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Achievement Standard - 90694 
 
Subject Reference Chemistry 3.1 

Title Carry out an extended practical investigation into variations 
in the amount of a substance 

Level 3 Credits 4 Assessment Internal 

 

 
This achievement standard involves individually carrying out an extended practical 
investigation into variations in the amount of a substance. 
 

Achievement Criteria 
 

Achievement Achievement with Merit Achievement with 
Excellence 

 Develop and carry out a 
feasible plan to 
investigate variations in 
the amount of a 
substance. 

 Develop and carry out a 
workable plan to 
investigate variations in 
the amount of a 
substance. 

 Develop and carry out a 
comprehensive plan to 
investigate variations in 
the amount of a 
substance. 

 Process data and present 
a report that includes a 
conclusion. 

 Process data correctly and 
present a concise and 
well organised report. 

 Process data accurately, 
and present a 
comprehensive report. 

 
Explanatory Notes 
1 The extended practical investigation is to be done individually and must include the 

collection of quantitative data about some chemical substance or process. It should 
involve either titrations (acid-base, oxidation-reduction or precipitation), colorimetry or 
other analytical techniques.  It is not expected that precalibrated measuring equipment 
such as water test kits or dissolved oxygen meters will be used for these investigations. 

 
2 Aspects of chemistry suitable for investigation include: environmental chemistry, 

consumer chemistry, food chemistry, kinetics, electrochemistry, and thermochemistry. 
 
3 The investigation should require only equipment and/or chemicals that are easily 

obtained from either the educational provider or some other local source. 
 
4 A logbook containing details of investigation methods, raw data and problems arising 

will be kept throughout the investigation. 
 
5 This note provides more detailed guidance on the evidence expected for each phase of 

the extended investigation. 
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Developing and carrying out a plan 

 For achievement 
A feasible plan is one that can be followed and includes: 
- the purpose of the investigation 
- a description of a standard analytical method (which may include a list of the 

required chemicals and equipment) 
- a limited range for which the independent variable is to be investigated 
- some background research may be included. 

Develop and carry out a feasible plan involves: 
- the collection and recording of data.  This includes a logbook recording 
sufficient data and notes to allow a conclusion to be drawn. 
 

 For achievement with merit 
A workable plan includes the requirements for achievement plus: 
- a description of the method in sufficient detail for the assessor to duplicate the 

results 
- an appropriate range for the independent variable 
- required controls on significant variables 
- relevant background research may be included. 

 
Develop and carry out a workable plan involves: 

-  the collection and recording of sufficient quality and quantity of data to enable a 
valid conclusion to be drawn 
- repeated individual measurements as a check for reliability 
- the collection and recording of data in ways that enable independent checks to be 
made. 

 

 For achievement with excellence 
A comprehensive plan includes the requirements for achievement with merit plus: 
- modifications where necessary 
- a description of the method that shows clear understanding of the overall 

analytical technique (which would allow a peer to duplicate the investigation) 
Develop and carry out a comprehensive plan involves: 
- collecting and recording data in a way that allows independent checks on all 

calculations 
- sufficient duplication of experiments to allow checks on reliability and validity 
- collecting data within the typical uncertainty levels inherent in the method and for 

the equipment used. 
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Processing data and presenting a report 

 For achievement 
Processing data includes: 
- using appropriate methods 
- processing in a way that enables a conclusion to be drawn (limited calculation error 

is permitted). 
 

Presenting a report of the investigation includes: 
- a purpose 
- background information may be presented 
- a method 
- results 
- a conclusion that links experimental data to the purpose. 

 

 For achievement with merit 
Processing data correctly includes the requirements for achievement plus: 
- calculations, graphs and/or tables enable a valid conclusion to be drawn 
Presenting a concise and well-organised report of the investigation includes the 
requirements for achievement plus: 
- relevant background information where appropriate 
-  the analytical method used 
-  an outline or specific example of the mathematical steps used to process the data 
- summary of collected data used for processing 
- a clear summary of the overall findings with conclusions matching the processed 
data and the purpose of the investigation 
- the use of concise, well organised language, in the student’s own words 
- a bibliography or acknowledgement of sources 

 

 For achievement with excellence 
Processing data accurately includes the requirement for achievement with merit 
plus: 
- appropriate use of units 
- identification or qualitative discussion of sources of error or reliability of data 
- the use of appropriate numbers of significant figures. 
Presenting a comprehensive report of the investigation includes the requirements 

for achievement with merit plus a discussion that includes: 
- the relationship between the background research and the outcomes of the 

investigation where appropriate 
- justification of any modifications made to the method 
- comments on the validity of the results 
- an evaluation of the investigation that could include suggestions for possible 

improvements or future extensions, and a comment on the significance of the 
conclusion. 
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Assessment Schedule Template for Achievement Standard 3.1   (90694)             Student name: _____________________________ 

Evidence Judgement towards Achievement Judgement towards Achievement with Merit Judgement towards Achievement 
with Excellence 

Plan 
developed 
and carried 
out 

A Feasible plan is one that can be 
followed and includes: 

 Purpose statement 
 

A workable plan includes the requirements for 
Achievement plus: 

 Method is sufficiently detailed to allow 
duplication of results but written in own words 

A comprehensive plan includes requirement for Merit 
plus: 

 Method is adjusted where necessary to ensure 
an appropriate range of data values 

 Standard analytical method 
described  

  Significant variables controlled  Any modifications made to the overall method  

 Limited range of independent 
variable 

 Appropriate range of independent variable  Description of method shows clear understanding 
of overall technique 

 Actions and data recorded in log 
book 

 Data recorded in log book enables 
independent retrieval 

 Quality of data within expected limits of 
method/equipment used 

 Sufficient data/repeats with 
minimal consistency to allow a 
conclusion to be drawn 

 Quality and quantity of data is sufficient to 
allow valid conclusion 

 Quantity of data allows a comprehensive 
conclusion 

 
 

 

 Individual measurements repeated to check 
on reliability 

 

 Sufficient duplication of data to allow checks on 
reliability and validity 

 

Results 
processed 
and report 
presented 
 
 

 Data processed using 
appropriate methods that enable 
a conclusion to be drawn 

 

 Data is processed correctly using a clearly 
described method so that a valid conclusion 
could be drawn 

Data is processed accurately with 

 Appropriate use of units/significant figures 

 Identification/discussion of sources of error or 
reliability of data 

A report of the investigation is 
presented and includes: 

 a purpose  

 method  

 results 
 

A concise and well organised report in the 
student's own words is presented and includes 
the requirements for Achievement plus: 

 an outline or example of maths steps used in 
calculations 

 data is summarised using appropriate 
tables/graphs 

A comprehensive report is presented that includes 
the requirements for Merit plus: 

 a discussion of the relationship between the 
background research and the outcomes of the 
investigation 

 justification of any modifications made to the 
method 

 a conclusion that links data to 
purpose  

 
 

 a clear summary of findings with a conclusion 
related to purpose 

 Conclusion includes comments on validity of 
results 

 

Background information may be 
presented 

 

 Bibliography or acknowledgement of sources 
 

 

 Overall investigation is evaluated 
 

 
 
Overall level of Achievement  
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Notes on Assessment Issues 
Essentially this standard has two outcomes –  

 develop and carry out a plan and  

 process, interpret and report the results.  
 
Overall success in the standard is determined by the lowest performance in either of these 
outcomes. However, as with all investigations this standard should be assessed 
holistically.  
 
It is often useful to initially identify whether there is sufficient evidence of achievement in a 
number of key characteristics that the major outcomes can be broken down into - as used 
in the Assessment Schedule Template for Achievement Standard 3.1. 
Rather than have a whole series of check boxes corresponding to each of these sub 
outcomes it is better to make an overall decision on each outcome as indicated by the 
single check box per outcome at each level of achievement. 
 
The intent of each of the sub outcomes at each achievement level is clarified below:  

ACHIEVEMENT: 

 Purpose statement – to meet the needs of the intent of the standard to investigate 
“variations in the amount of a chemical substance” this must involve the concentration 
of more than one sample. This can be achieved by measuring amounts/concentrations 
of the chemical as a function of time, location, source, treatment (e.g exposure to heat 
or light) etc. An investigation to measure the amount of Vitamin C present in orange 
juice would not be acceptable, whereas comparing the Vitamin C present in a number 
of different orange juices, or investigating the effect of exposure to light on the amount 
of Vitamin C present in orange juice, would be. 

 

 Limited range of independent variable – investigations should normally include as 
wide a range of the variable as possible (subject to availability, time available etc) as 
this is more likely to allow a valid conclusion to be drawn. For example if the purpose 
was to identify if boiling vegetables reduced their Vitamin C content, a before and after 
measurement would be the minimum expectation. To achieve at a higher level a more 
appropriate purpose would be to measure the effect of boiling time on the Vitamin C 
concentration of vegetables.  This would require measurements over an appropriate 
range (as indicated by initial tests) of boiling times.  

 

 Standard analytical method described – this may be as simple as a photocopied 
page from a lab manual 

 

 Actions and data recorded in log book –actions and their corresponding outcomes 
must be chronologically recorded in a log book. For authenticity reasons this logbook 
should be checked regularly as part of the overall assessment procedure.  

 

 Quantity of data is sufficient to allow a conclusion to be drawn – this depends on 
the particular purpose for each investigation as described above. (At this level there are 
fairly generous levels of expectation for the quality of data obtained but it is expected 
that they should be realistic for a student at this level). 

 

 Sufficient data/repeats for minimal consistency - at this level duplication of data 
points is the minimum expectation. Note that for spectrophotometric data, simply 
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reinserting a cuvette filled with the same solution does not constitute a duplicated data 
point (although it does provide some information on the consistency of the data for 
discussion at a higher level).  It is not expected that data points on the calibration curve 
need to be duplicated as the nature of the graphing process provides its own internal 
consistency check. In this case rather than expecting repeats it is the number and 
range of points on the calibration curve that is appropriate. 

 

 Data processed – at this level minor mathematical errors can be ignored and only one 
MAJOR ERROR is allowable. A major error involves either an incorrect logic process 
or misinterpretation/application of the chemistry involved. Examples include incorrect 
application of a mole ratio, using an incorrect volume, ignoring dilution factors or 
incorrect unit conversion. 

 

 Conclusion links data to purpose – the processed data must be related back to the 
original purpose e.g boiled cabbage contains less Vitamin C than raw cabbage, or 
Brand A has more milk than Brand B.  

 
ACHIEVEMENT WITH MERIT 

 Appropriate range of independent variable – this depends on the complexity of the 
particular analytical method. For investigations involving simple titrations, 4 to 6 
samples would be a minimum expectation at this level whereas a more complicated 
method such as determination of iron in different foods may only require 2 to 3 samples 
(plus a calibration curve).    

 

 Significant variables controlled – examples of this requirement include temperature 
(in the determination of alcohol by back titration using dichromate) and pH (for EDTA 
titrations for Mg, Ca or Al). 

 

 Method is sufficiently detailed to allow duplication but written in own words – it is 
not sufficient to have a hand written “transcript” of a standard procedure but there is an 
expectation of personal input to convert the method into a format describing what they 
actually did. This description must include any alterations made to the original method 
and should also note any safety requirements. Reagents that require accurate 
measurement must be clearly identified in the described procedure. 

 

 Data recorded in log book enables independent retrieval – all recorded data must 
be readily accessible to an independent observer so that checks can be made on 
authenticity and the data processing requirement. 

