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 Grade: Excellence  

1. For Excellence, the student needs to carry out an investigation in chemistry involving 
quantitative analysis. 
 
This involves producing evidence of a report on the investigation that includes 
justification of the steps used, a comprehensive evaluation of the investigation, and 
shows accurate processing of the collected data including the correct use of 
significant figures and units. 
 
The student needs to produce evidence to justify their method in terms of the 
reactions involved, the nature of the sample, how the processed data supports their 
conclusion, reliability of the collected data, and how the results of their investigation 
link to chemical principles/ real life applications. 
 
This student has justified the steps taken in their investigation by linking the key 
reactions involved to the relevant steps in their investigation (1). The student has 
also justified how the processed data links to the conclusion (2) and linked the 
conclusion of their investigation to real life applications and chemistry ideas (3). 
 
The student has provided evidence of evaluating the reliability of the data and the 
procedure used as well as possible sources of error (4). 
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Background information, method, and results were included  

in the report. 

Method: 
After the standardisation has been completed, the quantitative analysis of the estuary 
samples can begin. By using Mohr’s method of titration we can determine the concentration 
of Cl- ions in the estuary samples. As silver nitrate is added to the sample, the Ag+ ions react 
with the chloride ions in the seawater to form the white precipitate AgCl, similar to the 
standardisation experiment:  
Ag+ + Cl-→ AgCl 
The silver ions can also react with the chromate ions in the indicator (Cr2O7

