IA Useful Tips
Please refer to your portfolio for more details

DESIGN

Planning a)

· Give a specific and precise research question. This should include the variable that you wish to change and also the variable that you wish to measure.
E.g. How does the mass of zinc affect the mass of copper displaced during the reaction between copper sulfate and zinc powder? 

It may be a good idea to identify the variables in rough before deciding on your research question.

The title of the investigation will often help to identify what you should be measuring. E.g. Factors that affect the mass of copper produced from copper sulfate during a displacement reaction.

· Give a detailed hypothesis based on science. This means how do you think what you are changing will affect what you are measuring.

E.g. If the mass of zinc powder is increased, the mass of copper displaced should also increase.

You must then attempt to explain your prediction in terms of science. First try to give an equation for the reaction (if appropriate.) Explain qualitatively (in words).

E.g. From the equation; one atom of zinc displaces one atom of copper. Therefore if the mass of zinc increases and the number of atoms of zinc increases, this will cause the number of copper atoms displaced and therefore the mass of copper produced to also increase.

Then if you are confident try to explain quantitatively (using numbers and mathematical relationships). This will score better marks.

E.g. If the number of atoms of zinc doubles then the number of atoms of copper displaced will also double (presuming that the copper sulfate is in excess). This means that the mass of zinc used is directly proportional to the mass of copper displaced. Here is a calculation to prove this…

· Carefully identify all the variables involved in your investigation. You must identify the variable that you wish to change (independent variable)

E.g. The mass of zinc powder.

You must identify the variable that you will measure (dependant variable).

E.g. The mass of copper produced.

Finally you must identify the variables that you must control to make your investigation a fair test (control variables)

E.g. Concentration and volume of copper sulfate, temperature, time taken for reaction, time left to dry copper before weighing etc.

Planning b)

· Give precise and accurate details of the apparatus and materials that you will use to accomplish your investigation.

Give the names and /or formula of chemicals required. If using solutions then give the concentrations. E.g. Copper sulfate (1 mol dm-3)
If using specific glassware such as burettes, pipettes, conical flasks, measuring cylinders or beakers then specify the volume that will be used. E.g. 250 cm3 beakers.

You don t need to do this with more general glassware or apparatus such as test tubes, funnels, condensers, glass rods, spatulas, electronic balances etc.

Often a diagram will be a clear way of doing this. It will help explain your plan particularly when a more complicated procedure is required.

· You must then describe a method that controls the variables.

This means that you need to explain how you will carry out your practical. You will need to refer to your apparatus and chemicals when you do this. Imagine that another student has to follow this.

E.g. Accurately measure out 25 cm3 of copper sulfate (1 mol dm-3) using a pipette.

Most importantly you must carefully make sure that you have described a fair test. In order to do this it may be a good idea to write a short paragraph entitled ‘Why my investigation is a fair test.’ You can then make sure that you have clearly covered this point. E.g. Every time I change the mass of zinc I will use the same volume and concentration of copper sulfate (excess), I will do the experiment at the same temperature and leave the mixture to react for the same length of time. I will leave the copper to dry for the same length of time before weighing and will use the same clean set of apparatus.

· Finally your method must include sufficient data that you suggest to collect. 

This means that you need to suggest how many times you should change things and the values that you will use.

To accomplish this clearly it may be a good idea to ask yourself the following questions.

What will I change? E.g. The mass of zinc powder added will be changed. I will use 0.5g the first time and then the following values 1.0g, 1.5g and then 2.0g.

Always make sure that you suggest at least 4 different and equally spaced values.

What will I measure? E.g. I will be measuring the mass of the dry copper powder produced after each experiment.

What will I control? E.g. The volume of copper sulfate used will be 50cm3 and its concentration will be 1 mol dm-3 to make sure that it is in excess. I will do each experiment at room temperature and leave each one for 2 minutes to react. I will also allow each sample of copper powder to dry for at least 12 hours before weighing.

How will you ensure accuracy? Each experiment will be repeated twice and then averaged to get accurate results for each mass of zinc used. 

Data Collection

· Record all raw data for your dependant and independent variable accurately. 

E.g. Mass of copper produced and mass of zinc used.

Think carefully about the number of significant figures that you are recording.

E.g. For titrations, using 12.10 cm3shows that you are carrying out the practical with a high degree of accuracy. 

Record data for all your control variables as well. E.g. The concentration and volumes of the copper sulfate used = 1mol dm-3 and 25 cm3. The time left to react = 2 mins, temperature = 250C,  time left for copper to dry = 12 hours.

If you repeated your experiment then include this data as well.

For the data that affects your final answer (the mass of copper and zinc) include reasonable uncertainties in your values due to the accuracy of the equipment you are using. You can also estimate how accurate your values are.

E.g. Mass of copper obtained +- 0.1g (due to accuracy of balance and estimated loss of copper during transfer , mass of zinc used +-0.05g due only to inaccuracy of balance.

