[image: image1.png]



Science in Motion

Juniata College

   

How does a Candle Burn?
Standards: 
3.1.4E, 3.2.7A, 3.2.10A, 3.2.10B, 3.2.7C, 3.4.7A, 3.8.7B, 3.8.10B
Introduction and background: 
"I propose to bring before you, in the course of these lectures, the Chemical History of a Candle.  There is not a law under which any part of this universe is governed which does not come into play and is touched upon by these phenomena.  There is no better, there is no more open door by which you can enter the study of natural philosophy than by considering the physical phenomena of a candle."
--Lecture 1

So began the first of six lectures on the "Chemical History of a Candle" given by Michael Faraday starting in December of 1834.  They were part of a series of Juvenile or "Christmas" lectures, so-called because they were given for young people during their Christmas holidays.  It was Faraday’s way of repaying the society which had given him the opportunity to do the one thing he had always dreamed of doing:  studying science.  Having been born poor, he had to rely on the generosity of affluent people to realize this dream; he did not want others to suffer the same limitation.  In this particular set of lectures, Faraday attempted to unlock the secrets of the deceptively simple process of the burning of a candle to his eager audience, much as you will attempt to put together the pieces of this puzzle in the experiment that follows.
What great mysteries lie hidden within the mesmerizing flicker of the candle flame?  Considering that man's involvement in the area of chemistry probably began with the first caveman who learned how to make use of the chemical reaction known as fire, you might think that this question would have been accurately answered long centuries ago.  However, chemistry was slow to develop as a true science:  First, there were the philosophical wonderings of the ancient Greeks; then there were the (sometimes misguided) experiments performed by the medieval alchemists.  It wasn't until the eighteenth century that modern chemistry – chemistry as we know it today – had its true beginnings.  It was late in that century that a remarkable Frenchman, Antoine Lavoisier, happened onto the chemistry scene.
Lavoisier is considered the "Father of Chemistry" and part of the reason he has received this distinction is that he was one of the pioneers in the use of a formal approach – i.e. the Scientific Method – to solve chemistry problems.  One of the problems upon which he applied this approach was the question of how things burned.  At the time Lavoisier tackled this problem, an explanation already existed for this mystery:  The Phlogiston Theory.  Considering you probably never heard of this, it is a good bet that this model did not stand up to the scrutiny of Lavoisier's scientific investigation.  It didn't and Lavoisier replaced it with an explanation that is still accepted today.  The goal of this experiment is to give you the opportunity to unravel this mystery yourself and, hopefully in the process, gain an appreciation for what Faraday meant by his opening remarks to Lecture 1 and for the power of the Scientific Method.
Guiding questions: How does a candle burn?
Vocabulary: 

Combustion Reaction – an exothermic reaction between a fuel and an oxidant. Usually results in the production of a flame.
Materials:  

