added in step 1. 

......... f\::. ( � .�J ..... � ..... ·'· .1-.o.� .. ��I. 1J ... � .... � :. ·'· . . k ........................... . 

.......................... � .... �.QJQ.4 .... m.�) ... �� ..... N.�Ptt ......... ............ . 

1 

(b) Calculate how many moles of sodium hydroxide reacted with the aspirin. 3 

.. . . . . . . N�Q i .. l .. �9 .... � ..... N�.u .:t.J\ \.() .. . . . . . . . . . . . . . . . . . . . . . ····3· ... . 
... .l�.l .\\.��.) .. � .. \ �. V .... � ...... �. lJ? ... ,)l ... �.?.�.!��\ .... �.}.· .. �.��.��.� .\ .. H l l 
.. .. . .... .. . ..... ,.-: .� . ... IY.-.\. 1. � . . . .  �� ...... �� �� ... �� .... �.�.\ .... . ... ... ... . .. . ... ... ... . . .. . 
. . . �� .. -�� \t.� .. -� � .... N � �� . . .  ; � . .  .19.� � ... ·� � ...... ?. .·.J 1.� .. �. �.?. � .�. � .�. � .... . 
. . ��.\9: � .. / .. ���� .... '.� ... \�9.�t ... !� ..... �.� .. 1: .�?. �. �.,.�.� .� .................. . 

::. . al\\ '"'t>' l f, 
�.���\.���J ... � .. 1.�J ... �� .. � .. �µ�� .. . . . � . . . �.:?.�.��.� .. �.!�.�ri. 1.1.� .... 
. . . . . . . . . � .. . \:). ,9.C, \ �, . .. ·""� \ . .. . .  J)f. . ... 'J}:, x.. I�.�.� .. �.� I ..... l. J. � J, ) 

Question 25 continues on page 17 
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Student Number 

Question 25 ( continued) 

( c) Each aspirin molecule requires two hydroxide ions for complete reaction. Calculate the 
percentage by mass of aspirin in one aspirin tablet. (The molar mass of aspirin is 
180.154 g mol-1.) 3 

........ 0. t�>.r-.;���). .� . . . � . . L� t} .... . � . .. . . . . 11 .. � �., .. �.,. �.�.� ... � .�, .............. . 
1-

...... M .. t ���-; !.•.�-.) . � ... 0. ). Jjr.4\ .. -�-.... �.,.b I_)\\��. -)< .. _,,�_._ ,_?4 ...... . 

.. . . .. .. . .. . .. . � ... . 7.1. :? .... j ....... � ..... >-... r.��.�h ..................................... . 

....... �l.� ... ���·····�····�·}·�·:�_ ..... �.l oO .. . . . .  � . . . . . �.�. ·. � . .  �/� . . . . . . . . . .. 
� 0 0 ' 

End of Question 25 
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Question 26 (8 marks) 

Dacron is the trade name for a common polyester used in making clothes and water bottles. Part 
of its strnctural fo1mula is given below: 

0 0 0 0 
I o-· ·.. II . J �· II . . 

-C-<1 t C-0-CH-CH,-0-C-<.J l>-C-0-CH-CH,-O-
''--,.,,. 2 � '� 2 � 

(a) Draw the strnctural fonnula for the two monomers that react to form this polymer. 2 

Monomer one: 

a o 
I\

_;-;:::\___
\• 

\\ - � - (, '-2r ( -Q- t\ 

Monomer two: 

(b) Name the other product of this polymerisation reaction. 1 

............................. \-19'\�.( ...................... ; ..................................... .. 

Question 26 continues on page 19 
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Student Number 

Question 26 ( continued) 

(c) Predict the effect on the polyester's rigidity and melting point as the polymer chains 
increase in length. ExP,lain your predictions. 3 

...... f ().\
':1
r.4r. ... Lh<;,\ ,�� ... J.,�\.��� .... t�� .... J�-�\��t. .5 ..... . w.h).� h. � .... . 

. . . . . . . -f .\ef. .. , .... T¼.� .... ���k 5 ..... ,. � l(1'-�- � � tp.o.� .... f �r.iJ � .......... . 

. . . . . ( .O\J. .. ��r -��- .t9_,i,_� . J .. �\�� ... �.1.st .. �i� 0. . . .  l h�\'.)) _. , 

. . . . . . . J}-,1,:,.t,_. ti)�. s ...... !h((l/!':')� \".'k .... �� .. t \�) ::-.... ,�')j 1 k. ·.· ...... . 

