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Did you know?

The first written acknowledgement of chemiluminescent reactions was made by Aristotle (384-322 BC) who noted weak emission from some dead fungi and fish.

Introduction:

Chemiluminescence is the process in which energy from a chemical reaction is released directly as light without the involvement of heat or flame.  Chemiluminescence is not similar to fluorescence (neon signs), phosphorescence (glow in the dark toys), or incandescence (light bulbs), but most similar to bioluminescence. The most common example of this process is the bioluminescence of the firefly.
The firefly is, by far, the most efficient example of a bioluminescent system discovered to date.  It approaches a theoretical limit by producing 88 photons of light for each 100 molecules of reactant yielding an astonishing 88% efficiency rate!  Modern research into chemiluminescence has led to discoveries of dozens of light-producing chemical reactions, but most of them are only about 1% efficient. To give you another example, a light bulb is only about 10% efficient at converting electrical energy to light with the rest of the energy producing heat.  

Applications of Chemiluminescence

· Pharmaceutical Industry (analysis and quality control) 

· Clinical Science 

· Alumina Industry 

· Forensics (luminol is also used in crime scene analysis, whereby it helps identify dried blood by reacting with it and fluorescing)
· Detecting the photoactivity of water through its H2O2 Concentration. 

· Detecting Nitric Oxide in the breath of Asthma Patients. 

· HPLC (High Performance Liquid Chromatography) 

Glow Products:

The main importance of chemiluminescence is in the fact that it is a cold system. Energy in the form of light is produced directly from the chemical reaction without first going through an intermediate stage involving heat. Chemiluminescent glow products never heat up, are not a source of ignition, and are non flammable. This is why modern science wished to copy the firefly!  Glow products have an abundance of uses as a cold, portable, light source and are an excellent source of safe fun.  See the link provided below for more information on glowsticks.

Luminol Glow Light  (Adapted from Flinn Scientific, Inc.)

Turn out the lights and watch as two cold chemical solutions are mixed together to produce a glowing iridescent blue color.  The solution will actually glow in the dark.
Materials:  (all chemicals can be purchased at Flinn Scientific, Inc.)
Luminol (an organic compound), 0.05 g

*1.0 mol/L Sodium hydroxide solution 

(*Dissolve 4 g NaOH in enough distilled water to make 100 mL of solution)
**Sodium hypochlorite, 0.5%, 100 mL 

(**Dilute 10 mL of sodium hypochlorite solution, 5% available chlorine, to 100 mL with distilled water; or  dilute laundry bleach 1:10 with distilled water.)
100 mL Graduated cylinder

2-250 mL beakers

500 mL beaker

Ice bath (Large enough to hold both solutions

Balance
Procedure: (An alternate procedure is listed at the end of this document)
Safety Precautions:  Luminol/sodium hydroxide solution is corrosive; skin burns are possible; very dangerous to eyes.  Sodium hypochlorite is also corrosive; causes skin burns; reacts with acid to evolve chlorine gas; evolves chlorine when heated; toxic by ingestion; avoid contact with organic material.
1. Mass out 0.05 g of luminol and add it to 100 mL of the sodium hydroxide solution.

2. Chill both the sodium hypochlorite solution and the luminol/sodium hydroxide solution in an ice bath.  The solutions should be as cold as the ice bath (0oC) used.  This will produce a longer reaction.
3. Measure out 100 mL of each of the solutions into separate beakers.

4. Darken the room.  The room should be almost pitch black to view the reaction.

5. At the same time, but gradually, pour the two solutions together into a 500 mL beaker.

6. Observe the blue glow-in-the-dark solution.

7. Once the glowing has ceased, rinse the solution down the rain with excess water.

Tips:
1.  The colder the solutions, the slower the reaction and the longer lasting the chemiluminescence.

2. The chemiluminescence lasts only a few minutes and is best seen in a very dark room.

3. Optional:  Coil a piece of clear plastic tubing around a tall graduated cylinder (500 mL), taping it in place.  Place a funnel at the top and gradually add the two solutions simultaneously.  The solutions move down through the coiled tube and can be collected in a beaker where they continue to glow.   Or, set up as shown below:
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Discussion:

Chemical energy is converted into light.  The sodium hypochlorite solution acts an oxidizing agent to convert luminol to an excited-state product.  The decay of the excited-state product to the ground state occurs with the emission of light.
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3-Aminophthalate* (3-APA*)




A sensible mechanism of the reaction (shown above) is as follows:  The base removes the nitrogen protons leaving a negative charge which moves onto the carbonyl oxygen to form what is known as an enolate (a charged version of the keto-enol tautomerisation). The oxygen next performs a cyclic addition to the two (previously) carbonyl carbons.  Nitrogen is an excellent leaving group because its own bonds are so strong (and as a gas, it is entropically favoured too) so the charge on the oxygen atoms come back down to form carboxylate anions by expelling nitrogen gas. This leaves 3-APA.

An important point to take note of is the formation of the cyclic peroxide which converts directly to 3-APA. Chemiluminescent reactions often involve the cleavage of an organic peroxide because this bond is particularly weak and there is much energy to be gained by cleavage and subsequent reorganisation of bonds. This works with the leaving group effect of the nitrogen (above) to form a particularly efficient reaction.

This sequence of events has been confirmed by using radiolabelled 18O in the oxygen source which was incorporated into the product as predicted.
Questions:

1. The solutions are chilled to 0oC prior to the reaction.  Explain how the reaction might differ in terms of rate and intensity if the solutions were left at room temperature.

2. Describe the similarities and differences (in terms of functional groups) between the starting reactant luminol and the product 3-APA. 

3. Chemical energy can be converted into other forms of energy.  What form of energy has been produced by the chemicals in this demonstration?
4. Try the demonstration at various temperatures and time the reaction.  Have students compare the rates at the different temperatures.

5. Try the alternate Luminol experiment below (which is done at room temperature) and have students compare the two methods in terms of rate and intensity of the reaction. 
Another Luminol Glow Light Experiment:  

A similar experiment that produces the same blue glow is described below, but with the use of different chemicals:


By combining a luminescent solution with an oxidizing solution, a bright blue light source is created. To make the luminescent solution, combine:

	4 g sodium carbonate
0.2 g luminol
24.0 g sodium bicarbonate
0.5 g ammonium carbonate
0.4 g copper (II) sulfate pentahydrate
1 L distilled water.
Mix to dissolve. 




For the oxidizing solution, dilute 50 mL of 3% hydrogen peroxide to 1 L.

Mix about 200ml of each of the two solutions in an Erlenmeyer flask or, let the students mix small quantities of each solution at their own desks, and watch for the cool blue glow! 

This experiment uses luminol as the fluorescer, which is a slightly different system than the chemical system used inside a typical glow light product, but the principle is the same. 
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Chemiluminescence Video Clips:


� HYPERLINK "http://www.shsu.edu/~chm_tgc/chemilumdir/chemiluminescence2.html" �http://www.shsu.edu/~chm_tgc/chemilumdir/chemiluminescence2.html�


How lightsticks work:


� HYPERLINK "http://chemistry.about.com/od/howthingsworkfaqs/a/howlightsticks.htm" �http://chemistry.about.com/od/howthingsworkfaqs/a/howlightsticks.htm�


Phosphorescence and Fluorescence (for comparison to chemiluminescence):


� HYPERLINK "http://chemistry.about.com/od/imagesclipartstructures/ig/Fluorescence---Phosphorescence/" �http://chemistry.about.com/od/imagesclipartstructures/ig/Fluorescence---Phosphorescence/�

















