
Theory and Data 
  Processing

Chemistry Assessment 
   Term 4   2013 

General Instructions  

• Reading Time:  5 minutes
• Working Time:  90 minutes
• Complete both Theory and Data Processing in

the time, 90 minutes.
• Write using black or blue pen
• Board approved calculators may be used
• Write your Student Number on the answer booklets
• A Periodic Table and Data Sheet are provided.

Total Marks: 67  

Theory Test 
Total marks: 26
Take about 20 minutes to 
do this section 

Data Processing
Total marks: 41
Take about 70 minutes 

 to do this section 



Part A 

Multiple Choice: 9 marks 
Attempt Questions 1-9 

Mark your answers for Questions  1 – 9 in the Answer Box on page 7 



Part A : Multiple Choice 

1. Which reagent can be used to distinguish between an alkane and an alkene?

(A) Aqueous bromine

(B) Concentrated sulfuric acid

(C) Zeolites

(D) Zeigler-Natta catalyst

2. For which of the following elements are there no stable isotopes?

(A) Carbon

(B) Argon

(C) Europium

(D) Astatine

3. Which of the following statements is correct?

(A) Displacement of a metal ion from solution oxidizes the metal ion.

(B) Displacement of a metal ion from solution reduces the metal ion.

(C) Displacement of a metal  from solution oxidizes the metal.

(D) Displacement of a metal  from solution reduces the metal.

4. How can a new heavier element be created artificially?

(A) Bombard a metal atom with protons

(B) Bombard a metal atom with electrons.

(C) Bombard a metal atom with neutrons

(D) Bombard a metal atom with metal ions.



5. Which of the following changes is/are oxidation?

(i) MnO4
-  to Mn2+

(ii) SO2 to SO4
2-

(iii) Cu to Cu2+

(iv) C2O4
2- to CO2

(A) All of the above

(B) (i), (ii) and (iii) only

(C) (iii) and (iv) only

(D) (ii), (iii) and (iv) only

6. Which is the correct term used to describe the polymerisation of glucose into cellulose?

(A) Addition

(B) Hydration

(C)

(D 

Condensation 

Hydrolysis

7. Why is ethanol used in preference to water as the solvent in the production of perfume?

(A) Ethanol is cheaper to produce.

(B) Ethanol dissolves a greater variety of compounds more readily.

(C) Ethanol has a significantly lower density.

(D) Ethanol has no detectable odour.



8. The molar heat of combustion of pentan-1-ol is 2800 kJ mol
−1

.

A quantity of pentan-1-ol was combusted, generating 108 kJ of heat.

What mass of pentan-1-ol was combusted?

(A) 2.29 g

(B) 2.86 g

(C) 3.32 g

(D) 3.40 g

9. Which is the dependent variable in a first-hand investigation to determine and compare
the heat of combustion of three different liquid alkanols?

(A) Type of alkanol used

(B) Amount of water used

(C) Amount of alkanol used

(D) Temperature change in the water



Part B : Extended Response Questions ( 17 Marks) 

Question 10 (5 marks) 

The fictitious reduction potential of elements W, X, Y and Z are given: 

E0
reduction (V) 

W2+(aq)  + 2e-    W(s) +0.28

X2+(aq)  + 2e-    X(s) -0.92

Y2+(aq)  + 2e-    Y(s) -0.14

Z+(aq)  + e-    Z(s) + 0.42

(a) Choose two elements from  W, X, Y and Z  which will produce the highest voltage in

a galvanic cell.  What is the E0
cell   of such a combination?  (2 marks)

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

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

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

(b) Draw a working galvanic cell which uses the elements specified in (a). Label the

following: (i) the positive electrode (ii) the direction of flow of anions.
Use an arrow to point to the relevant part (i) or where the process occurs (ii). (3 marks)



Question 11 (5 marks) 

(a) Write a balanced chemical equation to show the fermentation of glucose to ethanol.
Include states in the equation. (2 marks)

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

(b) Outline the optimal conditions required for the fermentation of glucose to ethanol.
(3 marks)

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

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

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

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

Question 12 (5 marks) 

(a) Calculate the mass of ethanol that must be burnt to increase the temperature of 210 g of
water by 65°C, if exactly half of the heat released by this combustion is lost to the
surroundings. The heat of combustion of ethanol is 1367 kJ mol −1. (3 marks))

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

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

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

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

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

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

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

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

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

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



(b) What are TWO ways to limit heat loss from the apparatus when performing a first-hand
investigation to determine and compare heat of combustion of different liquid alkanols?
(2 marks)

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

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

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

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

Question 13 (2 marks) 

 Explain the term “condensation polymer” using cellulose as an example.          

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

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

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

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

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

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

End of theory, continue with Data Processing 



Student Number .........................................  

Data Processing Mark ………………….... 

Data Processing - 41 marks 
Question 1 (7 marks) 

A 2.3 g sample of solid sodium metal is warmed in a reaction vessel with excess chlorine gas. A 
reaction occurs that produces sodium chloride solid. The initial potential energy (enthalpy) in the 
bonds of the reactants was 520 kJ mol −1 while the potential energy in the bonds forming in the 
product is 109 kJ/mol.  