. . . . . . . . 1. 0. � ().� �. ·1. _\-� -��- . . . .  N..\\ h_j ... · f-"'!-�\ . . _U, ha_ ... \'\ \.!t�_i,e_ \_ . 

. . . . . . . . . �-� .. :\hl .. ·f ·Q \ j-� ... \ �!tl "� , ... ;_-:-, ... \-¼J 1. h .. , .................... . 

. . . . . . . . . . R lf}'� ,\ ') ... \ .". \Ji�f. � ... -� .. \ 0 ....... l 4 .... ·£1-':t �w: ... r-..J �w.. 

..... �� .... : .. \ � .... f �(\�.\ .... f'.\ 01. l _ .. . li\���-j .. N ..... ( �CA, \0 ......... . 

. . . . . . �)� l .... , ����� ... .(,_�q�� ..... � V ff.t�.1.�1- · .............................. . 

( d) The structure of addition polymers can be modelled using Molymods. Outline an 
advantage and disadvantage of using models in science. . 2 

.. M� 17':: \�1- �- :. � .. �.C/11 . ., .. r� .... �.,�"!,_..,I_� .. iµ .. . ':':l� 19_ ),- .. �q .. � ff.".k.1::,. j 

....... .. . . . ... . .. 9� .. .. b��4� ..................................................................... . 

. . . . . . . . . . . . . . . . . . . . . '. ..... '/A ... ��-\I':".\ .... 11)':�f-'-""') ... • f .. -��.'N .. ! � ......... . 

................ M�.\t�.��······································································· 

·····················�··�·\�.h�\�� ...... �.�.�.h� ...... .................................. . 

. . . . o�·�.�� f��� } .... ' ....... � ... ;� � ��.� \1. � .... ��.<:'� � ... ��.� .... Qf ... rt��� I.;__ 

•••••••••••••••••••••••••••• � ••• \�� � •••• �.1� .�.� )� i .... tN... �.� .�.\.. � � ... � �J .t (t'Al 

............................ '. .. J·k . _,�J«: � t...h� . . . �jc,rJ ! 
1

, �}\r_e,,_ a_\�".'- )w- -f c tlH 

............................ '. ..... (' � .. �l,. \j ��-... �l\ )el_ .. � ..... A .M � ,� .�v 
End of Question 26 
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Question 27 ( 11  marks) 

The flowchart below illustrates the processes involved in the synthesis of some organic compounds. 

Compound E 
+ 

H20 

Compound B 

Compound D 

W/Mno.2-\ 

Methanamine I p 
t . 

'd I _ ropano1c ac1 ,__ --------

Process Y 

Compound F 

Compound C 

Propan-2-one 

ethanol I• Process 2 I Glucose I 

(a) Using IUPAC nomenclature, identify each of the compounds listed in the flow chart. 6 

Compound IUPACname 

A 

B - \- 0' 
C 

D 

E N 
F 

Question 27 continues on page 21  
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Question 27 (continued) 

(b) Draw full structural fmmula for Compounds E and F. 

CompoundE 

\\ " 0 � 
I ,, ' 

Student Number 

CompoundF 

� " Q " 
I \ \\ I I 

�-l- c-L -JJ-<--� u-c.-c-o- (-(-(-" 
I I ' I I I 

tt \\ 1' H � ij � 

( c) Identify processes Y and Z. Give TWO experimental conditions that are required for 
each of these processes to occur. 

Process Experimental Conditions 

y rt \\J X �� � \J,J 
.... ��s\.\.Y:\,.;� ..... 

c�c. ��S�4 

. . . \�.�'-��.,;� . . . . .. 
() "aj.J' (.\ � I (._ ��)r 

3,� l 

End of Question 27 
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Question 28 ( 4 marks) 

Compare the uses, structure and prope11ies of soap and anionic synthetic detergents. Include 
a diagram in your answer. 4 

h
".)

J.rof\J\,l kl.\� 

/��eMlAl M6 ,�'-�j Soo.f - O .. 

"''t1ll.t. 
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Question 29 (7 marks) 
Student Number 

Hex-1-ene gas burns in oxygen to produce carbon dioxide and water vapour. 