1 wax candle

5 wooden splints

1 ball of string

1 match box or packet

1 watch glass

1 test tube

1 box of flat toothpicks

1 metal spatula/scoopula

1 test tube tong

3 sheets of paper 

1 stirring rod

2 wire mesh squares

150 or 250 mL beaker


1 crystallizing dish

limewater solution

125 mL Erlenmeyer flask with stopper

1 glass bend

Community Needs:  digital scales, charcoal starter fluid

Safety: Safety goggles must be worn at all times
Procedure: READ ALL DIRECTIONS FOR EACH EXPERIMENT BEFORE PERFORMING. If you are unsure of equipment names, ask the teacher and he/she will clarify.
1. Obtain a candle and a pack of matches. Determine the mass of the candle, remove it from the balance. Record mass and any other observations about the unlit candle.
2. Experiment 1: Light the candle. What changes take place in the wick and wax as the candle begins to burn? Allow the candle to burn undisturbed for a couple minutes, during which time you should make as many observations as possible about the candle, changes in its physical appearance and the role of each of its components in the combustion process.
3. Experiment 2: After the candle has been burning for a couple of minutes, extinguish the flame, and place the candle on a balance without losing any of the wax. Re-determine its mass and compare this value to the one obtained in step 1.
4. Experiment 3: Re-light the candle. Bring an unlit match to within a couple of centimeters of the top of the candle flame and hold it there for several seconds. What happens?
5. Experiment 4: Drip some wax from the base of the candle flame onto your lab station until you have a small pool of it. Observe the appearance of the candle flame now that you have poured off this pool of wax compared to before you poured it off. Next, light a wooden splint and use it to try to light the pool of candle wax on your lab station. What happens?
6. Experiment 5: Break a toothpick in half and insert one of the halves into the pool of wax you created in the last experiment. Use a match to light the toothpick and compare how this improvised candle burns with respect to how the regular candle burns.
7. Experiment 6: Place a piece of string about 4 cm. long on a watch glass or glass square. Light it and observe how it burns compared to how a candle wick burns. Next, take another piece of string and drip wax from your burning candle onto it to coat the string completely. Use a wooden splint to light the wax-coated string and compare how it burns to the string alone.
8. Experiment 7: Use extreme caution when performing this next procedure! Place a few milliliters of charcoal starter fluid in a small beaker. Obtain a new piece of string that is cut to be a couple centimeters longer than the height of the beaker. Place one end of the string in the starter fluid and let the other end of the string hang over the edge of the beaker. Allow the string to set for a minute or two and then light the end that is hanging over the edge of the beaker. Compare what you observe to the results in experiment 6. Once you have made your observations, use a watch glass to smother any flames that may exist. 
9. Experiment 8: Blow out the flame of your candle with a small, quick puff so as not to create turbulent air currents. Notice a trail of smoke that continues to rise from the wick until the last spark of ember dies out. Relight the candle and have a burning wooden splint ready to go. Once again blow out the candle, but this time place the burning splint in the smoke trail and observe what happens. Repeat two or three times.
10. Carefully clean your beaker. Make sure there is absolutely no lighter fluid in the beaker.
11. Experiment 9: Procure a solid metal spatula. Move it over the top of the candle flame so that the bottom surface is perpendicular to the flame. Quickly lower the spatula until it is just a centimeter or so above the wick. Leave it there for several seconds. Pull it out of the flame, turn it over and examine the pattern/appearance of the black residue. What information does this provide about the processes going on inside the flame?
12. Experiment 10: Obtain a glass bend, test tube holder and small test tube. Using the test tube holders to grasp the glass bend, move the glass into the flame of the candle directly above the wick. If you have positioned the bend properly, you should observe a thick cloud of vapor traveling through the glass and coming out the far opening; adjust the position of the bend to achieve this result. Bring a lighted match up to the vapor as it escapes the far opening; what happens? Now place the small test tube at that opening and collect the vapor to condense; scratch the walls of the test tube where this condensation appears with a stirring rod. What does the vapor seem to be?
13. Experiment 11: Procure a wire-mesh square. Hold it over top the candle flame and slowly lower it down onto the flame. When you have lowered the wire mesh to approximately the midway point of the candle’s height, hold it there for several seconds and observe. Then, lower it until it is right on top of the wick and the flame appears to go out. Hold it there for several seconds, make observations, then lift it straight up and note what happens.
14. Experiment 12: Obtain a second wire-mesh square. Raise the first wire-mesh square until it is centered at about the midway point of the flame. Slowly bring the second square down until it is right on top of the first square; then, begin raising the second square until it is several centimeters above the first square (hold the first square steady). Bring a burning wooden splint into the region above the second wire mesh in a direct line with the candle flame. What do you see?
15. Experiment 13: Procure a 150mL or 250mL beaker (one that will completely cover your candle). MAKE SURE THAT THE BEAKER IS CLEAN AND FREE OF LIGHTER FLUID. Obtain a glass crystallizing dish and fill it to about ¼ its depth with water. Place your candle in the middle of the water in your crystallizing dish. After the candle holds a steady flame, cover it with the beaker and observe. Repeat as necessary to more precisely determine the sequence of events that occur in this insightful procedure.
16. Experiment 14: Procure a 125mL Erlenmeyer flask and stopper to fit it. Invert the un-stoppered flask and lower it down onto the candle until the opening is just above the tip of the flame. Keep it there for 30 seconds or more, stopper it and set it right-side up. Pour a few milliliters of fresh limewater solution into the flask and then quickly re-stopper it. Shake the limewater in the flask and note any changes.
Questions: Discuss student observations and conclusions about how a candle burns.
Credits: Brett Criswell, Chemistry Education, Kennesaw State University
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