Unit 4 - Avogadro’s Hypothesis

Avogadro built on the work of Gay-Lussac who first noted that gases reacted in simple integer volume ratios (when measured at the same temperature and pressure).  Gay-Lussac concluded that this result could be explained if the volumes contained the same number of particles.  Chemists found this hypothesis difficult to accept because they reasoned, for example, that if the particles of the gases were combining, then one volume of gas A reacting with one volume of gas B should produce one volume of product.  

However, it was frequently found that one volume of gas A reacted with one volume of gas B to produce two volumes of product.  Chemists, including Gay-Lussac, were unable to account for this behavior of gases.

Avogadro reasoned that these results could be explained if Gay-Lussac’s particles were actually combinations of smaller particles (which we now call “atoms”). He introduced the use of the term “molecule” to refer to these combinations of smaller particles. “Molecule” comes from “mole” – lumps of matter and “cula” – little.  A molecule is a little lump of matter.  His hypothesis was consistent with the view that gas pressure is caused by the collisions of molecules with the side of the container.  If the pressure is the same, then it seems reasonable that the number of molecules in the container is the same.

In addition to the ammonia and hydrogen chloride example combining in a one to one ratio, he found that a number of gases combined in such a way that could only be accounted for if the individual molecules were diatomic. The diagram below shows how one volume of hydrogen reacts with one volume of chlorine to produce two volumes of hydrogen chloride.  Making the assumption that the gases are diatomic neatly accounts for the experimental evidence.
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Suppose that these gases were not diatomic.  Combine the atoms of hydrogen and chlorine to make hydrogen chloride.  Why is this representation inconsistent with Avogadro’s hypothesis?
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Of course, Avogadro did not base his hypotheses about number of molecules in a volume and the diatomic nature of molecules on just a couple examples. He cited the results of many experiments.  Still, the scientific community was not able to accept the validity of his hypothesis until many years after his death.

Using his hypothesis, chemists were able to deduce the formulas of gaseous substances based on combining volumes.  The use of this hypothesis was also instrumental in determining the molar mass of elements.

Consider the case of two colorless gases, nitric oxide and oxygen gas, reacting to form two volumes of a reddish-brown gas.
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Sketch the product molecules in the two containers after the reaction arrow.  Explain how were you able to deduce the formula of these molecules.

Two volumes of hydrogen gas combine with one volume of oxygen gas to form two volumes of water vapor.  Sketch the product molecules in the containers at the right. 
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Dalton insisted until his death that the formula of water was OH.  Why do we believe that the correct formula for water is H2O?  

Why must oxygen gas be diatomic?
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