HONR 210 - Medicine: E Meets W

Fall 1734

Lab 2:  Phlogiston Theory

Introduction

Phlogiston theory, one of the greatest theories devised, is the explanation for the amazing process of burning, the explanation for which has eluded some of the great minds of the past.  But myself, Georg Ernst Stahl, (1660-1734) the originator of the term phlogison, and my great Swedish compatriot, Johann Joachim Becher, have made great intellectual strides in understanding this most mysterious of processes.

You may be familiar with the ideas of the Greeks and of the alchemists:  that matter is composed of earth, air, fire, and water.  We have made progress in understanding matter and have developed more modern notions.  We have determined that matter is made of three components, which I will now list in Latin followed parenthetically with the more modern nomenclature:

· terra pinguis (sulfur), the basis of inflammability;

· terra mercurialis (mercury), the basis of fluidity; and

· terra lapida (salt), the basis of inertness."

“I now have demonstrable grounds to say, first: Toward fire, this sulfur principle behaves in such a manner that it is not only suitable for the movement of fire but is also one and the same being, yes, even created and designed for it. But also, according to a reasonable manner of speaking, it is the corporeal fire, the essential fire material, the true basis of fire movement in all inflammable compounds….. From all these various conditions, therefore, I have believed that it should be given a name, as the first, unique, basic, inflammable principle. But since it cannot, until this hour, be found by itself, outside of all compounds and unions with other materials, and so there are no grounds or basis for giving a descriptive name based on properties, I have felt that it is most fitting to name it from its general action, which it customarily shows in all its compounds. And therefore I have chosen the Greek name phlogiston, in German, brennlich. ..." 

If it would not cause you great discomfort, let me review my theory with you.  That, which can burn (i.e. that which is inflammable), must contain this wondrous of all substances, phlogison.  On combustion, phlogiston is released from the combusting object, departing into the atmosphere, leaving behind a calx or residue.  That which can not burn can not have phlogiston.  Air, in which combustion occurs, must contain little or no phlogiston, which allows the phlogiston from the combusting object to flow into its great volume.  How simple yet wonderful a theory!

Alas, some people are now starting to question our beliefs.  These renegades look for deficiencies in our theory, but we are certain it will stand the test of time.  It has been told to us that you are one of those who wish to do experiments using the new methods of science to investigate our theory.  I say pursue your ideas!   We will be vindicated! I am told that you are setting up two different combustion experiments.  You will combust magnium (discovered by Davy, 1808 or possibly by Joseph Black 1755), which I believe you call magnesium.  You will also combust wood splints.  Observe carefully, my friends, so you may observe the properties of this amazing substance.  

It has also been told to me that you will not only observe these reactions with your eyes, but will also use modern balances to take the mass of the starting material and the ending calx.  Don't let these measurements delude you into a state of disbelief.  Our theory can accommodate unexpected findings!
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1.
Do this part of the experiment IN THE HOOD.  Place a clean crucible and cover on a clay triangle that has been set on an iron ring as shown in Figure Place the tip of the inner flame at the bottom of the empty crucible and heat strongly for 2 minutes.  The crucible and cover may be set on a heat-resistant pad to cool.  This will take several minutes.  (Hot objects must not be placed on the weighing pan and cannot be weighed accurately.)  After several minutes, check to see that the crucible has cooled to room temperature.  Weigh the cooled crucible and cover as accurately as possible and record it in your lab handout.

2.
Obtain a length of magnesium ribbon provided by your instructor.  Clean it with a dry paper towel to remove moisture and oil that may have gotten on it from handling.  (Your instructor may also have you clean the magnesium ribbon with sandpaper to remove any oxide coating the surface of the ribbon.)  Wind the ribbon to form a loose coil and place in the bottom of the crucible;  replace the cover.  Weigh the ribbon, crucible and cover as accurately as you can.  Record this mass in your handout.

3. Place the crucible, ribbon and cover back on the clay triangle.  Cover the crucible and heat for about five minutes.  The magnesium will begin to react with the oxygen in the air.  Set the cover ajar.  When the magnesium ribbon begins to smoke or bursts into flame, place the cover over the crucible using your tongs.  Avoid looking directly at the bright flame of the burning magnesium.  Open up the crucible by setting the cover ajar again.  Continue this process until the magnesium no longer produces smoke or glows brightly.  Set the cover ajar and heat strongly for 10 minutes.  Then let the crucible and its contents cool.  Record all of your observations.  Place the crucible, cover and contents on a heat-resistant pad and let cool.  Weigh the cooled crucible, cover and contents as accurately as you can.  Record this mass in your lab handout.

4. Repeat this experiment with new crucibles and with wood splints provided to you.

Data:

Magnesium (Mg):

Weight of cooled crucible with cover:  
  _______

Weight of cooled crucible, cover, and Mg  
  _______

Weight of cooled crucible, cover, and Mg after combustion:  
  _______

Wood:

Weight of cooled crucible with cover:  
  _______

Weight of cooled crucible, cover, and wood  
  _______

Weight of cooled crucible, cover, and wood after combustion:  
  _______

Conclusions:

I am very certain that the results of your carefully, analytical experiment will support our theory.  Our theory is simple, but elegant.  

Predictions using Phlogiston theory relevant to this experiment

Actual observations 

Do your experiments results support or refute Phlogiston theory?
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