
 

Chemistry 2007 
Sample assessment instrument and indicative response 

 

Supervised assessment: Equilibrium 
This sample is intended to inform the design of assessment instruments in the senior phase of 
learning. It highlights the qualities of student work and how they match the syllabus standards. 

Criteria assessed  
• Knowledge and understanding 

• Investigative processes 

• Evaluating and concluding 

Assessment instrument 
The work presented in this sample is in response to assessment items. 

 

The sample instrument and responses are presented together on pages 3–11 of this document. 
 
The supervised assessment covers the topic of equilibrium.  
 
A solubility table was provided for use with the assessment.  
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Instrument-specific criteria and standards 
Indicative responses have been matched to instrument-specific criteria and standards; those 
which best describe the student work in this sample are shown below. For more information about 
the syllabus dimensions and standards descriptors, see 
www.qsa.qld.edu.au/1952.html#assessment. 

 
 Standard A Standard B Standard C 

K
no

w
le

dg
e 

an
d 

un
de

rs
ta

nd
in

g 
 

The student work has the 
following characteristics: 

The student work has the 
following characteristics: 

The student work has the 
following characteristics: 

• reproduction and interpretation 
of complex and challenging 
concepts and principles 

reproduction and 
interpretation of complex or 
challenging concepts, 
theories and principles  

• reproduction of 
concepts 

• comparison and explanation of 
complex concepts and  
processes 

comparison and explanation 
of concepts and processes  

• explanation of simple 
processes and 
phenomena 

• linking and application of 
algorithms, concepts and  
principles to find solutions in 
complex and challenging 
situations 

linking and application of 
algorithms, concepts and 
principles to find solutions in 
complex or challenging 
situations 

• application of 
algorithms, concepts 
and  principles  to find 
solutions in simple 
situations 
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The student work has the 
following characteristics: 

The student work has the 
following characteristics: 

The student work has the 
following characteristics: 

• systematic analysis of 
secondary data to identify 
relationships between patterns 
and trends 

• analysis of  secondary 
data to identify patterns 
and  trends 

• analysis of secondary 
data to identify obvious 
patterns and  trends  
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The student work has the 
following characteristics: 

The student work has the 
following characteristics: 

The student work has the 
following characteristics: 

• analysis and evaluation of 
complex scientific 
interrelationships 

• analysis of complex 
scientific 
interrelationships 

• description of scientific 
interrelationships  

• exploration of scenarios and 
possible outcomes with 
justification of 
conclusions/recommendations 

• explanation of scenarios 
and possible outcomes 
with discussion of 
conclusions/recommenda
tion 

 
 

• description of scenarios 
and possible outcomes 
with statements of 
conclusion/ 
recommendation  

Note: Colour highlights have been used in the table to emphasise the qualities that discriminate 
between the standards. 
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Indicative response — Standard A 
The annotations show the match to the instrument-specific standards.  

 
Comments Question 1 

Carbon monoxide can react with fluorine to produce carbon oxyfluoride as 
shown in the equation:  

CO(g)   +   F2(g)     →      COF2(g)  
 

A scientist studying this reaction measured the concentration of each of these 
gases in a sealed 2.0 L reaction vessel over a period of time. The results are 
shown below. 
 
  

 

 

 

 

 

 

 

The following questions may be answered by interpreting the graph above. 

(a) What gases were present in the reaction vessel at the start of the 
experiment?   

(b) What were the initial concentrations of these gases? 

(c) During what time did the reaction first reach equilibrium? 

(d) At t = 15 minutes, a change was made to the system by the scientist. 

(i) Analyse the data, and deduce from the graph what change was made by        
the scientist.   

(ii) Explain how the system responded to this change. 

(e) At t = 30 minutes, the temperature of the reaction vessel was decreased. 
What effect did the decrease in temperature have on this reaction? 

 

Response 

(a) COF2, F2 

(b) COF2  0.5 mol/L, F2  0.2 mol/L 

(c) At 10-15 minutes where the lines are horizontal 

(d) (i) There was a sharp decrease in F2. This was the initial change. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
analysis of 
secondary data to 
identify obvious 
patterns, trends, 
errors and 
anomalies 
 
analysis of 
secondary data to 
identify patterns, 
trends, errors and 
anomalies 
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Comments (ii)  Then there was a gradual increase in CO and F2 (g) and a gradual 

decrease in COF2. This has been caused by the removal of the F2 (g). The 
reaction goes to the left to replace the F2 (g) and this means that more CO is 
produced and the COF2 is used up. 

 

(e)There was a gradual decrease in F2 and CO, and a corresponding gradual 
increase in COF2. This means the reaction has gone to the right and has 
gradually come to equilibrium again by 35 minutes.  

