"CHEMISTRY REVIEW" PROJECT PAGES

This Project Page first appeared in the March 1996 issue of Chemistry Review, Volume 5, Number 4, Pages 28 and 29. Chemistry Review is published four times during the academic year by Philip Allan Updates and is a journal for post-16 students. It contains a variety of interesting and colourful articles aimed at 16-19 year-olds taking mainly AS and A2 courses in chemistry.

NOTE: Project Page is designed to help you think about your investigation. It is not intended to be a set of instructions for practical work and does not include a list of safety precautions. CHEMISTRY REVIEW accepts no responsibility if Project Page is used in any way as a set of instructions.

Making light of project work
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	A few compounds exhibit the unusual property of emitting appreciable quantities of visible light during a chemical reaction – a spectacular phenomenon known as chemiluminescence. One such compound is luminol (3-aminobenzene-1,2 dicarboxylhydrazide):
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Project work involving lurninol provides many opportunities for fascinating investigations which demonstrate important chemical ideas. The compound is commercially available and although it initially appears expensive, its purchase is perhaps justified since only small amounts are required for each experiment. Alternatively, you could synthesise lurninol from benzene-l,2-dicarboxylic anhydride -a reaction sequence that provides you with some interesting opportunities.

Synthesis of luminol

For those of you who enjoy organic practical work, the preparation of luminol offers a multistage synthesis involving some A-level chemistry, i.e. the nitration of a benzene ring and subsequent reduction of the nitro group to an amine. Nitration of the ring results in the formation of isomers:

[image: image3.wmf]O

O

O

C

O

O

H

C

O

O

H

N

O

2

C

O

O

H

C

O

O

H

O

2

N

(

b

)

(

c

)


This provides you with the opportunity to develop such practical skills as the separation of isomers by recrystallisation and subsequent characterisation by melting point determination – techniques discussed previously in The Lab Page, in earlier issues of CHEMISTRY REVIEW.

In addition to the formation of luminol (a) from the 3-nitro isomer (b), you may find it interesting to produce the 4-amino isomer of luminol (d) from the 4-nitro compound (c):
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An investigation could then be carried out to discover the extent to which this isomer is chemiluminescent when compared with luminol.

Observing chemiluminescence

The production of chemiluminescence, by means of the oxidation of luminol, has many advantages. The reaction may be carried out in dilute aqueous alkaline solution (containing approximately 0.1 g of luminol per dm3 of water with 0.01 dm3 of 5% sodium hydroxide). In addition, it requires mild and easily accessible oxidants (for example, 3% hydrogen peroxide) and readily available catalysts such as potassium hexacyanoferrate(Ill).

An interesting investigation you could try would be to vary the pH of the solution and determine the range in which luminol emits light with maximum efficiency and the range in which no chemiluminescence occurs. Similarly, you could see whether the bright blue, short- lived emission of light obtained in the presence of iron is affected in any way by replacing the potassium hexacyano- ferrate(IlI) with solutions of other transition metal salts.

A chemiluminescent indicator

Acid-alkali titrations are common at A-level and require indicators to reveal when a reaction has reached a certain stage. An indicator, which shows different colours at various pHs, is used to highlight when the end-point of a reaction is reached. However, in project work in which the acid content of, for example, coloured fruit juices, vinegars or wines is to be determined the normal indicator dyes would not be appropriate. Here luminol can be used (in the presence of hydrogen peroxide and a catalyst) as an indicator as it shows chemiluminescence only above a certain pH. It may also be possible for you to use luminol as a redox indicator, since many common oxidising agents cause the compound to emit blue light in alkaline solution.

Electrochemiluminescence

Although the oxidation of luminol in alkaline solution may be achieved using a variety of chemical oxidising agents, perhaps less well-known is that luminol exhibits luminescence in the presence of base, and oxygen generated at electrode surfaces during electrolysis. This electro-oxidation is captivating, not least since varying the electrode potential affords chemiluminescence in a. strictly controllable fashion.

If you wished to try this, you could set up an electrolysis cell containing a stirrer bar, 0.1 M sodium hydroxide solution and a small quantity of luminol. Increasing the voltage slowly from 0-3 V DC should enable you to discover the voltage at which chemiluminescence is observed. Does the luminescence at the anode or the cathode? Does the brightness vary with the curvature of the electrode?

Project tips

	•
	You will need a fully darkened room to  see the effect properly.

	•
	Some general background inforn on chemiluminescence (“cold light”) be found in CHEMISTRY REVIEW, Vol. 2, No. 4, pp. 21-23.

	•
	Details concerning the synthesis of luminol and its use as a chemiluminescent indicator can be found in School Science Review, Vol. 54, No 188, pp. 524-527 and Vol. 68, No. 242 pp 81-85, respectively.

	•
	Luminescence occurs during electrolysis when various electrode materials are used (e.g. copper, iron, platinum and carbon). However, when carbon is used, its surface becomes rough and powdering occurs, eventually resulting in an unwanted black suspension.


Take care and have fun!

John Sleigh

Dr John Sleigh teaches chemistry at Solihull Sixth Form College.

This page is free for your personal use, but the copyright remains with Philip Allan Updates. Please do not copy it or disseminate it in any way.

Chemistry Review is indebted to Don Ainley, who has helped to prepare this article for the Web.
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