 

 Quality and quantity of data is sufficient to allow valid conclusion – See 
appropriate range comment above. All standard solutions must be prepared to a 
specific concentration or be standardised against another standard solution.  
It is unacceptable at this level to take some bench reagent nominally labelled as  
1.0 mol L-1, dilute it 10 times and claim that it is exactly 0.1 mol L-1 without undergoing 
a standardisation procedure. Where solutions have been made up to precisely known 
values (e.g. 0.960 mol L-1) by teachers or technicians it is acceptable to use these 
concentrations at face value. Unless the analytical procedure is particularly 
complicated or time consuming a minimum of three independent determinations of 
each sample would normally be expected.  

For titrations, concordant titres must be available for averaging. 
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 Individual measurements repeated to check on reliability – at this level concordant 
results are expected within the limits of accuracy expected from the particular analytical 
technique used. 

 

 Data is processed correctly using a clearly described method – No logic process 
or misinterpretation/application of the chemistry involved is allowed at this level.  A few 
minor mathematical errors are still allowed. 

The method of processing the data can be described as a series of steps or one fully 
worked example of the calculation can be presented in detail.  If the investigation 
involves more than one type of calculation a worked example of each different type of 
calculation must be clearly shown. 

 

 Data is summarised using appropriate tables/graphs - it is not expected or intended 
that students show details of every calculation (although this may well be included in 
the log book).  Instead the results of each calculation should be summarised in an 
appropriate form such as a table. Where constants such as concentrations of standard 
solutions vary between sets of data this must be clearly indicated in the summary. Any 
graphs used must be of the correct type i.e. bar graphs for discrete variables (such as 
brand type) and line graphs for continuous variables (such as time). 

 

 Conclusion has clear summary of findings related to purpose – this should have a 
quantitative basis such as, cabbage boiled for 5 minutes contains 30% less Vitamin C 
than raw cabbage and boiling for a further 10 minutes reduces the Vitamin C content 
by a further 10.  Another example would be Brand A with 140 mg Ca per 100mL of milk 
provides more calcium than either Brand B with 110 mg Ca per 100mL of milk or Brand 
C with 105 mg per 100 mL of milk. 

 

 Bibliography or acknowledgement of sources– these should be presented in a 
recognisable or standard format. 

 
ACHIEVEMENT WITH EXCELLENCE 

 Method is adjusted where necessary to ensure an appropriate range of data 
values – titrations that are either too low to be valid in terms of accuracy (less than a 
few mL) or are too large to be practical (more than 50 mL) are unacceptable at this 
level.  This should have been corrected by appropriate modification to the method after 
the initial trials. Similarly, if the range chosen is too narrow or in the wrong area initial 
trials should have determined this and more appropriate ranges selected for the 
investigation. 

 

 Any modifications made to the overall investigation or method used are justified 
– this usually arises as a result of initial trials requiring modifications made to amounts 
(or concentrations) used of either the unknown sample or the standard solutions and 
reagents used in the analytical technique. 

 

 Description of method shows clear understanding of overall technique – the 
general principles (such as balanced equation providing a mole ratio between known 
and unknown and how the end point is recognised) behind even a simple acid-base 
titration must be articulated. 

Approximate concentrations of reagents required should have been identified from 
initial trials.  
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With spectrophotometric techniques the relationship between concentration and colour 
intensity and the nature and purpose of a calibration curve is expected. The description 
may be in the form of a flow diagram or similar representing all the key steps involved 
in the overall technique. This is particularly important in more complex procedures such 
as those involving back titrations.  

 Quality of data within expected limits of method/equipment used – the level of 
accuracy of results from titrations should be at least of a standard consistent with merit 
and preferably be at an excellent standard in the appropriate achievement standards at 
level 2 (acid-base titrations) and level 3 (redox titrations). Because of the nature of 
back titrations and EDTA titrations accuracy expectations are significantly reduced. 
Similarly with spectrophotometric methods where the expectation should be in line with 
the nature and quality of equipment used but in general should be broadly in line with 
the accuracy that the assessor themselves could be expected to achieve under similar 
circumstances. 

 Quantity of data allows a comprehensive conclusion – the expectation here is 
significantly higher than that required for merit and should be reflected in the number of 
data points over a comprehensive range  e.g measuring the % of alcohol present daily 
during the fermentation process rather than just 3 or 4 times over a 2- 3 week period. 

 Sufficient duplication of data to allow checks on reliability and validity – as with 
quantity and quality there is a significantly higher expectation for the number of 
repetitions of individual data points.  

Also, for at least one data point the entire analytical process must be repeated from 
scratch to enable conclusions about the validity of the technique to be made.  It is not 
sufficient to use portions of the same stock solution for repeated titration or 
spectrophotometric measurements. Rather a second sample must be taken and the 
entire procedure replicated from start to finish. This is particularly important for samples 
where there is expected to be some natural variation (e.g Vitamin C in fresh fruit, iron in 
meat, dissolved oxygen in water samples etc) as it provides information about the size 
of these variations.  

 Appropriate use of units/significant figures – at this level the expectation is 3 
significant figures where possible and appropriate but obviously this is dependent on 
the nature and quality of the data. 

 Identification/discussion of sources of error or reliability of data – inane 
comments such as “I should have tried harder” are not acceptable at this level. 
Similarly focussing on trivial sources of error such as “there may have been some 
parallax error if my eye wasn’t directly in line with the meniscus” at the expense of 
potential major sources of error are also insufficient. 

 Conclusion includes comments on validity of results – this is expected to include a 
comparison with any values stated by the manufacture or compared with typical values 
quoted in the literature. 

 Overall investigation is evaluated – this should include suggestions for 
improvements to either the method or the investigation as a whole and comments on 
the significance of the investigation as a whole.  An example would be relating the 
amount of calcium present in different milks back to the recommended daily 
requirement of calcium. 
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Notes on Management Issues 

Identification of suitable investigation topics 
It is unrealistic to expect students (other than those with very high levels of interest and 
commitment) to identify suitable analytical techniques without teacher guidance. 
Students will often propose investigations involving chemicals with high public awareness 
such as environmental issues (e.g. DDT/dioxin and other pesticides, TBT) or illegal drugs 
(e.g. steroids and other hormones, methamphetamines). While their enthusiasm is to be 
commended, in most cases these chemicals are either present in levels (ppm or ppb) well 
below the sensitivity of any analytical technique available in a school laboratory or require 
sophisticated and expensive equipment costing tens or hundreds of thousands of dollars. 
 
In some cases it may be feasible for an enthusiastic student to work with an appropriate 
mentor in a tertiary institute or commercial laboratory, where the required technology and 
expertise is available.  In these cases it is essential that the student themselves has a 
significant involvement in the carrying out of the analytical procedure and also clearly 
understands the principles behind the particular technique.  It would not be appropriate for 
a student to simply send off their samples to a commercial laboratory and pay for the 
appropriate analytical procedure to be carried out. 
 
Some schools may have access to equipment that is capable of obtaining quantitative 
measurements using a pre-calibrated procedure.  An example would be a dissolved 
O2/BOD probe attached through a data logger to a computer or a spectrophotometer that 
uses a supplied procedure to give direct readings of concentration rather than simple % 
absorbance data. Such a probe would not be suitable for this type of investigation as no 
calculations or understanding of the chemical principles behind the technique are 
necessary.  The latter would be acceptable provided the student included a manual 
calibration curve with at least one manual determination of the variable to check the 
validity of the pre-calibrated method.  
 
In most cases students will need to be aware of  

(i) the types of analytical techniques that they have both the resources and 
expertise to carry out and  

(ii) the specific substances that these techniques have the ability to measure 
quantitatively.  

 
This manual details the procedures and other information about five such techniques that 
are known to work reliably using only the equipment available in school laboratories. 
Providing a limited set of basic techniques not only makes students feel more confident 
about their investigations but also makes the requirements of the investigation much more 
manageable for schools by limiting the range of equipment and chemicals required. It also 
means that teachers do not have to be “experts” in a wide variety of analytical techniques 
as this could be an unrealistic expectation. 
 
Students may initially be concerned that a limited range of procedures means that their 
investigation is unlikely to be unique (relative to their peer group) or novel (relative to 
previous years). However, for each analytical technique the range of possible 
investigations is limited only by their own imagination. This can be demonstrated by having 
a class brainstorm possible investigations based on one of the given analytical 
procedures.  For example using Vitamin C as the technique, initial suggestions often focus 
on the amounts of Vitamin C present in different sources such as orange and other fruit 
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juices. This quickly expands to include less usual sources and the relationship to the daily 
requirements for good health.  
 
A suggestion may relate to the difference between the original “natural product” (e.g. 
freshly squeezed orange juice) and their commercially prepared equivalents. Such 
investigations could compare any differences or simply check on the claims made by the 
manufacturer. Rather than comparing different sources the investigation could investigate 
the effect of some other variable on the quantity of Vitamin C present in a particular 
product. Often students are aware that factors such as storage time, exposure to sunlight, 
air or heat may affect the amounts of Vitamin C present.  Other factors such as pH, 
presence of other chemicals, “cooking time” (e.g in stewed fruit) may also have an effect.  
Students can feel confident that it is highly probable that whatever specific technique and 
range of variables they choose it is unlikely to be duplicated by any other student.  
 
Students need to be reassured that if they select a variable that turns out to have no or 
little impact on the amount of the chemical present (provided it is a reasonably sensible 
choice) they are still capable of reaching the achievement with excellence grade.  It is 
important to try and encourage “real” investigations where the answer is not always  
known before the investigation occurs. 

In all situations it is the student’s responsibility to plan the investigation by identifying both 
the variable and a suitable range that they are going to investigate. In many cases the 
method provided may need to be modified (usually with respect to quantities to ensure 
appropriate data is collected) and the selected range may also need to be altered in the 
light of initial data collected. 
 
Possible complications to the analytical procedures 
Students need to be aware that their raw materials will inevitably contain chemicals other 
than the one that they are investigating and these may interfere with the given analytical 
procedure in some way. A common example is the presence of colours that can partially 
obscure the endpoint of a titration. Some colours can be removed by filtration through  
activated charcoal.  

Where possible, techniques have been selected that are as specific as possible to the 
chemical of interest  e.g the method described for the oxidation of alcohol by acidified 
dichromate does not just add the alcohol solution directly to the acidified dichromate 
mixture. This is because alcoholic beverages in particular contain other chemicals which 
would also be oxidised by the acidified dichromate and give a value that was too high.  
 
In the case of the Vitamin C titration students need to be aware that chemicals other than 
Vitamin C which are commonly present in natural products may also be oxidised by the 
iodine and inflate the final value.  
 
Students may also need some guidance on the physical preparation of their samples e.g. 
the removal of miscellaneous materials such as pulp and pith (by coarse filtering or 
Buchner funnel) and colouring agents as mentioned previously. Blenders are a good  
way of obtaining a uniform sample from a non homogenous sample. 