(a) The change in enthalpy for this reaction is -3773 kJ/mol (25 °C, 100 kPa). State if this 
change in enthalpy favours a spontaneous reaction and justify your answer. 2 

............. T.hl .... t'.\t � 111.t.��t.: 1\ ... cl1'.f':}. � ... r�. f d ... J\l ..... 

. . .. . . . .. . . . . . . . tl0\�t1� .... .15 ... . ... �9.t��.1. ( . . . . . •. ••. . . ••. ••. ••. . . . •. . . . . •. . •. . •. . 

. . . . . . . . . . .t"":�1\Jr:'."'.'.• . t . .  � 0., <:-h� ... �1 .. } �, l\ � ll
'i 
... y �)/���.ht .. . 

. . . . . . . . . . . . . ¥.\ic. \ .. S ���� � ... � � ls,,'-' v\ � ....................................... . 
(b) The change in entropy for this reaction is 188 J/mol (25 °C, 100 kPa). State if this 

change in entropy favours a spontaneous reaction and justify your answer. . 2 

........... fu. JI).\. (�J ;-l hQ\:-. 't '.1� .... � t,h � .... thlJi.f 9.d . .. J_.�, L \,.(,lo5 

............ �.� ... .'.0 � ��'-�1·. , ............................................................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . . . . . . . . . . . . 

·············r�1;� .. ,l,/lfrOf·j···t�v�l.t(� ... rt!'\�.{){,,'\"··················· 

(c) Dete1mine if this reaction is spontaneous at 25 °C. Use a calculation to support your 3 

answer. 

A O � - Q O i wl ' .......... �G ..... � .4tt ... :-: .... \. .4. S ................. ts> ... � ... �.r� ........... �.� ....... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . A�� .. � .... � .}J .1.} .lJ\ .��., 

: : : : : : : i:� :�:: �:::: �: i�i1:i: j:: �:: ( :i�i; � �:: ;: : ; ;:�j):::::: :::::::::::::::::: :: 
···················�·······�···�·�·?.) . .. ) . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
......... A� ..... 0��··· · · �� .... � .j .�} .� . . . . .  .t\; .l . . . . .  ��.<:.t .1 .�� . . .  w.1l\ ... . .  . 
. . . . . . . . . . . . . . . . � .... s.f Ii.) r9'�. I\Y).� .. , .. I ............................................... . 
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Question 30 ( 4 marks) 

Most plants contain pH-sensitive pigments, making some of them ideal for use as a natural 
indicator. During the course of your study you have prepared and tested a natural indicator. 

(a) Outline the method you used to prepare a natural indicator. 2 

. . . . �- . .  � - . . . �M\ .. J .. -�-�- u,\�f-. . � .\l:'t. .. . 1-<,J ... l'.1 \�  . . . "lpp.i:o:<•�� 

......... \��� ... ·f·'-�.�.S ........................................... ............................. . 

. . . � . . . . . .  T:N. . .  v.�� . . . .  p it 1.u. �-.. ¾� _,\tJ . . .  :--:-. . .  1��01:-.. j <:-k 

. . . .  \ � . \,� .'f.'lf . . .  � \,._ . . . �) 1 Ll.1 . . . .  f .;r . . . .. . 0. Ir·\•"-•':'.'.«\ t, ...... :IP. .. I'.'!\ h � \ !_ \ : . 

. . .  � . . . . . . . .  1h,, . . . . .  �.��\� . .  ��) . . . .  J�� .. ��.�.,.'\l� . . . .  r.� . .  r1.��� . .  . t� . 
. . . . . . . . v�P \�t--- .. . .. p1:t1U ... 1. _Y, �\/ �-"). · - - �" � . .-\\t . . . �� r.� I _ .... . 
. . . . . . ·'·�� �.�\�{ . . . . . .  ). � \.�J � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(b) Explain why the natural indicator solution you prepared can be used to qualitatively 
detennine the acidity or basicity a solution. In your response, include a suitable 
chemical equation. 2 

. . . . . . . .T� .. ��➔.�.�\ . . . .  1.����.��·�· · · ·\� . . .  �\� . .  1� . . . . . l��'f .. .. O\ . . . . . . . . . .  . .  

. . . . . . . �\�.�\ ..... ��\��.� . .. :'.� ... . �qJ.A� ..... �� . . . . . .  b.�.'.� . . . .  �.��\�0 ... . 

