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Teacher Guidelines:

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Context/setting:

Students will carry out an individual extended practical investigation and present their findings in a report.  The method of presenting the report will be determined by negotiation with the teacher e.g. as a booklet, on a computer disc.

Conditions:

· The investigation is to be done individually.

· Students will need a significant period of time to carry out the work for this assessment.  It is recommended that students have three weeks of class time to complete the practical work.  Additional time will be required to complete the report but this does not require class time.

· This investigation will involve developing a procedure to collect data about the concentration of chloride ions in sea water at different sites in an estuary and at two different depths.  In this way the extent of tidal exchange can be considered.

· Students should research the topic e.g. searching the internet, reading reference books, consulting an expert.  Background information could include reports on scientific work related to the topic, experimental procedure and/ or information about the substances involved.

· Primary quantitative data will be collected by precipitation titrations using silver nitrate solution and potassium chromate as an indicator.

· All students must keep a logbook that records their progress, raw data and calculations.  The logbook will be submitted with the final report.

· The student is expected to carry out preliminary trials to establish suitable concentrations, quantities and a range of variables.  These trials may be “small–scale” and involve the use of approximate volumes and / or concentrations.  Data from any preliminary work should be recorded in the logbook.

· It is expected that a student will be provided with a silver nitrate solution which they may need to dilute.  This solution will need to be standardised using a standard solution of either KCl or NaCl prepared by the student.  The potassium chromate solution to be used as an indicator may be provided.

· The student will need to collect their own water samples, deciding a sensible range of sites up an estuary and also the depth at which the samples are collected.  More than one sample will need to be collected at each site, and a mechanism for collecting water at a depth of say 2 m will need to be decided.  Weather and tidal conditions will need to be considered.

· The work must be authenticated, by the teacher, as the original work of the student.   This can be achieved by checking the logbook at regular intervals during the investigation.  This encourages students to use a scientific, organised approach to their work.  Students must use only raw data that they have collected themselves in any calculations leading to their conclusion.

· At a later date an independent person, who is not in a position to interview the student, should be able to use the logbook and the report to assess the work against the achievement standard criteria.  Any calculation procedures should be described so that the independent assessor could use the data to obtain the same answers.

Resource requirements

· Students will need access to suitable materials and equipment over the period of the investigation.  They will need to devise their own way of collecting the water samples.

Additional information

· The purpose (aim) is to investigate by quantitative analysis the concentration of chloride ions in seawater samples taken from an estuary (the dependent variable) and relate this to the degree of tidal exchange.  The concentration of chloride ions can be expressed in moles per litre, or grams per litre.

· The major focus for this standard is that the student can plan and carry out a complete investigation with very little input from the teacher or another qualified person.  Where a consultant is used, details of the advice they have provided must be documented in the log book and their contribution acknowledged in the final report.

· Teachers should note that students are expected to have done some formative work before attempting this investigation.
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Student Instructions Sheet

This is an individual extended practical investigation.

Time allowed:

· 3 weeks of class time to carry out the practical work required for this assessment.  Extra laboratory time may be negotiated with your teacher.

· Additional time is needed to complete the report for submission.

Investigation Process

1. Define your purpose 

· The purpose (aim) is to investigate, by quantitative analysis, a possible trend in the concentration of chloride ions in seawater samples taken at different sites and depths up the <named> Estuary.  The concentration of chloride ions (dependent variable) can be expressed in moles per litre or grams per litre, and the variation in concentration can be used to consider the degree of tidal exchange that is occurring.

2.
Do some background research and check safety
· Research your topic e.g. search the internet, read reference books, consult an expert. 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.

· Find information about the analytical method in which the concentration of chloride ion in aqueous solution is determined by precipitation titration using silver nitrate solution and potassium chromate as the indicator.  Identify those substances that are flammable, harmful, irritant, oxidising, explosive, toxic or 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.

· Decide how, when and from where you will collect your samples of seawater.  You will also need to decide what volume of water will need to be collected from each site.  It is important that duplicate samples are collected so that the variation and reliability of the data obtained can be determined.

· You must keep a logbook that records your progress, all raw data and calculations.  The logbook will be submitted with the final report.

· The method of presentation of your report will be determined by negotiation with your teacher. e.g. as a booklet, on a computer disc.

3.
Plan your practical work and do some trials
· You should carry out preliminary trials to establish suitable concentrations and quantities and to identify variables that need to be controlled.  These trials may be “small–scale” and involve the use of approximate volumes and/or concentrations.  Records of any preliminary work should be recorded in a logbook which will be submitted with your final report.

· For the chemicals required, determine approximate quantities and concentrations needed.  It is expected that you will be provided with a silver nitrate solution but you may need to dilute this.  You will need to standardise this by titration with a standard solution of KCl or NaCl that you have prepared.  A solution of the potassium chromate indicator will be provided.

· Your plan must detail procedures that will make sure you obtain sufficient, appropriate and consistent data to enable you to write a valid conclusion that is linked to the purpose of your investigation.  Titre volumes should be at least 10 mL to reduce the percentage error due to the equipment used.  To avoid excessive use of silver nitrate solution (and so reduce cost) titre volumes should not exceed 15 mL.

· When carrying out the titrations it is important to get concordant data for each sample to ensure reliability of the titration procedure.  In addition it is necessary to duplicate the whole procedure to check reliability of the method used so that a valid comparison of experimental data can be made.
4.
Collect and record 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. number or position of estuary sites 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.