It is also important that students understand that specific conditions can be critical to the 
final value obtained e.g. the pH level in EDTA titrations, the time elapsed between mixing 
reagents and a taking a spectrophotometer reading, length of heating time when required 
and the temperature of the sample.  
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Other possible analytical techniques 
Other techniques that we have used in the past, with varying degrees of success include: 

 the amount of dissolved CO2 present in fizzy drinks using an acid-base back titration. 

 the amount of active ingredient present in commercial antacids using an acid-base 
back titration. 

 the amount of active content present in commercial aspirins using an acid-base back 
titration (although the range of commercial products available is limited and students 
need to understand that the paracetamol and ibufopren contained in other pain relief 
medications are completely different chemicals). 

 the amount of sulfur dioxide (free and fixed) present in wine or preserved foods such as 
dog roll and dried fruit using either a redox titration with iodine or oxidation by hydrogen 
peroxide to sulfate and then precipitation as barium sulfate. 

 the amount of iodate/iodine present in table salt or seaweed by titration with thiosulfate. 

 the amount of hypochlorite in commercial bleaches by adding acidified iodide and 
titrating the liberated iodine with thiosulfate. 

 the amount of aluminium present in deodorants by an EDTA back titration using a 
standard zinc(II) solution buffered at pH = 10 and Erio T as the indicator. 

 the hardness of water using an EDTA back titration. 

 the amount of phosphorus in fertilizers by conversion to phosphate, precipitation with 
ammonium molybdate followed by a back titration with NaOH(aq) and HCl(aq). 

 the amount of (NH4)2SO4 in fertilizers by a back titration with NaOH(aq) and HCl(aq). 

 the amount of phosphate in detergents by precipitation as MgNH4PO4 followed by an 
EDTA titration to determine the magnesium content. 

 
If a spectrophotometer is available the range of options available is significantly increased. 
Possible examples include  

 lead(II) in road dust, old paint or ceramics. 

 copper(II) in various metal alloys or fungicides. 

 iron(III) in different foods (although the full release of iron from the protein can be 
problematic with meat products in particular) 

 alcohol in beverages or perfumes 

 phosphate in detergents 

 glucose in tablets or drinks (although colourings can be a problem here) 
 
Time and resource requirements 
Our experience suggest a minimum of two preferably three weeks of class time is required 
to allow the students to meet the requirements of the achievement standard. Suggestions 
about out of class time and the placement of the investigation in years 12 or 13 have been 
covered adequately in the Level 3 NCEA training manual.  There is a benefit to the 
students of having an extended period of 3-4 hours available to work on their practical as 
they may then be able to use class time for completing their written report.  A “chemistry 
day” could be negotiated in the same way that geography and biology classes have field 
trips to collect data/information for assessments. 
 
Comments about resource requirements including equipment, chemicals and technician 
time have also been covered previously. It is important to stress to students that although 
all standard solutions will need to be prepared in appropriate volumetric flasks, they will 
need to transfer these to suitable storage bottles.  One or two litre plastic milk containers 
are free and work well for most chemicals except those that are sensitive to light such as 
AgNO3 and iodine solutions.  
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Back titrations 
To be suitable for use in titrations a reaction must be fast, free from competing reactions 
and have a suitable colour change – either inherently or resulting from the addition of a 
suitable indicator. Examples where these criteria are not met include the direct titration of 
alcohol where is no fast acting oxidant available with a sharp colour change occurring at 
the end point. Similarly while sodium carbonate can be titrated directly with acid, insoluble 
calcium carbonate cannot, as even if it is very finely divided it still takes too long to react. 
 
All of the above problems can be overcome using a “back titration” where a measured 
amount of a reagent (known to be more than is needed to completely react with the 
sample) is added all at once. When the reaction is complete, the amount of excess 
reagent remaining is determined by titration with an appropriate standard solution. The 
difference between the amount of reagent added and that remaining allows the amount of 
the unknown to be calculated using an appropriate stoichiometric relationship. 
While there are more calculations to do, the reasoning is no more difficult than determining 
the price of an article by offering more money than is required and counting the change. 
 

Purpose of a blank titration 
In general, two standard solutions are needed for back titrations. However, if a “blank 
titration” is carried out (by repeating the titration but with none of the substance to be 
analysed being added) the exact concentration of the excess reagent is no longer needed 
for the calculation. This is shown in more detail on p 37-38 of this manual. 
 
The other purpose of the blank titration is to identify an appropriate amount of excess 
reagent to use in each investigation, i.e. this blank titration value will be the maximum 
possible value that could be obtained during the investigation. For convenience and cost 
reasons, the method is usually adjusted to give a maximum blank titre of about 30 mL. 
 
When titres involving the unknown are carried out, it is essential that the titres involved are 
significantly lower than the blank titre value, as otherwise the % error in the final answer 
becomes unacceptably high. 

e.g. if the blank titre is 30.0 mL and the unknown titre is 29.0 mL.  
Lets assume that each titre has an uncertainty of +/- 0.3 mL –  i.e.  +/- 1%.   
When the two values are subtracted from each other, the absolute error in the 
answer becomes +/- 0.6 mL but because the difference (between the two similar 
values) is now relatively small, the % uncertainty becomes 0.6/1.0 x 100 = 60%!!! 
 

This is why it is important not only to be as accurate as possible with each titration, but 
also to alter the relative proportions of the reactants in the method so that titres are roughly 
half the value of the blank titre wherever feasible. 
 
Note also that if the titres for the unknown get too small, then the % uncertainty for this 
individual value becomes unacceptably high. Obviously, if the titre value is zero, the result 
is invalid and the method needs to be adjusted so that less of the unknown is added 
initially to the excess reagent. 
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STUDENT HANDOUT FOR AN EXTENDED 
CHEMISTRY PRACTICAL INVESTIGATION 

Achievement standard 3.1 “Carry out an extended practical investigation into variations 
in the amount of a substance” 

4 credits 
1. Introduction: 
This year you will undertake a practical investigation into a topic of your choice.  You may 
wish to select some aspect from Consumer Chemistry, Food Chemistry or Environmental 
Chemistry but you should choose a topic in Chemistry that interests you or that you would 
like to know more about. 
 
The investigation must be practically based and must produce some quantitative results. 
You will be carrying out the investigation individually and about 12 – 15 hours of class time 
will be allocated to carry out the practical work required for this assessment. 
Extra laboratory time may be negotiated with your teacher. 
 
You can also choose to present your work as a Science Fair project and/or a silver CREST 
award. The latter decision needs to be made at the beginning of the project however as it 
has to have prior approval from CREST NZ and a suitable expert/mentor needs to be 
located. 
 
2. Define your purpose  
Your purpose (aim) is to investigate variations in the amount or concentration of a 
chemical substance of your choice.  You will have to select a chemical substance and then 
some context within which it varies This requires you to collect, process and report on 
some quantitative data that you have obtained experimentally.  Amount or concentration 
may be expressed in moles or grams, moles per litre or grams per litre, or as a 
percentage. 
 

Variations can be: 

 across a range of different products e.g. amount of sulfate in 5 different soluble 
fertilisers or amount of calcium in 5 different types of milk. 

 with respect to one other variable e.g. lactic acid in sour cream over time, dissolved 
oxygen in water at different temperatures, chloride concentration in a tidal creek at 
different distances from the mouth at high tide. 

OR 

 the substance could be lead and the investigation could be the variation in its 
concentration in road dust as a function of distance away from a motorway     

 the substance could be the hypochlorite ion that is used in pools as a germicide and the 
investigation could be either the variation in its concentration between different public 
pools or the variation in its concentration within time as a result of exposure to sunlight. 

 
Your purpose is best expressed as a question e.g. How does the amount of vitamin C in 
potatoes change during storage after harvesting?
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Select a method 
Analytical techniques that are suitable include titrations (acid-base, oxidation-reduction or 
precipitation), spectrophotometry, colorimetry and gravimetric. Your teacher will make 
available information on some standard analytical techniques that can be used in the 
school laboratories to measure amounts/concentrations of a wide range of chemicals, but 
you can select any suitable technique that is available. 
 
You may use one of these techniques which essentially follows a recipe approach but 
should introduce your own element of design or creativity. e.g. if you use the standard 
method for determining Vitamin C your input might be deciding to investigate the effect 
that different cooking methods or times had on the amount of Vitamin C remaining in fruit.  
Similarly if determining the amount of SO2 present in wines you could either determine the 
levels present in different types/brands/packaging of commercial wines or you could 
investigate how it varied with time in an open bottle. 
 
The investigation may also require you to read widely and to consult experts where 
necessary - e.g. A.U.T, Auckland University, E.S.R., Medical School, Industrial companies 
etc. 
 
There are several folders available in class which contain photocopies of a range of 
possible standard analytical methods. Other possibilities can be found in the reference 
sources listed on the Quantitative analytical techniques handout.   If all else fails a method 
can often be found in the Vogel’s Quantitative Analysis.   
 
Note:  Just because you find a method does not necessarily mean that we have either the 
equipment or chemicals required to perform the required technique.” 
 
3. Do some background research and check safety 
Research your topic e.g. search the internet, read reference books, consult a scientist. 
Background information could include reports on scientific work related to your topic, your 
experimental procedure and/or information about the substances involved.  Record details 
of the references and people you consult so that you can acknowledge them in your final 
report. 
 
List all the chemicals required, approximate quantities and state the concentration of any 
solutions you will use.  
Identify substances that are: 

 flammable       harmful     irritant       oxidising  

 explosive      toxic     corrosive    
and state how you will use them safely.  

Identify other safety considerations e.g. use of a fume hood, no naked flames, control of 
temperature if energy is released when two chemicals are mixed. 
 
4. Plan your practical work and do some trials  
In many cases, the standard procedure will need some modifications to details such as 
concentrations and amounts to meet your particular needs. You may need to carry out  
some initial rough investigations to determine any required modifications.  
These trials may be small scale. Records of any preliminary work must be recorded in a 
log book which will be submitted with your final report. 
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Before starting your investigations you will need to submit the following information: 

i. an overview that clearly outlines the type of experimental procedure that you have  
selected 

ii. details of the experimental technique that would allow a novice to repeat your  
method (you should also note any safety aspects that need to be controlled) 

iii. a list of the equipment, quantity and concentration of chemicals that you require for  
your investigation 

iv. the range of your chosen variable and the number of sample points that you intend  

to investigate, eg measuring the concentration of lead at distances of 1m, 2 m, 5 m,10 
m and 20 m from a motorway or measuring the hypochlorite ion concentration in pool 
samples after five successive 24 hour periods of exposure to sunlight. 

 
7. Collecting data 

Data must be quantitative and collected by an analytical technique - acid/base, 
oxidation-reduction or precipitation titrations, gravimetric or colorimetric analysis.  Pre-
calibrated measuring equipment such as commercial water test kits or dissolved 
oxygen meters are not to be used for the collection of your raw data. 

 

     Record everything you do in your logbook.  At a later date an independent 
person, who is not in a position to talk to you, should be able to use your logbook 
and your report to assess your work against the achievement standard criteria.   

  If you change any aspect of your original method e.g. range of concentration, 
number of experiments etc, note the reasons for change in your log book and 
discuss in your final report. 

 Continue until you have sufficient, accurate and relevant data to enable you to 
draw a valid conclusion. 

     You must use only the raw data that you collect yourself in any calculations. 
 

8. Log book 
As part of your project you must complete a log (or diary) which is a record of all the 
work that you have done as part of your investigation.  It is an important part of the 
project as it shows in detail how the project developed and can be used to identify 
problems you had and how they were overcome.  
Your log book will be checked periodically by your teacher and must be handed in  
with your final report. 

Each day you should record: 
Date - 
Intentions - what you want to do 
Actions - what you did. 
Results - what actually happened. 
Problems - what difficulties you had 
Possible solutions - ideas, people etc 
At the end of your project you will write a report based on the information in this log.  