. . . . . \J�c\. . '�- ... t<,,.'.\J"'� 1,,\,� .... M.\� ... -�-� . . . .  kfl(\� . . .  -� ��-ll. 
. . . .  SC!l !'/\f � \ . 9\ . . .  0\.0. . . .  �J1J .. -�-.. -��- .(s ��\ .. �1 .  . . .  -� '-"""-�<1: .. d 
. . .  \., ).c-\/ � 'V\: . � '."\ N) �- \'C\ . .  .i:t.-r--: ,\� �-} . . . . \ kl .. .l 0iA1\ c.,_k ... ½:-: .. � .:--
. .... .. � . }1\1�: \c: . . . . .  ��:0:<Y . . . . .  � . .  9r�\..\,,) -� . . . .  LR>.\ �r:. � b� 
. . . . . . .  \Q . . . \� 1 l_ �t� . . . . . J».: . .  �wu l ·. <:-.'. . . .  -� \ l<,C\_1,. ; JI ... S . c,._ . . . . . . . . 

...... ).�.�.�t�.":'-.� .. -............................................................................. . 
N <1-\vrtA\ :rl\t "'l0r, Qr'-- "�" �4� G\�lJs A\c h.  v1ok 

\I •"'- \\J.. \' .. \�v1'"j e"r-u.�'""'- '. 
\\.1 r- � \\ \ .-\ 1 "' 
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Question 31  (5 marks) 
Student Number 

Hydrogen sulfide, in solution, is a diprotic acid and ionises in two stages. 

H2S(aq) + H20(1) � HS-(aq) + H30
+(aq) K31  = 9.6 x 1 0-8 M 

HS-(aq) + H20(l) � s2-(aq) + H30
+(aq) Ka2 = 1 .3 x 1 0-14 M 

A student made two assumptions when estimating the pH of a 0.010 M solution of H2S: 

1. The pH can be estimated by considering only the first ionisation reaction. 

2. The concentration of H2S at equilibrium is approximately equal to 0.010 M. 

(a) Explain why these two assumptions are justified. _ 2 

Assumption 1 : . .J� .... KCl\ l.  .�C?-1½. : lt . . � ... � . . �!-�\ , . 1� .. � ... . '\t.� J! .� .\k� 
· · · · · · · · · ·f��\� . . . .  �.�4 . . .  .t� . . . .  \\;.> ... �\� .. i:\�l\ .�. ,.J�� .. ���l 

. .C�t) . . 1.1 ... v.d. �� \lY.\ . . . 1¾ ·" h� \ ... £<?' .. . \i9 )\ f.l(.\L.h�! . . .. C1..� . . '\-. .  L \bl� 
Assumption 2 :  . . . . .  �cq . . . .  \ > ... hI\;!I'.: �1 � . . . � ��\\. . . J�<,,.L J\R . . .  . 
. . . . . . . . Q,f 1\-. k m.� . . .  (tv: �\.1:,;,\ � . . . .  � \ . . . . .  ·"i S .L tj ..... 1J ... �½j· . . . . .  . 

. . . . . . . . � ! �., 'w: . .  t� . .  \¼ ... ·'· � .. h.<1',) ... ��!.W.�.t .• .<r., . . ..J .... \h, .5. { 91�) . . . . 
(b) Use the TWO assumptions given above to calculate the pH of a 0.010 M solution ofH2S. 3 

: : : : : : : : : : : : ¥.:�: ;: : : ;: : : : : !. : : : : .: : :?i :: : :� : : : :� :.: �: :;:i � �: �:: : ::: : ::: : : : : : : : : : : : : : : : : : : : : : : : : 
. o l O 

1.. ':: °\. b "). l o-\  )I. • 0 \ 0 
· · · · · · · · · · · · · · · · · · · ·�· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. · · · · · · · · · · · · · · · · · · · · · · · · ·�; · · · · · · · · · · · · .. 

";J.. ;:;. E. 6 �1 0- ' 0 
::: 3 .o<ft> � 10-. .. . . . . . . . . . . . . �· · ·�· · ·  �·�· · · (· · ·�· ���· ·�·\· o ·�'s' )· · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .. 

· · · · · · · · · · · · · · · · · · · · · · · f· · · · · · · · · · · · · · · · •i • ......................... · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .. 

. ..... .. .......... ..... .... � ... l:1:., .� 1 .. . . ( .. b.tj-'-f ····) ··· ........................... ... . 
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Question 32 ( 6 marks) 

The boiling points of similar molar mass straight chain alkanes, primary amines and straight chain 
carboxylic acids listed in the table below. 