 

Question 2 

Two separate, closed systems are set up and allowed to come to equilibrium: 

 
     System 1: (g)2(g)2(g) 2HIIH ⇒+  

     System 2: (g)2(g)2(g) SHSH ⇒+  

What effect would there be on each of these systems, if the pressure of both 
systems were doubled?  Explain your answer, using both Le Chatelier’s 
Principle and the particle theory of matter. 

 

Response 

Le Chatelier’s Principle states that ‘if a system at equilibrium is disturbed, then 
the system adjusts itself so as to minimise the disturbance’. An increase in 
pressure causes a system to go in the direction where there are less particles. In 
system 1, there are the same number of particles on each side of the equation. 
A change in pressure will have no effect. In system 2, an increase in pressure 
will cause a shift to the right as there is one mole on this side of the equation 
and two moles on the reactant side.  

 

 
comparison and 
explanation of 
complex concepts 
and processes 
 
reproduction and 
interpretation of a 
complex and 
challenging concept 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
comparison and 
explanation of 
concepts and 
processes  
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Comments  Question 3 

The concentrations of the three substances in the reaction 
 

PCl3(g)   +   Cl2(g)       PCl5(g)                                   H  = -93 kJ/mol 
 

are shown in the graph. 

 
(a) There has been a change to this system at the 5 minute mark. Describe 
this change and discuss what you think has occurred. 
 
(b) At the 15 minute mark, more chlorine gas is added to the system. Sketch 
on the graph what changes are likely to occur to the concentrations of the 
three substances as it establishes equilibrium at the 25 minute mark. Explain 
these changes. 
 

Response 

(a) At the 5 minute mark the following has occurred: 

     PCl3(g) concentration has decreased 

    Cl2(g) concentration has decreased 

    PCl5(g) concentration has decreased 

The concentration of reactants on both sides of the equation have decreased. 
This can be explained by a sudden increase in volume.  

 (b)  

 
If more chlorine gas is added, the line for chlorine concentration increases.As 
more chlorine is added, the system moves to counteract the change i.e. 
remove the chlorine. So, the reaction moves to the right. When this happens 
the PCl3(g) concentration decreases and the PCl5(g) concentration increases, 
until equilibrium is re-established. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
reproduction of a 
principle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
comparison and 
explanation of 
concepts and 
processes 
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Comments Question 4 

Consider the reaction        )(3)(2)(2 22 ggg SOOSO ⇒+  

 

The composition of an equilibrium mixture at 1000 K was  

 [O2] = 0.010 M,  [SO2] = 0.022M,  [SO3] = 0.029 M.   

(a) Calculate the equilibrium constant. 

(b) A mixture was prepared in which  
 [O2] = 0.018 M,  [SO2] = 0.038 M  and [SO3] = 0.047 M 

 Is this mixture at equilibrium?   Why or why not?   
 If not, in which direction would you expect the reaction to go?  
 

Response 

(a)The equilibrium constant at 1000K is calculated by 

76.173
01.0022.0

029.0

][O][SO
][SOK

2

2
2

2
2

2
3

=
×

=

=

 

(b) 

98.84
018.0038.0

047.0
2

2

=
×

=Q

 

In this case, Q<K. The reaction is not at equilibrium. The reaction will go from 
left to right until Q = K. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
linking and 
application of 
algorithms,  
concepts and 
principles to find a 
solution in a 
complex or 
challenging 
situation 
 
 
 
explanation of a 
scenario and 
possible outcomes 
with justification of 
a conclusion 
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Comments Question 5 

Tooth decay is the result of the dissolving of tooth enamel, Ca5(PO4)3OH. 
In the mouth, the following equilibrium is established. 

( ) ( ) ( ) ( ) ( )aqaq
3

4aq
2

s345 OHPO3Ca5OHPOCa −−+ ++⇔  

Bacteria in the mouth ferment sugar in our food to produce acid.   

Suggest, using this information and your knowledge of chemistry, why this 
increased level of acid in the mouth causes tooth decay. 

 

Response 

Ca5(PO4)3OH (s)  is a solid. When acid is added more H+ ions enter the mouth. 
These will react with the OH- ions to form water. In effect the OH- ions are 
removed from the right hand side of the equation. Le Chatelier’s Principle states 
that ‘if a system at equilibrium is disturbed, then the system adjusts itself so as to 
minimise the disturbance’.  The equation will go to the right to try to compensate 
for the removal of the OH- ions. This will cause the enamel to break down. 

 

Question 6 

The following is stimulus material for question 6.  
 
Graph 1 below shows the percentage of ammonia produced by a 3:1 starting 
mixture of H2 to N2 at different temperatures and pressures. 
 