 
5. Processing 

 Working for calculations must be shown 

 The calculation procedure, formulae and any chemical equations should be clearly 
set out to show how you obtained calculated answers.  They should be described 
so that an independent assessor could use the data to obtain the same answers. 
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 Where appropriate, graphs and tables of processed data should be used. 

 If a conclusion cannot be drawn from processed data, discuss with your teacher 
whether further experiments are necessary. 

 A useful guideline is that the final answer should have no more significant figures 
than the least precise value used in the calculation. 

 A qualitative consideration of the limits of accuracy and experimental errors should 
be included. 

 
6.   Reporting 
 Your report must include the following sections: 

 A Purpose – which states the aim of the investigation.  

 Background Information – which could include reports on scientific work related to  
the topic, experimental procedure and/or information about the substances involved. 

 Procedure - a method which is clear, concise and with sufficient detail so that  
another person could repeat your procedures to produce the same results. 

 Results –a summary of processed data in a systematic format with tables and  
graphs where appropriate.    

 Conclusion – a clear statement of the outcome of your investigation.   It must be  
based on processed data and relate to the aim.   

 Discussion – which can include  
a) Comments on the accuracy, reliability and validity of the data. 
b) Reasons for any modifications made to the original method. 
c) Suggestions for improvement. 
d) Comments on the significance of the conclusion. 
e) A comparison of the outcome(s) of your investigation with the background  

research and scientific ideas involved.   

 Resources  - an acknowledgement and identification of resources 
a) Bibliography - a list that allows another person to find the same information. 
b) Acknowledgement of sources of quotes, tables, diagrams and contributions 

by another qualified person (consultant, teacher, relative etc.). 
 
6. Time frame: 

Mid-June: Introduction /background information given out. 
3 July: Background reading completed. 

Choice of investigation must be finalised with teacher and part 
(i) of planning requirements completed.  

24 July: All details of your investigation must be finalised including 
parts (ii) to (iv) of the planning requirements. 

 5 – 22 Aug: All class time will be devoted to the investigation so that you can 
carry out the practical work.  

 16 -24 Aug:  The laboratories will be open and supervised for two weekends only 
to allow for final completion of any outstanding practical work. 
(Specific days by negotiation with entire Yr 12 Chem cohort and 
subject to teacher availability). 

25-29 August: Some class time will be allocated to complete calculations,  
  interpretation and evaluation of results. 
 9 Sep: All project reports must be submitted to your Chemistry teacher   
    BY  the 8.30 am deadline. 
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Investigation I: 
Determination of the Chloride Ion Concentration  

Student Notes 
 

The concentration of chloride ions in water can be determined by reacting it with a solution 
of silver nitrate (AgNO3).  The reaction results in the precipitation of white AgCl. 

   Ag+(aq)   +   Cl- (aq)   AgCl(s) 

The indicator in this tritration is potassium chromate (K2CrO4) solution, which reacts with a 
slight excess of silver ions forming brown, insoluble silver chromate (Ag2CrO4).  Since 
Ag2CrO4 is more soluble than AgCl, the brown colouration only appears after essentially 
all the chloride ions have reacted with the silver ions.  The endpoint in the titration is 
shown by the appearance of the brown colour in the solution (which will have turned 
cloudy as the AgCl is precipitated). 

   n(Cl-) = n(Ag+)at the endpoint 

This method can be used to analyse aqueous solutions containing chloride that have been 
prepared from samples of chips, salty crackers, marmite etc.  It can also be used to 
analyse seawater samples at eg different positions in an estuary. 

NOTE:  

 Silver nitrate will oxidise on your fingers and the bench, producing ugly black spots of 
finely divided silver metal.  These should be wiped off as soon as they appear using 
sodium thiosulfate solution or dilute ammonia solution. 

 Silver nitrate is expensive so you only need to use a small amount for analysing "fresh" 
water.  If the solution is known to be high in chloride ion concentration, dilute it first and 
titrate a 25 mL aliquot of the diluted solution. 

 
Solutions: 

 0.0200 mol L-1 AgNO3 

 0.1 mol L-1 K2CrO4 

 1 mol L-1 ethanoic acid 

 1 mol L-1 sodium carbonate 

 Aqueous solution containing chloride ions for analysis 

 0.0100 mol L-1 MgCl2.6H2O 
 
Method 
Part A  -  Standardisation of the AgNO3 solution 

1. Pipette 10 mL of the magnesium chloride solution into a conical flask. 

2. Using a pH meter check that the water to be analysed has a pH of about 8. If the 
solution is too basic then add a little 1 mol L-1 ethanoic acid dropwise until the pH is 
reduced to 8.  If the solution is too acidic, add a little 1 mol L-1 sodium carbonate 
solution until the pH is increased to 8. Alternately the pH can be checked by adding 
2 drops of phenolphthalein.  If a pink colour appears then add the ethanoic acid until 
the colour just disappears.  If the solution is colourless, add dilute sodium carbonate 
solution dropwise until a pink colour is almost reached. 

3. Using a measuring cylinder add 3.0 mL of K2CrO4. 

4. Fill the burette with AgNO3 and titrate until the endpoint is reached – a tinge of 
permanent orange/brown colour. 

5. Use the titre volumes to calculate the concentration of the AgNO3. 
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Part B  -  Analysis of the chloride in solution 
1. Using a pH meter check that the water to be analysed has a pH of about 8. If not 

adjust it as was done in Part A. 

2. Place a 10.0 mL sample of water containing chloride ions in the flask and add 3 mL 
of 0.1 mol L-1 K2CrO4 solution.  

3. Fill the burette with the AgNO3 solution and titrate until the endpoint is reached.  If 
using more than about 10 mL of AgNO3 then the aqueous salt solution sample must 
be diluted and an appropriate volume taken for the titration. 

4. Using the titration data determine the concentration of chloride in the sample 
analysed and also in the original sample.  This can be calculated in mol L-1 as well as 
g L-1 or ppm (mg L-1). 
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Investigation 1 

Determination of Chloride Ion Concentration  
Teacher Guide notes 

 
Type of Analytical Procedure – a precipitation titration.   
 
Possible Investigation Contexts 
In carrying out this investigation the student is determining the chloride ion concentration in 
a solution.  The most common source of chloride is often common salt, NaCl, so the 
discussion may also relate to the possible amounts of sodium chloride in a sample. 
Investigations could involve looking at: 

 variation in chloride (salt) concentration at different positions or depths in a tidal 
estuary. 

 comparison of the chloride (salt) content of different brands of foods such as 
chips, instant noodles, soya sauces etc and comparing with the amount stated 
on the label as well as to the normal dietary requirements. 

 variation in chloride (salt) content in leaves of a mangrove plant at different 
heights in the plant. 

 
Materials Required 
The water sample containing chloride ions needs to be prepared or collected by the 
student – see suggestions below.  The student needs to prepare the 0.0200 mol L-1 AgNO3 
and also the 0.010 mol L-1 MgCl2.6H20 solution used to standardise the silver nitrate. 
 
In this investigation it is suggested that the following solutions are prepared by the science 
technician.  They are  

 0.1 mol L-1 K2CrO4 (1.94 g per 100 mL) 

 1 mol L-1 ethanoic acid (only a small amount needed for pH adjustment) 

 1 mol L-1 sodium carbonate (only a small amount needed for pH adjustment) 

Equipment needed is normal laboratory glassware including a burette and pipette, a pH 
meter and filters (cotton wool, filter paper and/or coffee filters). 
  
Preparation of water sample 
If the substance being analysed is already in solution then it is only a matter of adjusting 
the concentration to ensure sensible volumes of AgNO3 are used in each titration (see 
below).  Normal seawater samples need to be diluted by about 1 part in 25. 

If however the sample is a solid then a given mass (depending on the particular sample) 
will need to be weighed out. It may also need to be crushed.  A measured volume of water 
will then be added to the solid.  It should be left to soak, or it can be warmed a little to help 
the dissolution of the salt.  

A solid sample may need to be filtered.  Often it is better to filter through cotton wool at 
first, as the solution will rapidly clog the usual laboratory filter paper. Coffee filters, which 
are coarser, can also be used as an alternative. 

The pH of the sample must be adjusted to pH of about 8 (or range 7-9).  In acid solution 
the following reaction occurs, lowering the concentration of CrO4

2- in the solution and 
producing some of the orange dichromate ion. 

  2CrO4
2-   +   2H+   qe 2HCrO4

- qe Cr2O7
2-   +   H2O 
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Doing a test tube check 
Before starting the titration it is possible to carry out a test –tube check to see whether the 
proposed analysis is going to involve sensible volumes of AgNO3 solution.  Do this by 
placing about 2 mL of the salt water solution in a test tube, adding a few drops of the 
potassium chromate solution, and then slowly adding silver nitrate solution until a 
permanent orange tinge is observed.  If this takes more than about 1 mL of the silver 
nitrate solution then the original salt solution needs to be diluted.  To get an idea of how 
much dilution is needed, you will need to continue adding the AgNO3 and hence estimate 
the volume of silver nitrate needed to get a colour change.  If, for example, 5 mL of AgNO3 
is needed to react with 1 mL solution, it suggests that the original solution needs to be 
diluted by a factor of 5. 
 
Theory behind the analytical method 
The method depends on the relative solubility of white silver chloride and orange/red silver 
chromate. It is a case of fractional crystallisation of these two sparingly soluble salts. 

  Ks (AgCl) = [Ag+] [Cl-] = 1.2 x 10-10 

  Ks (Ag2CrO4) = [Ag+]2 [CrO4
2-] = 1.7 x 10-12 

Initially, on adding the silver nitrate, the relatively high concentration of chloride ions will 
mean that the silver chloride starts to precipitate out.  The yellow solution will go cloudy. 

As the AgCl precipitates out the chloride ion concentration in the solution will steadily 
decrease which means that the concentration of silver ions needed to produce the 
precipitate will steadily increase.  Eventually it reaches a point where the chloride ion is so 
low that there are enough silver ions to exceed the Ks value for silver chromate so that it 
will start to precipitate as well.  At this point both the salts are in equilibrium and the [Ag+] 
value that produces both precipitates is the same. ie 

  [Ag+] = 
]Cl[

)(
-

AgClK s   =  
]CrO[

)(
-2

4

42CrOAgK s  

It is possible to show that at the point, when the orange colour starts to appear, that the 
amount of chloride ion remaining in the solution is generally insignificant (depending on 
volumes and concentrations used).  For example, if 25 mL of salt solution and 5 mL of 0.1 
mol L-1 chromate solution are placed in the flask and it takes 10 mL of the 0.1 mol L-1 silver 
nitrate solution to reach the endpoint.  The concentration of chloride remaining in the 
solution is calculated as follows: 

 n(CrO4
2-) = 0.1 mol L-1 x 0.005 L = 5 x 10-4 mol 

 Volume at endpoint is 40 mL so that  [CrO4
2-] =   

0.040L

mol 10 x 5 -4

 = 0.0125 mol L-1 

  [Cl-] = 

0125.0

107.1

102.1

12

10





x

x
 = 1.03 x 10-5 mol L-1 

At the same point in the titration, the amount of chloride precipitated will be equal to the 
amount of silver ions added.  For the volumes above this would be 

   n(Cl-) = n(Ag+) = 0.10 mol L-1 x 0.010 L = 1 x 10-3 mol 

Note that the amount of Cl- remaining in the 40 m L of solution at this point is only  

 1.03 x 10-5 mol L-1 x 0.040 L = 4.11 x 10-7 mol  

which is less than 0.1% of the chloride that was originally present in the solution. 
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Example of calculation 
When a seawater sample was diluted by 1:25 and 10 mL samples were titrated with 
0.0201 mol L-1 AgNO3 the average titre volume was 10.63 mL. 
 
  n(Ag+)  = c(Ag+)  x  V(Ag+) 
 
   = 0.0201 mol L-1  x  0.01063 L  =  2.14 x 10-4 mol 
 
  n(Cl-)  =  n(Ag+)  = 2.14 x 10-4 mol 

  c(Cl-) in diluted solution = 
v

n
  =  

0.0100L

mol000214.0
  =  2.14 x 10-2 mol L-1 

 
  c(Cl-) in the original solution = 2.14 x 10-2 mol L-1  x  25  =  0.535 mol L-1 
 
 Concentration of Cl- in g L-1 = 0.535 mol L-1 x 35.5 g mol –1  

= 19.0 g L-1   
  
Concentration as %(w/V) =  1.90% 

 
 
Typical values expected for a variety of samples 
In seawater samples a typical chloride ion concentration is about 18 - 19 g L-1 
 
Packets of instant noodles do not quote the mass of chloride ion in the packet but rather 
the label gives the mass of Na+ and K+.  This can be used as a point of reference. 