Alkane Amine Carb oxylic acid 
Molar Mass Boiling P oint Molar Mass Boiling P oint Molar Mass Boiling P oint 

(g/m olJ (°CJ (g/m ol) (°CJ (g/mol) '(°CJ 
58 - 1  59 49 6 1  1 1 8 

72 36  73 78 74 14 1  

86  69 87 1 04 88  1 64 

1 00 98 1 02 1 32 1 02 1 86 

1 1 4 126 1 1 5 1 55 1 1 6 205 

(a) On the grid below, plot the boiling point data for each homologous series. Construct a 
line of best fit for each data sets. 3 

-
I I I I ' I I l I I I I I ! I I I ! l I 

i l i I I ! I I I I 1 I I l J I I I ' ' f I l I 

1)-tO 
I ' ff 'j_l 

; i I j ' I ! I I I I 
i I I i I f i ! ! I I ; ! I 
i l I I I 

l \ o  

! ! L--+ I I ' I ! I 
' I i i I I 

I J i i 
! ,LH- ·-t 

I I i i. 
f I l t 
l l I i 

l I I 

I J j I 
I I r l I 

I 
I +, ,. I 
l f ' l 
i I 

l 
! r 
! 

I I 

l 
I 

I 1 

I 
I 

)( � �\kql\l 
• = °'"" 1/\(, 

f). ,: ( cl  bn'1(j l , c. 
D\ l,lJ 

\la 

\ '.)O 

---- \ 10 
.,_) 

0 ____, 
-r; � o  -

0 
� 
r--, 

I (' ,o --
3 0  

0 

· 1+ --·-}-j ·--H-t-
; j j ! 

I I J 
i I I 
i I '-+I I I I J 

J 
! 
! 
; 

l ' 
I I 
i I -i-l.* i I 
i 

·I I ' 
I 
I 
! 
! l 

I ' l I 
l I 

! I 
i I 
i I I 

I I 
l 

I I l 
i ' ' I 

I I ! 

I 
i 

- 1 0 

j 

I 

i I I I I I • :.1,; 

! I i ! ' ,· I I , .. 
I I l I f I I ;,ILj-I I l I I J I [ I I ' 

t H+ l t l f ! I I I I ! ' r ! ! ! l l I l I ' l 
i I I i I \ I I I I 

� ! l it ,--! !L 
I I il l ' /; 

I ! ! I �, i l ! 
i f I i I l I I 
f j ! l I l I ,,. ; I V ' I V ' !Ti / ' 
i I j t. l _J _.J .11 ; 1, j l j ,

"' 

t I .111 i i I I \ 
i I i j I/ / j 

I I ! -r /,_ ' I 
I I i i i -!.. I l 

; I I 1. 1 V 
I , I I I I / i /! 
l f I /I ! 

* 1- I/ ' w.., / 
I y f I ,w;'. ·---i+ f I i l I i ! 

i I i ./1 ! i/ ' l 
I t.,_:_ -1- -¥+ ! l I, j, i 
I ( /I 1 I I 
I ' I I 1 1 

'} I I • i 
I i i I I ' -
1 ! I ,, I l I +r-,- l Ii l I 

I ' l -
I I I I I/ I I i l I I I ' 
I r i � I i I \ 
I I ' I I t 
I l I I ! I I 

-H- f I I I I l I 
I I I I I I I I 

\ 0  3 0  �C) rQ C, o  \ 1 0 

Mo \ CN  f\'\d\ )S ( j l  �a I l 
Question 32 continues on page i7 

- 26 -

I 
I 
1 
l 

I I I 
I I 

1 +· 
I 
I 

I ' / 
I 
I 

I I 
I 

--4 ,- . 

! 
I 
I 

! 
I 
I 

I 
I 
I I ! 

' 
I I l 

I I -
I 

1 3 0  



I 
Student Number 

Question 32 ( continued) 

(b) Identify and explain any trends evident in the graph for all three homologous series. 3 

. . .. . . .f� . . . .  �q . . . . .th.� . . . .  ��.�.� ) .�.c�f �·�· . . . �� . . . . .  q) . . . .  �9\� . .  �.��.� . . . . . 