2-) to form 
chromate, which presents as a red pigment: 2 Ag+ + Cr2O7

2- → Ag2Cr2O7 
When silver nitrate is titrated against the sample, the silver cations bond to the chloride 
anions to form the white precipitate. When there are no more chloride ions left to react with, 
the silver ions begin bonding to the chromate ions to form the potassium chromate indicator, 
turning the solution a reddish colour. The titrations depict ‘how much’ silver ions are required 
to react with all of the chloride ions in the sample. Therefore, when the solution goes red, it 
means that there are no longer chloride ions for the silver ions to bond with and therefore 
means the titration is complete. 
Conclusion:  
The results show an average declining trend for the concentration of chloride in the estuary 
as you move from the sea towards the river, as shown on the graph above. The chloride 
concentration was high at 0.538 mol L-1 on the seaside of the estuary (460 m from the sea) 
and gradually decreasing to a concentration of 0.254molL-1 near the river mouth (2340 m 
from the sea). The average trend shows that as the distance from the sea increases, the 
chloride concentration in the estuary decreases. We retrieved a single outlying result (sample 
4: 1810 m from the sea) that does not follow the trend line that our other results follow. 
Omitting this result from the graph shows a clear linear trend line. 
Discussion:  
NaCl salt, when dissolved, separates into individual respective ions Na+ and Cl-. Water 
molecules surround the individual ions, arranged so the positive and negative dipoles of the 
H2O molecules attract to the oppositely charged ions. The more salt dissolved in water 
results in more of these ions present in the solution and therefore will present a higher 
concentration of Cl-, which means water with a higher salinity will have a higher chloride 
concentration. As outlined in the background information, seawater generally has a high 
chloride concentration due to its high amount of dissolved salts. Freshwater has little to no 
salt content and therefore a very low chloride ion concentration. The collision of fresh river 
water and seawater from the ocean in the estuary causes a gradient of chloride 
concentration, where seawater-dense areas in the river have higher concentrations of 
chloride and gradually decrease to little or no chloride in the river side. Our results display a 
clear trend line from a high chloride concentration of 0.538 mol L-1 only 460 m from the 
ocean opening to a low concentration of 0.254 mol L-1 2.34 km from the ocean (very close to 
the river). 
The independent variable ranges used was 460 m, 550 m, 810 m, 1810 m and 2340 m from 
the opening of the Gulf. These points were the most spread out data points possible, taking 
into account water accessibility (which was a limiting factor in where we collected our data). 
The dependent variable, chloride concentration, was measured using Mohr’s Method of 
titration. We used images of our titrations to compare the orange colour between sets of 
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titrations to ensure we had a consistent end point between each titration, making the end 
point a variable we had to control. The chloride concentration of the samples is not affected 
by exposure to heat, sunlight or other environmental factors and does not denature over 
time. We stored them in clear, rinsed plastic bottles to avoid contamination from the bottle. 
We used the same concentration of silver nitrate throughout the investigation, and monitored 
this by standardising the silver nitrate solution before and after the investigation to show that 
the concentration stayed the same. We also collected the samples on the same day. This 
ensured variables such as weather were controlled and didn’t affect the result. This could be 
a major source of error as variability of wind and precipitation could change the chloride 
concentration levels. Due to the differing densities of fresh and salt water, they do not mix 
readily. “Wind is frequently the most important mixing tool for the fresh and saltwater” 
(USEPA, 2013). The estuary is heavily influenced by wind for the brackish water mixing. 
Wind becomes an important factor into how well the two mix, so collecting samples on 
different days could alter the mixing of the two and therefore affect the results. Rain 
increases the freshwater in the estuary which decreases the average chloride concentration. 
It did not rain during our sample collection and therefore did not factor into our results, 
however, if we did not keep it controlled this would become a major error in case of 
precipitation differences. “In shallow, bar-built estuaries, direct rainfall […] may be as 
important to the water balance of the area as river and stream flow” (Pfafflin, J.R.). 
Therefore, the precipitation was controlled as throughout our sample collection there was no 
rainfall that would interfere with the results. 
We took accuracy improving measures to ensure that validity of the data. Measuring all 
volumes at eye level using the bottom of the meniscus to reduce parallax error. If we didn’t 
measure the volumes accurately then this would change the amount of substance we were 
adding which would then has a flow on effect to the titres we would record. This would mean 
that our final concentration of chloride ions in the sample would not be accurate. We had 
separate flasks for separate solutions to ensure none of the solutions used got contaminated 
or affected as this could cause the solutions to react before we wanted them to and therefore 
affect our results. We also made sure that we rinsed all the equipment with distilled water 
and then the solution we were adding to it to make sure that there were no contaminants in 
the glassware as these could react with our solutions and again affect our titres. 
To ensure reliability of the data, we repeated the titrations for each sample at least four times 
and averaged to get a final, more accurate titre value. For standardisation titrations, we 
continued titrations until we got 3 concordant results (within 0.1 mL of each other). By 
repeating and averaging we ensured our results were reliable and not just a ‘one-off’ result. 
We had to modify the given method slightly in order to carry out the investigation. The 
method suggests using a 10:40 dilution of sample to distilled water, however, when we tried 
this method, the titre value was too high to get an accurate value from the burette, we 
decreased the dilution to 10:90 in order to be able to get a titre values low enough to 
complete with the given equipment. This was done to every sample to ensure that the titre 
values were not too small which would increase the margin of error of the titre samples and 
also so they weren’t too large which would require us to refill the burette and therefore 
introduce another source of error. 
A few limitations were encountered during sample collection and the investigation. We could 
not control the plant growth surrounding sample sites. As mentioned earlier, surrounding 
flora and fauna such as mangroves can affect the chloride concentrations in the estuary 
water. We could not select specific sites each with similar growth patterns due to the 
accessibility of each point. 
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 Grade Boundary: High Merit 

 For Merit, the student needs to undertake effective project management to support 
technological practice.  

This involves:  

• the collection of quality data, which includes standardising the standard 
solution(s) and the control of significant variables 

• accurate processing of the data to reach a valid conclusion 
• providing evidence of the mathematical steps used to process the 

experimental data 
• presenting a report that contains: 

• a description of the procedure in sufficient detail for the investigation 
to be duplicated 

• a conclusion that links the processed data to the purpose of the 
investigation 

• an explanation of how the procedure used contributed to the 
collection of quality data. 

 

This student has accurately processed data (1), given a conclusion that links the 
processed data to the purpose of the investigation (2), and explained how the 
procedure contributed to the collection of quality data (3). 

This student begins to justify the steps used in the procedure in terms of the 
reactions that are taking place to allow for the collection of the data.  
 
This evidence does not reach Excellence because the student needs to evaluate 
their investigation in terms of how the conclusion(s) relate to chemistry ideas and/or 
real-life applications, the reliability of the data, and how the processed data supports 
their conclusion(s). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Purpose: 
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To investigate by quantitative analysis, the variation in the concentration of Vitamin C (in gL-1) 
of “Just Juice Orange and Mango” juice when heated to 20, 40, 60, 70 and 80 degrees 
Celsius for 10 minutes. 
 
