Chemistry 11

Chapter 4 – The MOLE

Atomic Masses and Avogadro’s Hypothesis

Experimental work by the English chemist John Dalton (1766-1844) was concerned with how much of one element could combine with a given amount of another element.  He suggested the following hypotheses:

· Molecules are made up of “atoms” of various elements

· If compound B contains twice the mass of element X as does compound A, then compound B must contain twice as many atoms as X

· Simple compounds are made up of only one atom of the two elements making up the compound  (Dalton was aware that this hypothesis might be quite wrong but he had no way of knowing how many atoms were actually contained in a compound)

Dalton did not attempt to figure out the mass of an individual atom of any element.  Instead he simply assigned an arbitrary mass to each element, assuming that hydrogen was the lightest element and therefore could be assigned a mass of “1”.  Since his experiments found that C was 6 times heavier than H, C was assigned a mass of 6.  Similarly, O was 16 times heavier than H and was assigned a mass of “16”.  In this way, Dalton was able to calculate “relative masses” for several different elements.

Example:
The reaction between 2.74 g of hydrogen gas and 97.26 g of chlorine gas makes 100 g of hydrogen chloride.  Assuming hydrogen chloride contains one atom each of hydrogen and chlorine, the chlorine atom is

Exercise:

1. Assume a chemist working in 1810 (Mr. Pong – you’re THAT old?) tries to duplicate some of Dalton’s results, published a year or two earlier, and obtains the following results (expressed in modern mass unit, grams)

11.1 g of hydrogen gas react with 88.9 g of oxygen gas

46.7 g of nitrogen gas react with 53.3 g of oxygen gas

42.9 g of carbon react with 57.1 g of oxygen gas

Assuming a mass of “1” for hydrogen, calculate the relative masses of oxygen, nitrogen and carbon.  (Don’t be surprised if the values you calculate are not what you would expect from the periodic table.  Not all the molecules produced in reactions involve 1:1 combinations of atoms, which was a problem plaguing early chemists for many years.

Dalton’s atomic mass scale was partly in error because not all of the molecules he studied actually contained only one atom of each element.  For example, it was now known that a molecule of hydrogen contains two atoms. Dalton’s mass scale was just being introduced when the French chemist Joseph Gay-Lussac began to study how gases reacted.  

Gay-Lussac reacted pairs of gases at the same temperature and pressure and found the following results:


1 L of hydrogen gas reacts with 1 L of chlorine gas to make 2 L of HCl(g)

1 L of nitrogen gas reacts with 3 L of hydrogen gas to make 2 L of NH3(g)

2 L of carbon monoxide gas react with 1 L of oxygen gas to make 2 L of CO2(g)
By itself, Gay-Lussac’s data did not seem to be related to the puzzle of how to determine atomic masses.  But the Italian chemist Amadeo Avogadro proposed the following explanation for Gay-Lussac’s data:

Avogadro’s Hypothesis:  Equal volumes of different gases, at the same 

temperature and pressure, contain the same number of particles.

In other words, if 1 L of gas A reacts with 1 L of gas B, then there are exactly as many particles of A present as B.  Therefore, the molecule formed by reacting A with B has one atom of A for every one atom of B, and the formula of the product molecule is AB.

Similarly, if 2 L of gas A reacts with 1 L of gas B then there will be TWICE as many atoms of A as of B, so that 2 atoms of A will combine with 1 atom of B to form A2B.

Exercise:

2. If 1.0 L of nitrogen gas reacts with 3.0 L of chlorine gas when both gases are at the same temperature and pressure, how many chlorine molecules are present for every nitrogen molecule in the reaction?  Suggest a formula for the compound formed and name the compound.

3. Experimentally, it is found that 1.5 L of gaseous sulphur react with 3.0 L of gaseous oxygen at the same temperature and pressure.  Suggest a possible formula and name of the compound formed.

4. At room temperature and pressure, 250 mL of chlorine gas reacted completely with 750 mL of flourine gas. Suggest a possible formula and name of the compound formed in the reaction.

5. (Challenge – well, kinda) If 1.0 L of unknown gas X contains 3.0 x 1023 molecules at a certain temperature and pressure, how many molecules are present in 5.0 L of oxygen gas at the same temperature and pressure?