. . . . . . . . ·'· � � ".'�\ . .  r b. � '  l ,;J . . . .  rc1 ,'1 . . . .  I I\. �IA�) ' . . . .  lk1 .. ll . .  � . .  . 
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J \-� lor-\ic" C. �,-" l'\ u-e<A� � .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

. . . . . . . .  A I k��l . .  �.'A� . . .  
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¥:! 
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Question 33 ( 4 marks) 

A solution is made by mixing 500.0 mL of 0.12 M NaOH solution with 500.0 mL of 0.10 M 
Mg(NO3)2. 

(a) Write a balanced chemical equation for this reaction. 1 

. . . . 1 �.�<:'.�. t.�'\l . . . \ . . . �,c��.�)�.(. �,) . . .  �>. ... lN°' .��1 (.�,) . . t . ·�J (.�.��( � J 

(b) Determine if a precipitate will form as a result of mixing these solutions. Support your 
answer with relevant chemical equations. 3 

. .  /.\.( .�.���.) .. � . .  n.(.��· {N0�)1.j . .  � . .  ��. � . .  � . . . .  � .\ .i . . , . . � . . . .  � . . .-. . Q.�. mRI .. .  Mj.
11 

.. (. (.Mn�.).� ... � ... � .... �.�.?.' .. . � .. . . . . . � .. 9 .o. .. M .................................. .. 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · "l · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
. . . . . .  \hf . .. � . . L�el}[�1r) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . (>.�.p.. � .... 9.�05 .... � .. 9.: .�. � .� ................................................. .. 
. . . . . . . . . . . . . . . . .  �� . . .  \ :� .�.� o� .� · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
........ ,�.l p .. . � .. . .  ?.·.�.I . :-<..1.9  .�.'. � ............................... ..... .. ...................... . 
. . . . . . . . . . . . . . . . 0. � , .... ?. . . . .  �� p . .. t4r\ � � . ..pi:t.� ·1p ., \ �k .':!.!I\ ... f.Qr� .. 
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Student Number 

Question 34 (6 marks) 

Both spectra shown below are of the same unknown organic compound. 

IR spectrum 
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What functional group is indicated by the absorption band between 3200 and 3500 cm- 1? 

. h�� f�J<1.\ . .. .( .C\ :·A) ... J v_ �(, h,,:-,� I. . y9�p .... 11'�� c,( .1.0.,\��- � \� .. q.\ �.(\ "' a \  

From the IR spectrum, how can we be sure the organic compound is not a ketone or 
aldehyde? 

. . . . . . . . . . . {\Q ..... � � .9 . . . . -r� k .... � �-�.4: . . . -���� -�. ).J.� 0 .. . . . . . . . . . . . . . . . . . . . 

Identify the relative molecular mass of the unknown compound. 

................... r�l ... r.\� 1�.J-/ � . : 11 . . . . .  L9 �.11 ..... �-� ..... b01/ -�-�.\ ... 
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Question 34 continues on page 30 

Question 34 ( continued) 

(d) On the basis of the functional group identified from the IR spectrum and the relative 
molecular mass of the compound, identify the unknown compound. Explain your reasoning. 3 

. .  14. .. (}:_II. ·F--""k . 1� • •  h ,4.-.. ��-'� .. ,� . .  c,,k,.,.\..,�. 1 .. . . ( . � :i,� .--: .:u� ) . 

. . . . �<:\ . . n.J . . .  Y� ... . ?-.��� . .  .( .��·�·�· .� . � .?.� J .. -.... I�.� . . ��.� .... . ... .. 

. . r� .... �� r�. � . . .  (w�1 .... � .. �:.\ ... �.k� h.�� ...... .f.� .... � � \K ...... . 

. . . �.��� ... '.".'�\�.���� .... ,} ... ·.,� ...... f , f1P.'.��� .. · ...................................... .. 

. . . . I� . . . �11 . . . .  ,\� J: 0.'-.� . .  ).')d1.� . .,, �.1 . . . . .  \hi.. . . . . .  u, 1@1\J.. :1 .1 . . . . . . . . . . . .  . 

. . . . . i 1.1�". � . .  \ : . . '.'1 . . . . .  c..� .. J. . . h<1� .. "'· ... ft �k. <;It . . . .  � / . .  f'.1.11-. ... f""." .... . 
..... t� ...... . . -.t.- c.h .\l .... V!',l.��1 . . .  � . . .  J.()t) . . . J . . . t��. 
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