 
Calculations: 
These are sample calculations, all calculations done are in log book. 
 
Actual concentration of S2O3

2- 
Using: IO3

- + 5I- + 6H+
 → 3I2 + 3H2O 

n(IO3
-) = c x V = 0.0100 x (25/1000) = 2.5 x10-4 

n(I2) = 2.5 x10-4 x 3 = 7.5 x 10-4 mol 
 
Using: 2S2O3

2- + I2 → 2I- + S4O6
2-  

n(S2O3
2-) = 2 x 7.5 x10-4 =1.5 x10-3 mol 

c(S2O3
2-) = n/V = (1.5 x10-3) / 0.0293333 = 0.051136364 molL-1  

 
This concentration will be used for further calculations 
 
Part A – calculation of blank titration: 
V(S2O3

2-) = 0.02925 
n = c/V therefore n(S2O3

2-) = 0.0511 x 0.02925 = 1.494675 x10-3 
n(I2 total) = ½ x 1.494675 x10-3 = 7.47335 x10-4 mol 
This represents the maximum number of moles of iodine formed when no vitamin C is 
present. 
 
Part B – calculation of back titration: 
20°C 
n(I2) =7.47335 x10-4 
n(S2O3

2-) = 0.0511 x 0.018167 (average at this temperature) 
n(S2O3

2-) = 9.283337 x10-4 mol 
n(I2 remaining) = ½ x 9.283337 x10-4 = 4.6416685 x10-4 

 
Vitamin C reacts with iodine at a 1:1 mole ratio. This means that calculating the number of I2 
moles that reacted with vitamin C, the number of moles of vitamin C can be calculated. 
 
So: 
n(I2 reacted with vit C) = n(I2 remaining) = 7.47335 x10-4 - 4.6416685 x10-4

  = 2.8317065 x10-4 
 

mol = n(vitamin C) 
c(vitamin C) = n/V = 2.8317065 x10-4 

 / 0.1 = 2.8317065 x10-3 molL-1 
c(vitamin C in gL-1) = 176 x 2.8317065 x10-3 (where 176 is the molar mass of vitamin C in g 
mol-1) = 0.498380344 gL-1 
 
 
 
 
Final Evaluation: 
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From the data obtained in the experiment and from the graphs of the data we can see that 
there is quite a strong negative relationship between the temperature of the juice and the 
vitamin C content of the juice. The lowest temperature of 20°C had a vitamin C concentration 
of 0.498380344 gL-1, and the highest temperature of 80°C had a concentration of 0.27456 
gL-1. 
The procedure used for this investigation was the analysis of the amount of vitamin C in juice 
using an iodine-thiosulfate back titration. The iodine used was produced by reacting KIO3 
with KI as it would have been too difficult to handle an iodine solution.  
IO3

- + 5I- + 6H+ → 3I2 + 3H2O 
Using this method of indirectly producing iodine the known number of moles in the solution is 
more accurate.  
In the original method, the concentration of sodium thiosulfate was 0.1 molL-1. However it 
was determined that this concentration of thiosulfate meant that the range that the number of 
moles of iodine would decrease was too small to determine an accurate difference, therefore 
it was decided to use a concentration of approximately 0.05 molL-1.  
Quite a few uncertainties were removed from the experiment. We did this by always using 
the same equipment in each titration which meant that no other solutions could contaminate 
the equipment. We made sure we used the same solutions for sodium thiosulfate and 
potassium iodate because of the risk of slightly different solutions if we made batches. 
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 Grade Boundary: Low Merit 

3. For Merit, the student needs to carry out an in-depth investigation in chemistry 
involving quantitative analysis. 
 
This involves: 
 

• the collection of quality data, which includes standardising the standard 
solution(s), and the control of significant variables 

• accurate processing of the data to reach a valid conclusion 
• providing evidence of the mathematical steps used to process the 

experimental data 
• presenting a report that contains:  

• a description of the procedure in sufficient detail for the 
investigation to be duplicated 

• a conclusion that links the processed data to the purpose of the 
investigation 

• an explanation of how the procedure used contributed to the 
collection of quality data. 
 