Trident Noodles   460 mg Na+ per 100 g 

Maggi Noodles 440 mg Na+ per 100 g 
        and  50 mg K+ per 100 g 

Eta potato crisps  570 mg Na+ per 100 g 

Soya sauce  4500 mg Na+ per 100g 
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Investigation 2: 

Determination of Dissolved Oxygen in Water  
Student Notes 

 
Dissolved oxygen, O2, is essential for all animal life.  To maintain healthy water the amount 
of oxygen must be as high as possible.  When the maximum amount of oxygen possible is 
dissolved in water, it is said to be saturated.  The saturation concentration decreases with 
increasing temperature and is smaller for salt water than for sea-water e.g. at 25 oC the 
saturation concentration of oxygen in fresh water is 8.3 mg L-1, while in salt water it is 6.7 
mg L-1.  The concentration of dissolved oxygen is also temperature dependent – at 10 oC 
the saturated concentration of oxygen in fresh water is 11.3 mg L-1 while at 20 oC it is 9.2 
mg L-1. 
 
Any reduction in the amount of oxygen in a body of water, caused by a rise in temperature 
or by pollution, may mean that certain animals can no longer live there.  The concentration 
of dissolved oxygen can therefore be taken as a measure of the ability of water to support 
living things.  If the oxygen concentration is less than half the maximum concentration then 
the water is of poor quality. Water in rivers flowing over water-falls may have a higher than 
normal level of dissolved oxygen. 
 
In unpolluted water it is possible to determine the biological oxygen demand (BOD) over a 
5 day or 10 day period.   
 BOD5 = initial dissolved oxygen – final dissolved oxygen (after 5 days) 
 
The oxygen is used by organisms in the water.  When there are significant amounts of 
sewage and plant and animal wastes present, the material is decayed by bacteria that 
consume oxygen. This increases the BOD significantly and can be used as a guide to the 
measure of pollution. 
 
Method for Determination of Dissolved Oxygen 
The method (called the Winkler method) depends on the oxidation of manganese(II) ions, 
Mn2+, by the dissolved oxygen to produce manganese(III). 

 O2  +  4Mn2+  +  8OH-    2Mn2O3   +  4H2O 

The Mn2O3 is dissolved by the addition of acid, and the Mn3+ ions react with added iodide 
to produce iodine. 

  Mn2O3   +   6H+  2Mn3+   +   3H2O 

  2Mn3+    +    2I-  2Mn2+    +   I2 

The amount of iodine produced is then determined by titration with sodium thiosulfate, 
using starch as the indicator.  

  I2     +    2S2O3
2-  2I-   +   S4O6

2- 

By comparing the mole ratios it is possible to show that the ratio of the number of moles of 
oxygen originally present in the water sample to the number of moles of thiosulfate used in 
the tiration is: 

n(O2) : n(S2O3
2-) = 1 : 4 
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Solutions: 

 manganese sulfate (MnSO4) solution - 1.00 mol L-1  (CAUTION – harmful) 

 sodium iodide solution – 6.75 g NaI  +  25 g NaOH dissolved in 50 mL of water 
(CAUTION – corrosive) 

 9 mol L-1sulfuric acid (CAUTION - corrosive) 

 starch indicator – 1 g starch boiled with 100 mL of water. 

 0.0060 mol L-1 sodium thiosulfate, Na2S2O3.5H2O  (made by diluting a 0.060 mol L-

1solution) 
 
Method 
Part A – At the source of the water sample to be analysed 
1. Fill a bottle (about 350 mL) until it is overflowing with the water to be analysed.  

2. Using a graduated pipette, add 2 mL of the manganese sulfate solution, then using a 
separate pipette add 2 mL of the iodide solution.  To do this put the tip of each pipette 
into the bottle so that only the original water overflows. (The solutions being added are 
more dense than the water so they will sink.) 

3. Stopper well while the bottle is still under the water, to ensure that no air bubbles stay 
in the bottle.  Invert several times to ensure thorough mixing.  Note that a brown 
precipitate (sludge) will probably appear.   

 
Part B – In the laboratory 
4. Add 4 mL of 9 mol L-1 sulfuric acid to the bottle of water. Again this will be done by 

allowing the sample solution to overflow, so needs to be done over a sink.  Restopper 
the bottle and mix well by inverting.  The brown precipitate disappears. 

5. Take a 100 mL sample of the solution above and place it in a conical flask. Titrate with 
the sodium thiosulfate solution, adding about 0.5 mL of starch solution (an indicator) 
when the colour of the water solution fades to pale yellow.  Continue adding thiosulfate 
solution until the blue colour just disappears.  

6. Note the burette volume and use this to calculate the moles of thiosulfate used in the 
titration and hence the concentration of oxygen in the water sample. 

 
Biochemical Oxygen Demand 
The rate at which oxygen is used can be determined over say a 5 day or 10 day period.  
To do this one sample would need to be collected and determined using the method 
above.  A second sample would be taken, stoppered and stored out of sunlight for 5 days.  
The remaining concentration of dissolved oxygen would then be determined by adding the 
manganese sulfate, iodide and acid solutions as above at the end of the 5 day period and 
titrating with sodium thiosulfate. 
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Investigaton 2: 
Determination of Dissolved Oxygen in Water 

 Teacher Guide notes 
 

Type of Analytical Procedure – an oxidation-reduction titration.   
 
Possible Investigation Contexts 
This investigation involves determining the concentration of oxygen in water samples.  
Possible contexts include analysis of water in various positions along a stream, or within 
an estuary, comparison of farm ponds or watering troughs, or in fish tanks to ascertain 
water quality. They could also look at biological oxygen demand and investigate the 
change in concentration of oxygen over a period of days.  This variation can be considered 
in relation to the presence of micro-organisms in the water sample.   
Environmental factors in the vicinity of the source should be considered.  It is important to 
consider the temperature of the water at the time the samples are taken, and also recent 
weather conditions. 
 

Materials Required 
It is recommended that the technician should prepare the first three solutions.  The student 
needs to take the manganese(II) sulfate and sodium iodide solutions out to the place 
where they are collecting the water samples.   

 manganese sulfate (MnSO4) solution - 1.00 mol L-1 (7.55 g in 50 mL CAUTION – 
harmful) 

 sodium iodide solution – 13.5 g NaI  +  50 g NaOH dissolved in 100 mL of water 
(CAUTION – corrosive) 

 9 mol L-1sulfuric acid (CAUTION - corrosive) 
 
The student should be able to prepare the following solutions that are needed to carry out 
the titrations in the classroom. 

 starch indicator – 1 g starch boiled with 100 mL of water (or prepared by technician) 

 0.0060 mol L-1 sodium thiosulfate, Na2S2O3.5H2O (made by diluting a 0.060 mol L-1 

solution by a factor of 1 in 10). 
 
Equipment needed includes the normal titration equipment as well as 2 mL graduated 
pipettes and glass screw top bottles for the collection of water samples.  These will need to 
be at least 320 mL each if the student is to titrate three 100 mL samples from each bottle.  
Note that the student should always collect two bottles of water from any site so that they 
can check the reliability of the value determined for the oxygen concentration.  They need 
to appreciate the level of variation that occurs with different samples taken from the same 
site. 

 
Carrying out the titration analysis 
If the volumes of thiosulfate needed in the titration are too small then it may be necessary 
to dilute the thiosulfate solution appropriately.  It is also possible to adjust the volume of 
the water sample being analysed. 
 



 27 

Theory behind the analytical method 
The method (called the Winkler method) depends on the oxidation of manganese(II) ions, 
Mn2+, by the dissolved oxygen to produce manganese(III) in the form of Mn2O3 or 
MnO(OH).  The sodium iodide added is dissolved in very basic solution and will only 
reduce the manganese(III) on the addition of relatively concentrated acid. The iodine 
produced is then titrated with sodium thiosulfate.  The relevant equations are as follows: 

 O2  +  4Mn2+  +  8OH-    2Mn2O3   +  4H2O 

  Mn2O3   +   6H+  2Mn3+   +   3H2O 

  2Mn3+    +    2I-  2Mn2+    +   I2 

  I2     +    2S2O3
2-  2I-   +   S4O6

2- 

 
The mole ratios for these 4 equations mean that  

 From Equation (4)      n(I2)  = ½ n(S2O3
2-) 

 From Equation (3)      n(Mn3+) = 2 x n(I2) = n(S2O3
2-) 

 From Equation (2)      n(Mn2O3) = ½ n(Mn3+) = ½ n(S2O3
2-) 

 From Equation (1)      n(O2) = ½ n(Mn2O3) = ¼ n(S2O3
2-) 

 
Thus the number of moles of oxygen originally present in the water sample is ¼ n(S2O3

2-) 
added in the titration.  From this it is possible to calculate the concentration of O2 in the 
water (in mol L-1).  It is best to convert to a concentration in mg L-1 (or ppm where 1 mg L-1 
= 1 ppm) as these are the units commonly used in resource information to describe the 
concentration of oxygen in a water sample. 
 
Example of calculation 
Average titre volume V(S2O3

2-)  =  19.72 mL  Conc of S2O3
2- = 6.15 x 10-3 mol L-1 

   n(S2O3
2-) = c(S2O3

2-) x V(S2O3
2-)  =  6.15 x 10-3 mol L-1 x 0.01972 L 

        = 1.213 x 10-4 mol 
 
   n(O2)  =  ¼ n(S2O3

2-) =  3.033 x 10-5 mol in 100 mL sample 

  concentration of O2 = 
)O(

)n(O

2

2

V
 = 

0.100L

mol10033.3 5x
  = 3.033 x 10-4 mol L-1 

 
concentration (O2) in g L-1  = conc (O2) in mol L-1 x  M(O2) 
 
    =  3.033 x 10-4 mol L-1  X  32 g mol-1 
 
    =  9.704 x 10-3 g L-1  

concentration in ppm (mg L-1) = 9.704 x 10-3 g L-1  x  1000 mg g-1  
     = 9.704 ppm 

 
Typical values expected for a variety of samples 
Concentration of dissolved oxygen in salt water is less than in fresh water – about 6 – 7.5 
ppm rather than 8 – 9 ppm.  In any solution the concentration decreases with temperature. 
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Investigation 3: 
Determination of calcium and magnesium content 

Student Notes 
 
Ethylenediaminetetracetic acid (EDTA) is a compound (shown below) that forms 
complexes with metal ions such as calcium, magnesium or aluminium in a 1:1 ratio. 
 