)(3)(2)(2 23 ggg NHHN ⇔+  H = -92.4 kJ/mol 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
reproduction and 
interpretation of a 
complex and 
challenging 
principle 
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Comments The diagram represents the industrial production process for ammonia by a 3:1 

starting mixture of H2 to N2. 
 

 
 
The equations below show a mechanism for the catalytic synthesis of ammonia 
using an iron catalyst. Note: (ads) means the reagent is adsorbed onto the 
surface of the catalyst. 

H2(g) 2H(ads) 
N2(g) N2(ads) 

N2(ads) 2N(ads) 
N(ads) NH(ads) NH2(ads)  NH3(ads) 

NH3(ads) NH3(g) 
 

Graph 2 below shows the progress of the reaction against the energy level. 
 

 
 
(a) What conditions of temperature and pressure would produce the maximum 
amount of ammonia gas? What trend is shown in the data? 
 
(b) The industrial conditions are usually about 4500C and 200–300 atmospheres 
of pressure.  

(i) Why do you think this is so?  
(ii) What level of production of ammonia will result under these conditions? 
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Comments (c) During the industrial process the reaction never comes to the equilibrium 

phase. Explain why. 
 
(d) Estimate the activation energy for the reaction without a catalyst. 

(e) (i) Which stage of the mechanism in Graph 2 requires the most energy? 

          Estimate the energy required.  

     (ii) Where do the reactions take place? Why? 

 

Response 

(a) The data shows that the maximum amount is produced at about 2000C and 
1000 atmospheres of pressures. The trend shown is that progressively lower 
temperatures and higher pressures increase the percentage of ammonia 
produced. Higher temperatures and pressures do not produce greater amounts 
of ammonia. 
  
(b)The industrial process requires many steps. Even though more ammonia may 
be produced at higher pressures, this would be impracticable to maintain in the 
vessels. The containment vessels would have to be very strong to do this on a 
continual basis.  
 
When the gases leave the reactor they are hot and at a very high pressure. 
Ammonia is easily liquefied under pressure as long as it isn’t too hot, and so the 
temperature of the mixture is lowered enough for the ammonia to be turned into 
a liquid.The hydrogen and the nitrogen remain as gases even under these high 
pressures and can be recycled.The percentage of ammonia produced is 
estimated at 30–38.  
 
(c) If the reaction was allowed to come to equilibrium, the rate of the forward 
reaction would equal the rate of the backward reaction. No more ammonia 
would be produced and no more reactants could be added. In the process, the 
ammonia produced is continually drawn off and the hydrogen and nitrogen 
gases are recycled to go back into the reactor again.  
 
(d) 200 kJ/mol 
 
(e) N(ads) + 3H (ads)  NH(ads) + 2H (ads) 
This reaction requires more energy than the other steps. In this step the nitrogen 
atom is attaching to one hydrogen atom. 172.5 kJ/mol. The reaction takes place 
on the surface of the iron catalyst to facilitate the joining of the two atoms. 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
analysis of secondary 
data to identify 
obvious trends 
 
 
 
 
 
explanation of a 
scenario with 
discussion of 
conclusions 
 
 
 
 
 
reproduction and 
interpretation of 
complex and 
challenging concepts 
and principles 
 
 
 
 
 
systematic analysis 
of secondary data to 
identify relationships 
between patterns 
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Comments Question 7 

Potassium dichromate (KCr2O 7) is an orange crystalline solid while potassium 
chromate (KCrO4) is a yellow crystalline solid. In both cases it is the anions that are 
coloured. In aqueous solutions an equilibrium exists between these anions. 

 

Cr O aq OH aq CrO aq H O l H kJ2 7
2

4
2

22 2 97− −
←
→ −+ + = −( ) ( ) ( ) ( ):          ∆  

Orange                                        Yellow 

An experiment was performed as follows:  
 
 

 
Dichromate solution was added to beaker 1 and beaker 2. 0.1M sodium hydroxide 
solution was added to beaker 1 and  0.1M hydrochloric acid was added to beaker 2. 
Then equal amounts of barium nitrate solution was added to each beaker. Explore this 
scenario, comparing the appearance in each beaker and comment on the relationship 
between the amount of precipitate formed and the pH. Justify your conclusion. 
 
 

Response 

In beaker 1 the reaction will proceed to the right as more OH- ions are added according 
to Le Chatelier’s Principle. Therefore more CrO4

- - ions will be produced causing the 
solution to turn to a yellow colour. When the Ba+ +ions are added, the Ba+ +ions will react 
with CrO4

- - ions to form insoluble BaCrO4. A white precipitate will be seen in the yellow 
solution. 