This student has accurately processed data (1), given a conclusion that links the 
processed data to the purpose of the investigation (2), and given an explanation of 
how the procedure used contributed to the collection of quality data (3). 
 
For a more secure Merit, the student could provide evidence of the mathematic 
steps used to determine the concentration of S2O32-, use appropriate significant 
figures and units, and give a more comprehensive evaluation. 
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Purpose: 
To investigate by quantitative analysis, the variation in the concentration of Vitamin C (in gL-1) 
of “Just Juice Orange and Mango” juice when heated to 20, 40, 60, and 80 degrees Celsius 
for 10 minutes. 
 
 
Calculations: 
 
Part A – calculation of blank titration: 
V(S2O3

2-) = 0.02925 
n = c/V therefore n(S2O3

2-) = 0.0511 x 0.02925 = 1.494675 x10-3 
n(I2 total) = ½ x 1.494675 x10-3 = 7.47335 x10-4  
 
Part B – calculation of back titration: 
20°C 
n(I2) =7.47335 x10-4 
n(S2O3

2-) = 0.0511 x 0.018167 (average at this temperature) 
n(S2O3

2-) = 9.283337 x10-4  
n(I2 remaining) = ½ x 9.283337 x10-4 = 4.6416685 x10-4 

 
n(I2 reacted with vit C) = n(I2 remaining) = 7.47335 x10-4 - 4.6416685 x10-4

  = 2.8317065 x10-4 
 

mol = n(vitamin C) 
c(vitamin C) = n/V = 2.8317065 x10-4 

 / 0.1 = 2.8317065 x10-3  
c(vitamin C) = 176 x 2.8317065 x10-3  = 0.498380344  
 
Final Evaluation: 
From the data obtained in the experiment and from the graphs of the data we can see that 
there is quite a strong negative relationship between the temperature of the juice and the 
vitamin C content of the juice.  
The procedure used for this investigation was the analysis of the amount of vitamin C in juice 
using an iodine-thiosulfate back titration. The iodine used was produced by reacting KIO3 
with KI as it would have been too difficult to handle an iodine solution.  
IO3

- + 5I- + 6H+ → 3I2 + 3H2O 
Using this method of indirectly producing iodine the known number of moles in the solution is 
more accurate.  
In the original method, the concentration of sodium thiosulfate was 0.1 molL-1. However it 
was determined that this concentration of thiosulfate meant that the range that the number of 
moles of iodine would decrease was too small to determine an accurate difference, therefore 
it was decided to use a concentration of approximately 0.05 molL-1.  
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 Grade Boundary: High Achieved 

4. For Achieved, the student needs to carry out an investigation in chemistry 
involving quantitative analysis. 
 
This involves: 
 

• exploring a possible trend or pattern in the quantity of substance in a 
sample 

• developing and carrying out a procedure to collect data about a possible 
trend or pattern in the quantity of a substance 

• collecting and recording a sufficient quantity of data to enable a conclusion 
to be reached 

• processing of the data to reach a conclusion 
• presenting a report that contains: 

• a statement of the purpose of the investigation 
• a description of the procedure that includes preparation of samples 

and the analytical technique used 
• a summary of the collected and processed data 
• a conclusion based on the processed data. 

 
This student has given a statement of the purpose of the investigation (1), 
processed data (2) and given a conclusion that is based on processed data (3).  
 
To reach Merit, the student could investigate a minimum of 5 values of the 
independent variable in order to reach a valid conclusion, give a conclusion that 
links the processed data to the purpose of the investigation, and give an 
explanation of how the procedure used contributed to the collection of quality data. 
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Purpose: 
To investigate by quantitative analysis, the variation in the concentration of Vitamin C of “Just 
Juice Orange and Mango” juice when heated to 20, 40, 60, and 80 degrees Celsius for 10 
minutes. 
 