Energy equal to 376 kJ mol −1 was supplied to the reactants to cause the reaction to proceed. 

(a) In the space below draw a fully labelled graph to show the enthalpy change as the
reaction proceeded. (4 marks)

(b) How many moles of sodium chloride solid would have formed in the reaction? (1 mark)

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

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

(c) Using the available information, calculate the energy released from the reaction?
Show working. (2 marks)

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

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

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



Question 2 (11 marks) 

The heats of combustion of three alkanols were determined. 

The results are shown in the table (the table is incomplete). 

Alkanol Heat released per 
gram of fuel (kJ) Molar mass Heat of combustion (kJ mol-1) 

1-propanol 33.7 

1-butanol 36.2 

1-hexanol 39.0 

(a) Complete the table for the molar mass and the molar heat of combustion of the alkanols.
(6 marks)

(b) Plot a graph of the heat of combustion versus the molecular weight of the three alkanols.
(3 marks)

Molecular weight 



(c) Use the graph to estimate to estimate the heat of combustion of 1- pentanol. (1 mark)

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

(d) Give a reason for the shape of the graph. (1 mark)

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

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

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

Continue to question 3 



Question 3 (10 marks) 

(a) Using the information in the graph below compare the reduction in greenhouse gas
emissions from gasoline/fossil fuels to using sugar cane / ethanol biomass.(2 marks)

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

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

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

(b) What would be the advantage of using corn ethanol as a fuel compared to cellulosic
biomass.

Show all working for calculation. (4 marks)

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

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

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

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

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

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



(c) Use the following flowchart, and your knowledge about the production of ethanol from
sugarcane, to discuss the carbon neutrality of using ethanol as a fuel. (4 marks)

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

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

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

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

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

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

http://www.google.com.au/url?sa=i&rct=j&q=industrial%20ethanol%20cycle&source=images&cd=&cad=rja&docid=rynhcCxXgXjidM&tbnid=mBBEnXc2WOvyUM:&ved=0CAUQjRw&url=http://www.hsc.csu.edu.au/chemistry/core/identification/chem923/chem923net.html&ei=ZuV2UtqXBYaLkwWzo4Ag&bvm=bv.55819444,d.dGI&psig=AFQjCNE2ItAlbA5P9GQCazdvZ2pxXhEWpw&ust=1383610078841109


Question 4 (13 marks) 

Batteries 
Batteries are devices that produce electric current from a spontaneous chemical reaction. 
Batteries have a finite life due to occurrence of unwanted chemical or physical changes to, or the 
loss of, active materials of which they are made. These changes are usually irreversible and they 
affect the electrical performance of the cell. There are several factors that affect battery life and 
performance

Battery Calendar Life is the elapsed time before a battery becomes unusable whether it is 
inactive or in active use. The two key factors influencing calendar life are temperature and time. 

Battery Shelf Life is the time an inactive battery can be stored before it becomes unusable, 
usually considered as having only 80% of its initial capacity. 

Battery Cycle Life is defined as the number of complete charge - discharge cycles a battery can 
perform before its capacity falls below 80% of its initial rated capacity. Key factors affecting 
cycle life are time t and the number N of charge-discharge cycles completed. Lifetimes of 500 to 
1200 cycles are typical. The actual ageing process results in a gradual reduction in capacity over 
time.  

Internal resistance of the cell is an alternative measure of cycle life. In this case the cycle life is 
defined as the number of cycles the battery can perform before its internal resistance increases by 
about 1.3 times or double its initial value when new. 

Depth of Discharge (DOD) (%) – The percentage of battery capacity that has been discharged 
expressed as a percentage of maximum capacity. 

Graph 1 is given below. Graphs 2,3,4 and 5 are on a separate data sheet. 

Graph 1 



Use Graphs 1 to 5 to answer the following questions: 

(a) In the space provided, create a table using the data of Graph 1. (3 marks)

(b) Use the grid to draw a graph that relates relative resistance against
temperature at 0.6 years of  battery life. (2 marks)

(c) Describe the relationship between internal resistance of a cell,  time  and temperature.
(2 marks)

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

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

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



(d) What can you conclude from these findings about the life of the battery?  (1 mark)

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

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

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

(e) What is the optimum cell operating temperature for the battery that corresponds to Graph
2? (1 mark)

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

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

(f) Which ONE of the graphs detail(s) the voltage capability and cycle life of a specific
battery as a function of temperature?.
Describe in detail the relationship(s) shown by your chosen graph.  (2 marks)

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

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

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

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



(g) Based on the information presented in Graphs 1 to 5, explain what operating
conditions must be used in order to ensure the maximum voltage obtainable and
the maximum lifetime for batteries.  Refer to the graph(s) in your explanation.
(2 marks)

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

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

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

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

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

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

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

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

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

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

End of Data Processing 



Data Sheet for question 4 

Graph 2 

Graph 3 



Graph 4 

Graph 5 

-20
o
C

20
o
C

55
o
C 

 
 