  HO2CCH2         CH2CO2H 
    N-CH2-CH2-N 
  HO2CCH2         CH2CO2H 
  
The disodium salt of EDTA, referred to as Na2H2Y.2H2O, (molar mass 372.2 g mol-1) is 
moderately soluble and is the compound used in this determination of the amount of metal 
ions present in a solution.   
 
EDTA forms complexes with metal ions such as calcium, magnesium and aluminium ions 
in a 1:1 ratio.  For example 

  Ca2+    +    H2Y2-             CaY2-    +    2H+   
 
The equivalence point of these EDTA titrations can be determined by the presence of dyes 
which are sensitive to changes in metal ion concentration.  With the metal ions these dyes 
also form complexes that are highly coloured and the resulting colour change can be used 
to determine the endpoint. 
 
The titration may be either a direct titration of EDTA with the solution containing the 
metal ion or a back titration in which excess EDTA is added to the solution containing the 
metal ion, along with some of the indicator.  Different indicators may be used for different 
metal ions and it is important to note that the reactions are highly pH dependent so this 
needs to be closely controlled in each titration. 

 
 

Solutions 

1. Standard magnesium solution - 250 mL of approximately 0.0500 mol L-1 MgSO4.7H2O. 

2. Standard calcium solution (approximately 0.05 mol L-1 )-  dissolve 2.5 g dried calcium 
carbonate in 50 mL of 1 mol L-1 hydrochloric acid ( or add enough acid for the CaCO3 
to dissolve) then add distilled water to make up to 500 mL. 

3. 0.05 mol L-1 EDTA ( Na2C10H14O8N2. 2H2O), M = 372.2 g mol-1 

4. Ammonia/ammonium chloride buffer – CAUTION – this solution has a strong, 
pungent odour and should be dispensed in the fume cupboard.  

5. 1 mol L-1 potassium hydroxide solution  

6. A solution of Erio T indicator. 

7. A solution of Hydroxy napthol blue indicator. 
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Part One: Standardising the EDTA – a direct titration 
The standard solution of magnesium sulfate, MgSO4.7H2O, is used to check the 
concentration of the EDTA solution.  This is a direct titration and the Mg2+ 

 and EDTA react 
in a 1:1 ratio. 
 
1. Fill the burette with the EDTA solution (conc about 0.0500 mol L-1). 

2. Using a pipette, transfer 10.0 mL of the solution containing magnesium ions into each 
of four 250 mL conical flasks. 

3. Dilute the solution with 20 mL of deionised water. 

4. Using a measuring cylinder add 20 mL of the ammonia/ammonium buffer of pH 10 to 
each of the flasks.  This adjusts the pH to 10. CAUTION- this buffer has a strong 
smell and should be added in the fume cupboard. 

5. To each solution add a small amount (few drops) of Erio T indicator.  Each solution 
should be a deep pink colour. 

6. Titrate the magnesium solution with EDTA solution until the colour changes from pink 
to blue.  The endpoint may not be particularly distinct so keep a comparison of the 
colour with that in the flasks that have not been titrated. 

7. Use the known concentration of the magnesium sulfate solution to determine the 
accurate concentration of the EDTA.  

 
Part Two: Standardising the calcium solution –a direct titration using EDTA with 

added Mg2+ and Erio T as indicator. 

In the determination of the concentration of calcium ions alone, a direct EDTA titration 
does not give a sharp endpoint.  In the presence of magnesium ions, a substitution titration 
can be carried out.  Because of the relative stability of the complexes, the EDTA reacts 
with calcium ions first, then with free magnesium ions and finally with the magnesium –
indicator complex.  If the pH is between 7-11, at the endpoint of the titration the free 
indicator is produced and the solution changes from red to blue.   
 
1. Pipette 25 mL of the calcium ion solution into a conical flask and add 5 mL of the 

standard Mg2+ solution. 

2. Add 20 mL of ammonia buffer to adjust the pH and and a few drops of Erio T indicator.  
The solution goes violet due to the presence of the MInd- complex. 

3. Place the EDTA solution in a burette and titrate until the colour changes to a 
permanent blue colour due to the free HInd- indicator. 

4. Determine the concentration of Ca2+ in the solution. 

n(EDTA)added  =  n(Ca2+)  +  n(Mg2+) 
 
Part Three:   Test for Calcium and Magnesium in unknown sample (eg milk) 

The titration of calcium and magnesium in milk and dairy products is seriously complicated 
by the presence of orthophosphate ions that precipitate calcium and magnesium ions at 
the high pH necessary for titration with EDTA.  To avoid this problem, addition of excess 
EDTA to a milk solution causes the calcium and magnesium to complex with the EDTA, 
preventing the precipitation of these ions with phosphate when the solution is made 
alkaline. The excess EDTA is then back-titrated with a standard solution of magnesium 
ions at pH 10. The endpoint occurs when all the excess EDTA has complexed with added 
Mg2+ and further addition of Mg2+ produces the red MgInd- complex. 
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Titration with milk 

1. Pipette 10 mL of milk and 20 mL of EDTA solution into a 125 mL conical flask and 
mix thoroughly. 

2. Add 10 mL of ammonia buffer and a few drops of Erio T indicator. The colour of the 
solution will be light blue, the colour of the indicator HInd2-.  
Note that if the colour is violet to start with then it means that there is too much milk 
for the amount of EDTA present and their relative proportions will need to be 
adjusted accordingly.  

3. Place the standard magnesium solution in a burette and titrate until the colour 
changes from blue to violet.  Avoid dilution with water.  

 
Calculation 

The EDTA added to the flask complexes with both the Mg2+ and Ca2+ in the milk as well as 
the Mg2+ added from the burette. 
    n(EDTA)total = n(Mg2+ added)  + n(Mg2+ + Ca2+) in milk sample 

 
or n(Mg2+ + Ca2+) in milk  sample = n(EDTA)total – n(Mg2+)added 

 
 
Part Four: Test for Calcium only in a sample – a back titration 

A sharp colour change occurs when calcium ions are titrated with EDTA at pH values 
between 12 and 14 using hydroxy napthol blue as the indicator.  This pH is sufficiently high 
to ensure the precipitation of essentially all the magnesium as magnesium hydroxide, so 
that it does not interfere with the EDTA titration.  
 
Titration with milk 

1. Pipette 10 mL of milk. and 20 mL of EDTA solution into a 125 mL conical flask and 
mix thoroughly.  The EDTA will complex with any Ca2+ ions present in the milk. 

2. Add 20 mL 1.0 mol L-1 KOH to the sample to bring the pH up to about 13.  Check with 
a pH meter. 

3. Add 1-2 mL of the calcium indicator, hydroxy naphthol blue.  The colour of this 
solution will be bright blue due to the free indicator, as all the metal ions are 
complexed with the EDTA present. Note that if the colour is violet to start with then it 
means that there is too much milk for the amount of EDTA present and their relative 
proportions will need to be adjusted accordingly. 

4. Place the standard calcium solution in a burette and titrate against the above mixture 
until the colour changes from blue to violet.  At this point all the added Ca2+ ions have 
complexed with the excess EDTA present and the extra Ca2+ begins to form the red 
coloured complex with the indicator.   Dilution with water should be avoided as much 
as possible. 
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Calculation 

As above the EDTA added to the flask complexes with both the Ca2+ in the milk as well as 
the Ca2+ added from the burette. 
 

  n(EDTA)total   = n(Ca2+)in milk  +  n(Ca2+)added from burette 

 
n(Ca2+)added from burette = c(standard Ca2+ soln) x V(Ca2+ added) 
 

Thus the amount of Ca2+ in the 5 mL sample of milk can be calculated.  Using the molar 
mass this can be converted to a concentration in g L-1 or ppm. 
 
 

Part Five: Determining the mass of magnesium in milk 
Using the results of the titrations in Parts 3 and 4 above it is possible to determine the 
amount of both magnesium and calcium and hence the mass of each element in milk. 
 
  n(Mg2+) = n(Ca2+ + Mg2+)   -   n(Ca2+) 
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Investigation 3: 
Determination of calcium and magnesium content 

Teacher Guide Notes 
 
Type of Analytical Procedure –  complexiometric titration 
 
Possible Investigation Contexts 
This investigation involves determining the amount of calcium or magnesium (or combined 
total) present in a solution. Possible contexts include: 

 calcium content in different milks compared to manufacturers claims. 

 variation in calcium content obtained from different foods such as milks, yoghurt, 
icecream, cheese. 

 variation in calcium content of egg shells or different bones 

 effect on calcium content of a particular source with respect to any of the following 
variables  - storage time 

 - freezing 
 - exposure to sunlight 
 - pH   

 
Materials Required 
The solution containing calcium needs to be prepared or collected by the student – see 
suggestions below. 
 
Because this is a back titration, there are two or three standard solutions where the 
accuracy is critical and the student must take responsibility for preparing them from the 
solids provided.  They are 0.05 mol L-1 EDTA and either 0.05 mol L-1 MgSO4.7H20 or 
CaCO3 dissolved in dilute HCl.   
 
The other reagents listed below are in excess so their concentration is not critical and 
bench reagents or stock solutions prepared by the science technician are appropriate. 

 1 mol L-1 KOH 

 NH3/NH4
+ buffer – for safety reasons this is best prepared by the science technician 

byadding 120 mL of concentrated ammonia solution to 17.5 g ammonium chloride 
and diluting to 250 mL with distilled water. 

 Erio T indicator solution- made by dissolving 0.2 g of Eriochrome T in 5 mL of 
ethanol and then adding 15 mL of triethanaolamine. 

 hydroxy napthol blue indicator solution - a 10% solution of hydroxynapthol blue is 
made by dissolving 10 g of the indicator in 100 mL of distilled water.  

 
Other equipment needed is a pH meter (or narror range pH paper) and normal laboratory 
equipment including a burette, pipette, measuring cylinder, volumetric flasks and stock 
bottles.   
 
Preparation of sample 
Where analysing samples of yoghurt (or ice-cream) which contain chunks of fruit etc it is 
important to blend the mixture to ensure a uniform composition.  Because of the 
cloudiness of most milk-based products the end point may be seen more clearly if some 
water is added to the titration flask but this dilution tends to produce a less precise end 
point. 
 
When analysing cheeses the calcium present needs to converted into a usable form. 
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A typical procedure is: 

1. Add 10 mL of water and 10 mL of 1 mol L-1 HNO3 to 1.0 g of cheese. 

2. Heat on a water bath for about 10 mins to digest the curd. 

3. Cool and dilute with about 50 mL of water. 

4. Add 10 mL of EDTA and 20 mL of KOH. 

5. Add a fred drops of hydroxy napthol blue indicator and titrate with a standard 
calcium solution until the violet/red end point is reached. 

 
Doing a preliminary check 

Before starting the titrations themselves students should carry out some quick titrations 
using measuring cylinders to ensure that their titre values are going to be suitable. This 
can be done by adding about 5 mL of milk to about 10 mL of EDTA, adding the appropriate 
indicator and pH adjustment and then adding the standard calcium or magnesium from a 
measuring cylinder until the endpoint is reached. 
 
Theory behind the analytical method 
Most metal cations form stable complexes with EDTA in a 1:1 ratio, regardless of the 
charge on the metal ion.  Although the metal ion:EDTA complexes vary widely in stability, 
they are all formed quantitatively in certain pH ranges. 