Calculations: 
 
Part A – calculation of blank titration: 
V(S2O3

2-) = 0.02925 
n(S2O3

2-) = 0.0511 x 0.02925 = 1.494675 x10-3 
n(I2 total) = ½ x 1.494675 x10-3 = 7.47335 x10-4  
 
Part B – calculation of back titration: 
20°C 
n(I2) =7.47335 x10-4 
n(S2O3

2-) = 0.0511 x 0.018167 n(S2O3
2-) = 9.283337 x10-4  

n(I2 remaining) = ½ x 9.283337 x10-4 = 4.6416685 x10-4 

 
n(I2 reacted with vit C) = n(I2 remaining) = 7.47335 x10-4 - 4.6416685 x10-4

  = 2.8317065 x10-4 
 

mol = n(vitamin C) 
c(vitamin C) = n/V = 2.8317065 x10-4 

 / 0.1 = 2.8317065 x10-3  
 
Conclusion: 
From the data obtained in the experiment and from the graphs of the data we can see that as 
the temperature is increased the average titre increases. 
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 Grade Boundary: Low Achieved 

5. For Achieved, the student needs to carry out an investigation in chemistry 
involving quantitative analysis.  
 
This involves: 
 

• exploring a possible trend or pattern in the quantity of substance in a 
sample 

• developing and carrying out a procedure to collect data about a possible 
trend or pattern in the quantity of a substance 

• collecting and recording a sufficient quantity of data to enable a conclusion 
to be reached 

• processing of the data to reach a conclusion 
• presenting a report that contains: 

• a statement of the purpose of the investigation 
• a description of the procedure that includes preparation of samples 

and the analytical technique used 
• a summary of the collected and processed data 
• a conclusion based on the processed data. 

 
This student has explored a possible trend or pattern in the quantity of substance 
in a sample and collected a sufficient quantity of data to enable a conclusion to be 
reached (1). They have processed the data, with some errors (2), to reach a 
conclusion based on the processed data (3). 
 
For a more secure Achieved, the student could more clearly state the purpose and 
the conclusion. 
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Purpose: 
To investigate what happens to the vitamin C in fruit juice when it is heated to 20, 40, 60, and 
80 degrees Celsius for 10 minutes. 
 
 
Calculations: 
 
Part A – calculation of blank titration: 
V(S2O3

2-) = 0.02925 
n(S2O3

2-) = 0.0511 x 0.02925 = 1.49 x10-3 
n(I2 total) = ½ x 1.49 x10-3 = 7.47 x10-4  
 
Part B – calculation of back titration: 
20°C 
n(I2) =7.47 x10-4 
n(S2O3

2-) = 0.01 x 0.0182 n(S2O3
2-) = 1.82 x10-4  

n(I2 remaining) = ½ x 1.82 x10-4 = 0.91 x10-4 

 
n(I2 reacted with vit C) = n(I2 remaining) = 7.47 x10-4 – 0.91 x10-4

  = .656 x10-4 
 mol = 

n(vitamin C) 
c(vitamin C) = n/V = .656 x10-4 

 / 0.1 = 0.656 x10-3  
 
Conclusion: 
As the temperature is increased the volume of thiosulfate needed increases. 
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 Grade Boundary: High Not Achieved 

6. For Achieved, the student needs to carry out an investigation in chemistry 
involving quantitative analysis.  
 
This involves: 
 

• exploring a possible trend or pattern in the quantity of substance in a 
sample 

• developing and carrying out a procedure to collect data about a possible 
trend or pattern in the quantity of a substance 

• collecting and recording a sufficient quantity of data to enable a conclusion 
to be reached 

• processing of the data to reach a conclusion 
• presenting a report that contains: 

• a statement of the purpose of the investigation 
• a description of the procedure that includes preparation of samples 

and the analytical technique used 
• a summary of the collected and processed data 
• a conclusion based on the processed data. 

 
This student has investigated a possible trend and stated a purpose (1) and made 
a conclusion based on some of the processed data (2). 
 
To reach Achieved, the student could include a summary of the processed data in 
the report, and base the conclusion on more than one value of the independent 
variable.  
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Purpose: 
To investigate what happens to the vitamin C in fruit juice when it is heated to 20, 60, and 80 
degrees Celsius. 
 
 
Calculations: 
 
20°C 
c(vitamin C) = n/V = .656 x10-4 

 / 0.1 = 0.656 x10-3  
 
Conclusion: 
The juice heated to 20°C had 0.656 x 10-3 molL-1 of vitamin C. 
 

 

 


