TAP 313 - 6: Polarimetry
Use a polarimeter to measure the rotation of the plane of polarisation for some sugar solutions, and hence explain how polarimetry can be used to measure sugar concentration

Apparatus

· sugar solutions

· polarimeter (simple type)

· power supply

· leads (2)

· ruler

· felt-tip pen

· optional: samples of golden syrup and clear honey
Switch on the lamp beneath the polarimeter and then, with the containing tube in place, but empty, rotate the top Polaroid (the analyser) until the view through the instrument is as dark as possible. Note the position of the analyser on the scale. Pour a sugar solution into the tube to a depth of 10 cm and replace it in the instrument. There may be a black tube or cover to place over this sample tube to increase contrast. Look through the analyser and rotate it in a clockwise direction until the view is again as dark as possible. (It sometimes appears dark blue at this stage.) Note the new position of the analyser. The position of maximum darkness is not usually very definite.

Record the range of angles over which the darkness appears greatest.

Repeat for solutions of various concentrations, including at least one unknown concentration.

Record you results in a suitable table, and calculate the rotation angle for each solution together with its uncertainty.

Plot a calibration graph, complete with error bars, to show how the rotation angle varies with concentration.

Use your graph to determine the concentration of your unknown solution(s).

If you have a little spare time you could also note the effect of changing the depth of solution. Try 5 cm and 2.5 cm.

Practical advice

In order to show the general idea of polarimetry, you might like to show students what happens when sugar solution is placed between crossed Polaroids before they embark on the work of this section. During this part of the teaching unit, you might like to show the video `Polarisation of Light' (see details below).

Although the student activity will show that the rotation is directly proportional to the concentration, more accurate measurements show that this is not exactly the case. The rotation is also dependent on temperature and, to a slight extent, on the solvent used.

Professional polarimeters usually use sodium light, with a wavelength of 589 nm. The student instrument may be slightly improved by placing a filter between the bulb and the polariser, or by using light from a sodium lamp.

Typical results are shown in below. A positive angle denotes a clockwise rotation, i.e. a dextrorotatory material, and a negative angle denotes rotation in the opposite sense. A demonstration with honey and syrup illustrates the two senses of rotation.
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Technician’s notes

The video `Polarization of Light' may be shown in this teaching unit. It is available from:

Classroom Video, Unit 2, Northavon Business Centre, Dean Road, Yate, Bristol BS37 5NH

Phone: 01454 324222, Fax: 01454 325222, e-mail: orders@classroomvideo.co.uk
Web: http://www.classroomvideo.com/Home/default.aspx
Use commercial granulated sugar and distilled water to make up the following solutions, labelled as indicated:

25 g sugar in 100 ml water, labelled `20% by mass'

50 g sugar in 100 ml water, labelled `33% by mass'

75 g sugar in 100 ml water, labelled 43% by mass'

37.5 g sugar in 100 ml water, labelled `solution A'

62.5 g sugar in 100 ml water, labelled `solution B'

The distilled water should be labelled `0% by mass'.

The solutions should ideally be made up the day before and left so that they are all at room temperature.

Your chemistry department might have a polarimeter that you can borrow; check before buying one, as they are expensive. Details of how to make a simple polarimeter are given in the Revised Nuffield Advanced Chemistry Teachers' Guide 2, pp. 203-205, ISBN. 0582353637.

Depending on the type of polarimeter available, some screening from direct light may be required. Some models do this by having the container within a sealed box, others provide a cover, yet others have nothing at all.

If using honey and syrup, pour them into the polarimeter tubes the night before, to allow time for air bubbles to escape.

External reference

This activity is taken from Salters Horners Advanced Physics, section GETE, activity 21