You must also include at least one qualitative observation. This may be something that you can refer back to in the conclusion or evaluation. E.g. During the reaction a brown solid was produced and the copper sulfate became clearer. The copper became much darker as it dried.

· You must make sure that all your data is presented in an organized way.

This should be in the form of a table for your independent and dependant variable.

Think carefully about the design of this table, column headings etc., include units in the headings and also it is a good idea to include your uncertainties in the column heading.

 
E.g. Mass of zinc (g) +-0.05g / Mass of copper produced (g) +-0.1g.

Ask yourself, is your table clear and well organized?

Present the data for all your control variables clearly (this does not need to be in a table.) Also present your observations clearly to allow for easy interpretation in your evaluation if necessary. 

Data Processing

· The raw data needs to be processed accurately and effectively.  If repeats have been completed then first of all you need to work out averages. Use these averages to calculate an answer or to draw a graph.

In the case of a graph, you must explain the shape of each part of it.

E.g. Graph shows that as the mass of zinc is increased, the mass of copper produced also increases. In fact if the mass of zinc is doubled then the mass of copper also doubles. This can be shown from the lines drawn on the graph. When the mass of zinc is increased form 0.5 g to 1.0 g the mass of copper produced doubles from 0.76g to 1.52g. This means that they are directly proportional.

Uncertainties also need to be processed effectively.

When one final answer is produced such as the unknown concentration of a solution, then the total % uncertainty must be calculated by adding all the % uncertainties from all the relevant data. (E.g. From the pipette, burette, balance, volumetric flask, and perhaps an estimation of the accuracy of the end point). Always round up/down your % uncertainty. There is no point in having a 10.2345% uncertainty!

E.g. Concentration = 0.72 mol dm-3 +-10%.

You can then translate this into an actual amount of the answer.

E.g. Concentration = 0.72 +- 0.072 mol dm-3.
This should then affect the number of significant figures that your final answer is given to. E.g. The concentration lies in the range of 0.79 to 0.65 mol dm-3.

When you have lots of data and need to plot a graph, your uncertainties need to be represented on your graph (see below).
· Your data must be processed and presented in an organized and clear way.

If it is a calculation then this means that it must be well set out with suitable explanations about what each stage of the calculation means so that it can be easily followed. 

When you give your final answer, remember units, and also the correct use of significant figures to show that you understand the uncertainties. You may want to give a maximum and minimum final answer after considering this.

When a graph is required, this should be well structured, of a reasonable scale, with a title, axis labeled, including units, points accurately plotted, and a line of best fit if applicable. Only your average values should be plotted.

To consider uncertainties on your graph you may want to include uncertainty bars or boxes. These can be used if a gradient is required to work out the maximum and minimum possible answers.

Conclusion and Evaluation

· Give a valid and relevant conclusion based on the correct interpretation of your results.

Explain what your results show and (if you did one) make sure that this relates to your original research question. E.g. Since zinc is more reactive than copper, it s able to displace it from a solution of copper sulfate. This experiment successfully proves that if the mass of zinc is doubled, then the mass of copper produced also doubles. This is because one atom of zinc will displace one atom of copper when it reacts and bonds with the sulfate. 

If appropriate, relate your answer to your initial hypothesis. E.g. This proves my original hypothesis that the mass of zinc is directly proportional to the mass of copper.

Compare your results to literature values obtained from a text-book, from the bottle or box of chemical, or from your teacher. Work out how close as a percentage your values agree. Comment on to what extent your results agree. 

If you calculate some theoretical values in your hypothesis, then you could also compare your answer to these. If you have drawn a graph then including a theoretical line may be a good way of doing this.

· Evaluate the errors and limitations in your experiment.

Consider human, chemical and equipment errors and limitations.

If your answer is above the literature or theoretical values then try to specifically explain in your errors why this might be. If it is below then do likewise.

E.g. My masses of copper are consistently 10% above the theoretical values. The reasons for this could be that the copper oxidized in air whilst drying. This will increase it’s mass and also explains why it became darker in colour. Perhaps the copper was not completely dry and so the mass was increased due to the water present. Some of the copper sulfate crystallized on the filter paper and so this contributed to an increase in mass. 

· Suggest relevant improvements and modifications that can produce more accurate and reliable results.

Although you can suggest to improve accuracy with more repeats and to improve reliability with more independent values, try also to be specific and make these relevant to the errors and limitations previously discussed.

E.g. Dry the copper for a longer period sealed with a dehumidifying agent and in the absence of air, to make the copper drier and also to ensure that it isn’t oxidized. Use better quality filter paper that allows more of the copper sulfate to pass through without crystallizing. Carry out a control experiment by passing copper sulfate through the filter paper and drying it. Calculate by how much the mass of the filter paper changes and subtract this value from each of the answers.