· It is important to record all your results even if they seem wrong.  Possible reasons for these unusual results should be considered in your discussion.

5. Process data

· 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.

· Where appropriate, graphs and tables of processed data should be used.

· In general calculated values should be stated with no more significant figures than the least precise value used in the calculation.

6.
Write a report
Your report must include the following sections:

· Purpose – a statement of the aim of the investigation.

· Relevant 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.  This must include a description of how samples are collected, how significant variables are controlled and a description of the analytical technique used.  Any modifications made to the method during the course of the investigation should be included.

· Results – a summary of processed data in a systematic format with tables and graphs where appropriate.  A sample calculation using experimental data obtained in the investigation will be included for each analytical procedure (including standardisation of solutions).

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

· Discussion – an evaluation of the whole investigation that considers

a) An evaluation of the procedure used and sources of error.

b) Reasons for any modifications made to the original method.

c) The accuracy and reliability of the data collected.

d) The significance of the results in relation to the background information.

e) Comments on the significance and validity of the conclusion.

f) Suggestions for improvement.

· Bibliography - an acknowledgement and identification of sources of information.

AS90694 Version 2

Assessment schedule: Chem/3/1 – B1:  To investigate the variation in chloride ion concentration in the <named> estuary.

	Evidence towards achievement
	Evidence towards achievement with merit
	Evidence towards achievement with excellence

	An extended practical chemistry investigation will involve: 

· developing and carrying out a procedure to collect data about a possible trend in the amount of a substance

Method described in report, raw data in log book – titration data, sites where samples collected identified, evidence of processed data.

· collecting and recording a sufficient quantity of data to allow a conclusion to be reached

Data from standardisation of AgNO3 is recorded.

Titration data recorded for analysis at 4 different sites and /or depths.  Titrations are repeated in an attempt to obtain concordant results.
· processing of data to reach a conclusion

Log book shows initial and final volumes for all titrations carried out, detail of calculations carried out on data.  Titration data has been used to determine concentration of chloride ion present in each sample.

· presenting a report that contains:

· a statement of the purpose of the investigation

To investigate the variation in chloride ion…..
· a description of the procedure that includes preparation of samples and solutions used, control of significant variables, and the analytical technique used

Method described includes collection of samples as well as titration using silver nitrate and potassium chromate indicator.  Includes standardisation of the silver nitrate solution used.  Ttitration endpoint is described.

· summary of collected and processed data

Summary shows concentration of chloride ion at each site or depth.

· a conclusion based on the processed data.
eg The results show that the chloride ion concentration increases as…..
 (Conclusion must relate to data.)
	A quality extended practical chemistry investigation will involve: 
· developing and carrying out a procedure to collect quality data about a possible trend in the amount of a substance
Method of collecting samples at depth would ensure water is not mixed with that at a higher level.  Environmental factors are considered.
Difficulties in determining the endpoint of the titration are considered.

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

At least six different sites and/or depths used over an appropriate range.

Titrations relating to each sample have been repeated to gain concordant results.  If the endpoint is difficult to determine more than three titrations are done and used to determine the average titre volume.

· accurate processing of data as appropriate to the procedure used, to reach a valid conclusion

Titres and average titres are correctly calculated.

Calculation of concentration of chloride ion is correctly calculated.

· presenting a report that contains: 
· a statement of the purpose of the investigation and relevant background information

Purpose of investigating chloride ion concentration at different sites is related to tidal exchange.

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

The method used is described clearly.

· an example, using experimental data obtained, of the mathematical steps used to process the data
One set of results is used to clearly show all the steps involved in the calculation of concentration of chloride ion.

· a summary of collected and processed data

A table of all the calculated results is shown.

A diagram is included that illustrates the way in which the concentration of chloride ion varies depending on position in the estuary.

· a valid conclusion based on the processed data relevant to the purpose of the investigation

eg The results show that the variation in chloride ion concentration at the surface is greater than (or less than) that at <stated> depth or position in the estuary etc.
· a discussion that evaluates the procedure used or the reliability of the data.

eg Discussion of the difficulty of identifying the endpoint of the titration; how problems with sample collection were resolved.
	A high quality extended practical chemistry investigation is a quality investigation that also involves:

· checks to determine the reliability of the procedure

Titrations have been repeated and concordant values achieved.
Duplicate samples have been collected and analysed at each site. 

· accurate processing of data using appropriate significant figures

Data is shown with correct units, volume – mL, amount – mol, concentration – mol L–1, g L–1 etc.

Data has appropriate significant figures in final values given.  This will usually be 3 s.f.

· in the report:

· a description of the final procedure that shows an understanding of the technique used, and reasons for any modifications to the procedure
The method is outlined in a way that shows very clear understanding.  Includes balanced equations and links these to the steps in the calculation.

Environmental factors such as weather and tide have been considered.  The concentration of silver nitrate has been varied to ensure titre values in range 10 mL to 15 mL at each site.

· a comprehensive evaluation of the whole investigation that considers

· the significance of the results in relation to the background information and the validity of the conclusion

Some discussion of tidal exchange and how it links to the variation in chloride ion concentration. 

Suggestions related to the environmental conditions under which samples were collected.  Suggestions as to why results might be different to that which was expected.

· the reliability of data by evaluating the procedure used and sources of error.

Comment on concordancy of titres gained.
Evaluation of reliability/accuracy of analytical method by comparison of data collected from the different depths/sites.  Any significant problems discussed.
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