  M2+    +    H2Y2-             MY2-    +    2H+  Reaction 1 

The equivalence point of an EDTA titration can be determined by dyes (coloured 
complexing agents) which are sensitive to changes in metal ion concentration.  The dyes 
form complexes with the metal ions that are highly coloured.  For example, for the indicator 
called Erio T (Ind) 
  

 HInd2-         +          M2+               MInd- +     H+  Reaction 2 
(blue in alkali solution)   (wine red) 
 
The metal-dye (M-Ind-) complex is quite stable,  but not as stable as the metal-EDTA  
(MY2-) complex.   
 
Typical values expected for a variety of samples 

Cows milk varies between about 100 and 200 mg per 100 mL. 
Soy milk varies from almost zero up to about 100 mL. 
Cheeses can vary from about 400 to 1000 mg per 100g with the harder cheeses generally 
having a higher concentration. 
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Investigation 4:   
Determination of the Alcohol content 

Student Notes 
This analysis determines the alcohol content of wine by a back titration method.   The 
ethanol is oxidised to ethanoic acid by heating with an excess of acidified potassium 
dichromate solution. 

     3C2H5OH  +  2Cr2O7
2-    +  16H+      3CH3COOH  +  4Cr3+  11H2O     (Eqn 1) 

 Excess KI is added and this reacts with any remaining Cr2O7
2- to produce iodine. 

  Cr2O7
2-   +  14H+    +  6I-     2Cr

3+  +  7H2O  +   3I2   (Eqn 2) 

The iodine produced is then titrated with standard sodium thiosulfate solution. 

  I2    +   2S2O3
2-       2I-    +     S4O6

2--      (Eqn 3) 

The indicator used in this titration is a 1% solution of starch  
 
Solutions 

 0.05 mol L-1 potassium dichromate (CAUTION – hazardous substance) 

 50% sulfuric acid (CAUTION- highly corrosive) 

 0.5 mol L-1 KI 

 0.1 mol L-1 sodium thiosulfate 

 1% starch solution – made by adding 100mL of boiling water to 1 g of starch 
powder. 

 
Procedure - Method A: 
1. Pipette 10 mL of wine into a 250 mL volumetric flask and make up to the mark with 

water. 

2. Place a 5 mL aliquot of the diluted wine in a conical flask and add 10 mL of 0.05  

mol L
-1  potassium dichromate.  Slowly add about 20 mL of 50% sulfuric acid 

solution to each flask.  WARNING -This solution is very corrosive. 

3. Stopper each flask loosely and heat in a water bath, at no more than 50 oC, for at 
least 60 minutes.  

4. Remove from the water bath and add about 10 mL of 0.5 mol L-1 KI. 

5. Titrate the contents with 0.1 mol L
-1

 sodium thiosulfate solution.  When the brown 
colour of the solution gets a green tinge, add a few drops of starch indicator.  
Continue adding thiosulfate solution until the solution goes a clear, green-blue 
colour.  This is the endpoint of the titration- it is not easy to detect but with practice it 
will become easier.   

 
NOTE:  It is possible to check whether the endpoint has been reached by holding the 
solution in the sunlight and adding a drop of starch indicator.  The appearance of a dark 
blue colour in the solution (where the drop was added) indicates iodine is still present. 

 

Method B: 
If the alcohol sample being investigated contains significant quantities of other substances 
that are able to be oxidised by acidified dichromate then the value obtained will be too 
high. This commonly occurs with alcoholic drinks such as beers and wines because of the 
presence of other organic molecules such as secondary alcohols. 
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In these situations it would usually be necessary to separate the alcohol from the sample 
by fractional distillation which is difficult and time consuming. However, if the interfering 
substances are less volatile than the alcohol itself the following modification known as 
Nicholl’s diffusion works adequately (as described in CHEMNZ No 73, Nov 98 pp 21-22). 
 
In this method, instead of adding the alcohol 
sample directly to the acidified dichromate mixture 
it is placed in a small container and suspended 
above the dichromate solution and left to diffuse 
into the solution where it is oxidised as previously 
described.  
 
The other components of the alcohol sample 
remain behind in the sample container and so do 
not contribute to the oxidation process. A diagram 
of the experimental set up is shown at right.   
 
Because the suspended container is of limited volume, smaller quantities must be used 
which usually means the original alcohol sample is not diluted before use. 
  
Procedure  
1. Pipette 10 mL of wine into a 100 mL volumetric flask and make up to the mark with 

distilled water. 

2. Use a graduated pipette to accurately add 2 mL of the wine sample into the small 
suspended container. NOTE:  The quantity required will depend on the sample eg 
for beers and mixers about 5 mL of a 10% solution should be appropriate. 

3.  Pipette 10 mL of the 0.05 mol L-1  potassium dichromate.  Slowly add about 20 mL 
of 50% sulfuric acid solution to each flask.  WARNING -This solution is very 
corrosive. 

4. Stopper each flask loosely and heat in a water bath, at no more than 50 oC, for a 
few hours or overnight. 

5. Remove from the water bath and carefully remove the suspended container without 
spilling its contents. 

6. Add about 10 mL of 0.5 mol L-1 KI into the flask containing the acidified dichromate 

7. Titrate the contents with 0.1 mol L-1 sodium thiosulfate solution.  When the brown 
colour of the solution gets a green tinge, add a few drops of starch indicator.  
Continue adding thiosulfate solution until the solution goes a clear, green-blue 
colour.  

8. Using the titration data determine the number of moles of Cr2O7
2- remaining in the 

flask.  By subtracting this from the total amount of dichromate originally added to the 
flask it is possible to determine how many moles of dichromate have reacted with 
the ethanol present in the original sample.  The concentration of ethanol can then 
be determined in either mol L-1, g L-1 or %(w/V). 
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Investigation 4:   
Determination of the Alcohol content 

Teacher Guide Notes 
 
Type of Analytical Procedure – redox back titration 
 
Possible Investigation Contexts 
This investigation involves determining the amount of alcohol present in solution. Possible 
contexts include: 

 comparison of alcohol content in commercial drinks compared to manufacturers 
claims. 

 variation in the amount of alcohol present in different types of drinks such as beers, 
wines, mixers and spirits. 

 variation in the alcohol content of different types of wines or variation in content of 
the same wine but from different vintages. 

 amount of alcohol present in other products such as perfumes, after shaves and 
cough mixtures. 

 effect of time on the oxidation of alcohol when exposed to air for varying lengths of 
time as in leaving a bottle of wine uncorked. The effect of increased surface air 
contact could also be investigated. 

 amount of alcohol formed during the fermentation process as a function of time 
during the brewing of beer, ginger beer or wine. 

 
Materials Required 
The solution containing the alcohol needs to be prepared or collected by the student – see 
suggestions below. 
 
Provided a blank titration is carried out, sodium thiosulfate is the only standard solution 
and students will need to take responsibility for preparing this solution as they need to 
know its exact concentration. 
 
The other solutions listed below can be prepared by the science technician: 

 0.05 mol L-1 potassium dichromate (CAUTION – hazardous substance) 

 50% sulfuric acid (CAUTION- highly corrosive) 

 0.5 mol L-1 KI 

 1% starch solution (made by adding 100mL of boiling water to 1 g of starch 
powder.) 

 
Equipment needed includes the usual titration equipment as well as graduated 10 mL 
pipettes and a water bath if available. If a water bath is available the oxidation process 
takes approximately an hour to complete at 50 OC. Otherwise the samples would need to 
be left at least overnight for complete oxidation to occur. They should also be able to 
prepare both the and the  
 
Because each sample needs to be left to oxidise between periods a relatively large  
quantity of flasks (or other suitable vessels) will be required. 
The 50% sulphuric acid is extremely corrosive and students need to be adequately 
prepared for its use. We have trialled this experiment with lower concentrations but have 
found the acid concentration to be critical to obtain consistency of results -even when a 
water bath is used.  
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Preparation of solutions 
If method A is used the colours of some mixers and red wine in particular can partially 
obscure the end point of the titration but looking through the solution to a light source 
helps. This is not an issue for method B as any colour remains in the suspended container.   
Depending on the method used and the concentration of alcohol in the sample, the 
solution may have to be diluted and the relative proportions of the sample and/or acidified 
dichromate solution varied to ensure a suitable range of titre values. However the following 
guidelines may be useful.  
 
Method A works well for most wines but may need minor adjustments if the alcohol content 
falls outside the usual 11-13% range. As most beers and mixers are around 4-5% alcohol, 
the sample should be prepared by pipetting 25 mL of the beer into a 100 mL volumetric 
flask. 
 
When using method B, the sample may not necessarily be diluted at all because of the 
limited container volume. Under the conditions described, about 2 mL of wine or about 4-5 
mL of either beer or mixers is a reasonable starting point. 
 
Doing a trial titration 
Because this is a back titration it is essential to carry out a blank titration first and then a 
rough trial. The actual proportions of alcohol sample and dichromate used are best 
determined by informed “trial and error” by starting with the proportions suggested above 
and modifying to suit.  If the titre value is too low (or zero!) then there is too much alcohol 
present for the amount of alcohol and either less volume or an increased dilution factor will 
be required for the sample. 
If the titre value is too close to the blank titre value, then more alcohol needs to be added. 
Alternately the amount of dichromate could be increased although this will increase all titre 
values including the blank.  Note that if the amount of dichromate is varied then the 
amount of potassium iodide that is added will also have to be adjusted accordingly. 
It is important when altering the proportions to remember that there is a 4:1 ratio between 
the amount of alcohol present and the volume of thiosulfate required. Therefore, even 
minor adjustments often produce large variations in titre values. 
 
Theory behind the analytical method 
The blank titration can be used to determine the exact concentration of the potassium 
dichromate solution, given the sodium thiosulfate is a standard solution. However, this 
value is not actually needed as it can be shown by combining the 3 redox equations that 1 
mol of S2O3

2- is equivalent to 0.25 mol of C2H5OH in the sample placed in the container. 
 
The procedure below shows that if the difference between the volumes of the blank and 
sample titres is V (in L), then the difference between these volumes can be used directly to 
determine the amount of alcohol present in the sample. 

From eqn (1)          nalcohol  = 3/2 x ndichromate used 

        = 3/2 [ ndichromate added – ndichromate remaining] 

From eqn (2) + (3)  blank titration   nthiosulfate blank = 6 x ndichromate added 

    so      ndichromate added  = 1/6 x nthiosulfate blank 

       = 1/6 x Cthiosulfate x Vblank 

Similarly for the sample titration  ndichromate remaining = 1/6 x Cthiosulfate x Vtitre 

So nalcohol  = 3/2 [(1/6 x Cthiosulfate x Vblank ) – (1/6 x Cthiosulfate x Vtitre ) 
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  = 3/2 x 1/6 x Cthiosulfate x [Vblank - Vtitre ] 

  = ¼ x Cthiosulfate x [difference in titre values (in L)] 

 
In method B the separation of the alcohol from other components for the following reason. 
The most volatile components of the mixture (in this case ethanol and water) evaporate 
from the surface of the sample and, were there nothing to interfere with it, the opposing 
processes of evaporation and condensation would bring the system to equilibrium. What 
prevents this happening is that any ethanol molecule that condenses on the surface of the 
dichromate mixture diffuses into the mixture and is oxidised.  
 
Example of calculation 
The students need to understand the chemistry behind the analytical method and the 
following sets out a full calculation based on typical data. 
 