The equilibrium reaction is  

Cr2O 7 
- -(aq) +   2OH-(aq)        2CrO4

- -(aq) +2OH-(aq) + 2H+ (aq) and 

the reaction to form the precipitate is as follows: 

Ba+ +
(aq) + CrO4

- -
(aq)  BaCrO4(s) 

In beaker 2 the reaction will proceed to the left as more H+ ions are added according to 
Le Chatleier’s Principle. Therefore more Cr2O 7 

- - ions will be produced causing the 
solution to stay the orange colour. When the Ba+ +ions are added, the Ba+ +ions will react 
with Cr2O 7 

- - ions to form soluble BaCr2O7. No precipitate will be seen.  

So the more CrO4
- - ions there are, or the higher the pH, the greater the amount of 

precipitate will form.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
comparison and 
explanation of 
complex concepts 
and processes  
 
 
linking and 
application of 
algorithms, concepts 
and principles to find 
solutions in complex 
and challenging 
situations 
 
exploration of 
scenarios and 
possible outcomes 
with justification of 
conclusions/recomm
endations 
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Comments Question 8 

𝑁2 𝑂4(𝑔)  ↔ 2𝑁𝑂2(𝑔) 

 

Temperature K Equilibrium constant K 

273 5.7x10-4 

298 4.7x10-3 

373 0.48 

500 41.4 

 
The table shows the values of the equilibrium constant at certain temperatures. 
Systematically analyse the data to identify relationships within the data. Explore 
the different scenarios given and conclude whether the reaction is endothermic 
or exothermic. Justify your conclusion.  

 

Response 

The table shows that the temperature at which K was calculated is continually 
increasing from 273 K to 500 K. The equilibrium constant K from 273 K to 500 K 
is increasing also e.g from 5.7x10-4 to 41.4. So, as temperature increases so 
does the value of K. 

 

The value of K is calculated using the concentrations of the reactants and 
products by the equation 

𝐾 =
[𝑁𝑂]2

[ 𝑁2 𝑂4]
 

For the value of K to be increasing, the concentration of the NO e.g. [NO] must 
be also increasing and the concentration of the N2O4  e.g [N2O4 ] must be 
decreasing. This will occur if the reaction proceeds to the right. If the 
temperature is increasing, by Le Chatelier’s Principle, the reaction will move to 
try to counteract the change i.e remove the temperature. So, if the reaction 
moves to the right, then the reaction must be endothermic. The energy is added 
to the N2O4(g) to produce the NO(g). 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
analysis of secondary 
data to identify 
obvious patterns 
 
 
 
analysis and 
evaluation of a 
complex scientific 
interrelationship 
 
 
 
exploration of a 
scenario and 
possible outcome 
with justification of 
the conclusion  
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Instrument-specific criteria and standards 

 Standard A Standard B Standard C Standard D Standard E 

K
no

w
le

dg
e 

an
d 

co
nc

ep
tu

al
 u

nd
er

st
an

di
ng

 reproduction and interpretation 
of complex and challenging 
concepts, theories and 
principles  
1e, 5, 6c  
 

reproduction and interpretation 
of complex or challenging 
concepts, theories and 
principles  

reproduction of a concept 
3a 
 

reproduction of simple 
ideas and concepts 

reproduction of 
isolated facts 
 

comparison and explanation of 
complex concepts and 
processes  
7, 1d (ii) 
 

comparison and explanation of 
concepts and processes 
  2, 3b 
 

explanation of simple 
processes and phenomena 
 

description of simple 
processes and 
phenomena 
 

recognition of isolated 
simple phenomena 
 

linking and application of 
algorithms, concepts and 
principles to find solutions in 
complex and challenging 
situations  
7 

linking and application of 
algorithms, concepts and 
principles to find solutions in 
complex or challenging 
situations 
4a 

application of algorithms, 
concepts and principles to 
find solutions in simple 
situations. 
 

application of algorithms, 
and principles 

application of simple 
given algorithms 

In
ve

st
ig

at
iv

e 
pr

oc
es

se
s systematic analysis of 

secondary data to identify 
relationships between 
patterns, trends, errors and 
anomalies 
6 d, e 
 
 
 
 

analysis of  secondary data to 
identify patterns, trends, errors 
and anomalies 
1c, d (i) 

analysis of secondary data 
to identify obvious 
patterns, and trends 
1a,b,6a,8 

identification of obvious 
patterns and errors 

recording of data 
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 analysis and evaluation of 
complex scientific 
interrelationships 
8 
 

analysis of complex scientific 
interrelationships 

description of scientific 
interrelationships  
 

identification of simple 
scientific 
interrelationships 

identification of 
obvious scientific 
interrelationships 

exploration of scenarios and 
possible outcomes with 
justification of conclusions  
4b, 7, 8 
 

explanation of scenarios and 
possible outcomes with 
discussion of conclusions 
6b 

 

description of scenarios 
and possible outcomes 
with statements of 
conclusion 

identification of senarios 
or possible outcomes 

statements about 
outcomes 
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