The total number of moles of dichromate added: 

   n(Cr2O7
2-)total  = 0.010 L x 0.05 mol L-1 = 5 x 10-4 mol 

For the sample titration, using 2 mL wine diluted by 10%, the amount of dichromate 
remaining after reaction with ethanol is determined as follows:  

Volume of S2O3
2- used in titration = 11.68 mL  =  0.01168 L 

    C(S2O3
2-)  =  0.100 mol L-1 

n(S2O3
2-) =  0.100 mol L-1  x  0.01168 L  = 1.17 x 10-3 mol 

Therefore 
n(Cr2O7

2-)remaining  = 1/6 x n(S2O3
2-)   =  1.95 x 10-4 mol 

The amount of ethanol that has reacted is calculated as: 

n(ethanol) in 2 mL of diluted sample = 3/2 [n(Cr2O7
2-)total  - n(Cr2O7

2-)remaining] 

  =  3/2 (5 x 10-4 mol  - 1.95 x 10-4 mol) 

  =  4.58 x 10-4 mol 

The concentration of diluted sample in mol L-1 is 0.229 mol L-1  or  10.5 g L-1. 

The original sample is therefore 105g L-1 or 10.5%.(V/V) 

Since the density of ethanol is 0.785 g mL-1 this corresponds to a concentration of  
13.4% (w/V) ethanol in the original wine. 
 

This can be checked against the number of moles calculated using the following 
relationship. 

  n(ethanol)   = ¼ x Cthiosulfate x [difference in titre values (in L)] 

    =   ¼ x 0.100 mol L-1  x  (0.030 L  - 0.0117 L)             

    =    4.58 x 10-4 mol in 2 mL of diluted wine  

This corresponds to the value calculated above. 

   

Typical values expected for a variety of samples 
  Wines 10% - 13% alcohol while spirits may be up to 40% 
  Beers – 3 - 5% alcohol 
  Premixed drinks are usually about 3 - 4% alcohol 
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 Investigation 5:   
Determination of Vitamin C content 

Student Notes 
 

Vitamin C (ascorbic acid) is a reducing agent and reacts with iodine, I2, according to the 
following equation. 
 
 
     
 

      +   I2      +  2H+   +   2I-    Eqn 1 
 
 
 
 
(This is a line formula of an organic molecule in which each corner where lines meet 
represents a carbon atom). 
 
The difficulties of handling iodine solution makes it preferable to use a technique in which 
a known excess of I2 is generated by reacting iodate with iodide to produce a solution of 
iodine.  
  IO3

-   +   5I-   +   6H+   3I2    +   3H2O   Eqn 2 
 
When a known amount of fruit juice is added to this solution the ascorbic acid (Vitamin C) 
present in the fruit juice reduces the equivalent amount of iodine (reacts in a 1:1 ratio).  
The excess iodine remaining in the solution is then determined by titration with sodium 
thiosulfate.  As the thiosulfate is added the colour of the iodine fades and when the 
solution is a pale yellow colour a few drops of starch indicator solution is added.  This 
makes the solution go a dark blue colour and means that a clearer endpoint will be 
obtained with further addition of sodium thiosulfate.  Note that the stated colours may vary 
if the juice solution is coloured and initial titrations will have to be carried out to determine 
the colour change that will occur at the endpoint of the titration. 
 
  2S2O3

2-    +    I2      2I-    +    S4O6
2-    Eqn 3 

 
Solutions 

 0.100 mol L-1 Na2S2O3.5H2O 

 0.0100 mol L-1 KIO3 

 1.0 mol L-1 H2SO4 

 0.20 mol L-1 KI 

 1% starch solution – made by boiling 1 g starch with 100 mL water 

 About 50 mL of fruit juice for each titration. 
 
Part A: Blank titration in absence of Vitamin C 

1. Into a conical flask pipette 25 mL 0.0100 mol L-1 KIO3. 

2. Add 5 mL of 1.0 mol L-1 H2SO4.  

3. Add 15 mL (excess) of 0.20 mol L-1 KI solution.  The solution will appear a dark 
yellow-brown colour due to the formation of iodine.   

4. Titrate this solution with the standard 0.100 mol L-1 sodium thiosulfate solution, until 
the yellow colour of the iodine has faded.   
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5. Add about 1 mL of starch indicator, then continue adding the thiosulfate until the blue 
colour of the starch-iodine complex has just disappeared.   

6. Repeat until concordant titres are obtained. 

7. Using the titration data and equation 3 determine the amount of iodine originally 
present in the flask when the iodate and iodide were mixed. 

 
Part B – Determination of Vitamin C content of juice 
You may need to adjust the following amounts of reactants to get satisfactory volumes in 
your titrations.  This will be determined by carrying out some initial trials. 
 
1. Into a conical flask pipette 25 mL 0.0100 mol L-1 KIO3  

2. Add 5 mL of 1.0 mol L-1 H2SO4.  The sulfuric acid should ensure that the ascorbic 
acid does not oxidise in the air before it is titrated.   

3. Add 15 mL (excess) of 0.20 mol L-1 KI solution.   

4. Open the juice container and pipette about 50 mL of fruit juice into the conical flask.  
Note that this volume may vary depending on the juice. 

5.  Proceed with the titration of the excess iodine using the standard 0.100 mol L-1 
sodium thiosulfate solution, until the yellow colour of the iodine has faded.   

6. Add 1-2 mL of 1% starch indicator, then continue adding the thiosulfate until the blue 
colour of the starch-iodine complex has disappeared. 

7. Repeat until concordant titres are obtained. 
 
NOTE:  As this is a back titration, the volume of sodium thiosulfate required to reach the 
endpoint should be significantly less than the volume used in Part A.  If this is not the case 
then the method will have to be altered by increasing the volume of juice sample. 
 
Calculations 
Using the titration data from Part B it is possible to determine the amount of iodine 
remaining in the solution following the reaction of some of the iodine with the Vitamin C 
present in the fruit juice.   
Since  

n(I2)total determined in part A = n(I2)reacted with Vitamin C  +  n(I2)remaining to react with thiosulfate in titration 

 
it is possible to use these results to determine the amount of Vitamin C present in the fruit 
juice sample added to the flask.  In other words: 

 n(Vitamin C) = n(I2)reacted with Vitamin C 

= n(I2)total determined in part A  - n(I2)reacting with thiosulfate in titration 
 
This can then be used to determine the concentration in mol L-1, in g L-1 and in ppm. 
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Investigation 5:   
Determination of Vitamin C content  

Teacher Guide notes 
 
Type of Analytical Procedure – redox back titration 
 
Possible Investigation Contexts 
This investigation involves determining the amount of Vit C present in solution. Possible 
contexts include: 

 Vit C content in commercial juices compared to manufacturers claims. 

 variation in Vit content of juice obtained from different foods such as fruits 

 comparison between commercially produced juices and “freshly squeezed” 
equivalents. 

 variation in Vit C content of fruit from different variety, or different ripeness or 
different parts of a tree. 

 Vit C content in Vitamin tablets compared to manufacturers claims 

 Effect on Vit C content of a particular source with respect to any of the following 
variables  - storage time 

 - exposure to air 
 - exposure to sunlight 
 - pH   

- heating time (as in stewed fruit or cooking vegetables) 
 

Materials Required 
The water sample containing Vitamin C needs to be prepared or collected by the student – 
see suggestions below.  Using solid Na2S2O3.5H20 the student also needs to prepare the 
standard solution of 0.100 mol L-1 Na2S2O3. 
 
The remaining solutions can be prepared by the technician: 

 0.01 mol L-1 KIO3  (2.14 g in 1 L) 

 0.20 mol L-1 KI  (16.6 g in 500 mL) 

 1% starch solution made from 1 g starch with boiled with 100 mL of water 

 1.0 mol L-1 H2SO4  
 

Other equipment needed is normal laboratory equipment including a burette, pipette, 
measuring cylinder, volumetric flasks and stock bottles.  Students may also need filter 
funnels (cotton wool or coffee filters) and may need access to a blender. 
 
Preparation of water sample 
If the source of Vit C is already in solution it is only a matter of adjusting the concentration 
(or volume added) to ensure sensible volumes of Na2S2O3 solution are used in each 
titration – (see below). 
If the source of Vit C is in some other form –e.g fruit (or tablets) then either the fruit will 
need to be squeezed or juiced in some way, coarse filtered to remove extraneous material 
such as pulp and pith and then made up with water to a known volume. Cotton wool or 
coffee filters provide a quick method of coarse filtration. 
Alternatively, a given mass (depending on the particular sample) may be weighed out and 
allowed to soak in water before filtering and making up to a known final volume. 
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Theory behind the analytical method 
This analysis is an example of a back titration.  The amount of iodine initially produced in 
the solution is determined by titration with sodium thiosulfate.  This is then compared with 
the amount of iodine found to be present after a sample of juice containing Vitamin C has 
been added.  The difference between these 2 amounts gives the amount of Vitamin C 
added. Note however that the presence of other reductants in the juice can interfere with 
the results but the students can only acknowledge this in their discussion.   
 
It is often difficult to be sure whether the endpoint of the titration has in fact been reached.  
To check, it is possible to add another drop of starch and see if the solution goes dark blue 
at the point where the starch mixes with the solution.  If it does then further thiosulfate 
needs to be added. 
 

Example of calculation 
Part A 
Average volume of 0.100 mol L-1 S2O3

2-(aq) used in a blank titration = 15.05 mL 
 
 n(S2O3

2-)  =  0.01505 L x 0.100 mol L-1   = 1.505 x 10-3 mol 
 
 n(I2)total  =  ½ n(S2O3

2-)  =  ½ x 1.505 x 10-3 mol  =  7.53 x 10-4 mol  Answer A 
 
 This answer represents the maximum number of moles of iodine formed when no Vitamin 
C is present. 
 
Part B 
 50 mL of squeezed orange juice is added to flask containing iodine where total 
amount of iodine is given in answer to part A 
    n(I2)total =  7.53 x 10-4 mol 
 
The Vitamin C (and possibly other reductants) reacts with the I2 and reduces it to I-. 
 
The amount of I2 remaining is determined by titration with sodium thiosulfate and the 
average titre volume is 11.40 mL 
 
 n(S2O3

2-)  =  0.100 mol L-1 x 0.01140 L = 1.14 x 10-3 mol 
 

n(I2)remaining after reaction with Vit C  =  ½ n(S2O3
2-) =  ½ x 1.14 x 10-3 mol  

 
 =  5.70 x 10-4 mol       Answer B 

 
Using the answers A and B it is possible to calculate the amount of I2 that reacted with the 
Vitamin C.  They are known to react in a 1:1 ratio. 
   n(I2)reacted with Vit C   = Answer A – Answer B 
 

= 7.53 x 10-4 mol  -  5.70 x 10-4 mol 
 
      =  1.83 x 10-4 mol 
 
      = n(Vitamin C) in 50 mL of juice. 
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  c(Vitamin C)  =  n/V  =  
L

molx

050.0

1083.1 4

 = 3.66 x 10-3 mol L-1 

 
Converting concentration to g L-1  =  3.66 x 10-3 mol L-1 x M(Vit C) 
 
     =  3.66 x 10-3 mol L-1 x  176 g mol-1 

 
     = 0.644 g L-1  or  644 mg L-1 
 
 
Typical values expected for a variety of samples 
The amount of Vitamin C in different types of fruit juices varies from about 40 –120 mg per 
100 mL.    
 


