September 9, 2014
Experiment 1. Determination of the Composition of an Alloy

Introduction: 

[bookmark: _GoBack]Aluminum is the most abundant metallic element in the Earth’s crust, thus it is found in many of our everyday uses, such as kitchen utensils, industrial applications and even electrical transmission lines. It is rarely found in its free nature because of its soft and weak qualities and its ability to react quickly. As a result, it is commonly combined with other elements including copper, magnesium, tin, manganese and silicon, making an alloy so it can be sturdier. 

In this experiment, the amount of zinc and aluminum present in an alloy will be determined. To make this determination, the reactions between metals and acids must be looked at beforehand. Hydrogen gas is liberated when a metal reacts with a strong acid. In this case, when aluminum reacts spontaneously with hydrochloric acid, hydrogen gas and a solution of salt of the metal is produced. The following is the reaction between aluminum and hydrochloric acid:

Al(s) + 3 HCl (aq) → AlCl3 (aq) + H2 (g) ↑			[1]
The amount of hydrogen gas and the amount of metal that was reacted are directly proportional to each other. Thus, the stoichiometry of the reaction indicates the relationship between the amount of moles of metal reacted and the amount of moles of hydrogen produced. Looking at the equation above, it can be seen that for every mole of aluminum reacted, 3/2 of a mole of hydrogen gas is liberated. This reaction can also be written as the net ionic equation since it is taking place in an aqueous medium:

Al(s) + 3 H+ (aq) → Al3+ (aq) +  H2 (g) ↑			[2]
Zinc also reacts with hydrochloric acid in a similar manner as aluminum and its ionic net equation can be shown as,

Zn(s) + 2 H+ (aq) → Zn2+ (aq) + H2 (g) ↑			[3]
demonstrating that for every mole of zinc reacted; one mole of hydrogen gas is produced. 
The amount of metal can be determined using the stoichiometry in the equation, when the number of moles of hydrogen released is measured. The number of moles of hydrogen gas produced can be calculated using the Ideal Gas Law:

PV = nRT							[4]

In an alloy, when there are two metals involved, the amount of hydrogen gas liberated must equal the total amount of hydrogen produced by each metal. Therefore, the following equation would be used:

nhydrogen total = nhydrogen, zinc + nhydrogen, aluminum		[5]
However, from equations [2] and [3], we can see that the number of moles of hydrogen gas produced from aluminum is 3/2 times the number of moles of aluminum. It does not have a one to one ratio like the reaction with zinc, so it can be rewritten as:
nhydrogen total = nzinc +  naluminum				[6]
 The equation above will leave us with two unknowns, the masses of zinc and aluminum, and it is impossible to solve. Fortunately, there is one other equation that relates these two unknowns:
mtotal of alloy = mzinc in alloy + maluminum in alloy			[7]
There are now two equations with two unknowns, and the system of equations can be solved using any method of choice. In addition, to determine the percent composition of the alloy, the following equation can be used:
% Composition =  x 100%		[8]
One last point to consider is the pressure of gas inside and outside of the tube, as hydrogen gas is being collected over the water. The total pressure of gas, according to Dalton’s Law, is equal to the partial pressure of the hydrogen plus the partial pressure of the water vapour:
Pinside = Phydrogen + Pwater vapour					[9]
The pressure inside the tube must equal the pressure outside of the tube and the pressure outside the tube is
Poutside = Patmospheric - Pwater column				[10]
In order to find the pressure exerted by the water column, the following equation must be used:
Pwater column = dgh  ; 					        	  [11]where d is density of water, g is acceleration due to gravity and h is height of water column




The hydrogen pressure can be calculated by combining equations [10] and [11]:
Phydrogen = Patmospheric - Pwater column - Pwater vapour		[12]

Reference: http://scifun.chem.wisc.edu/chemweek/aluminum/aluminum.html, Bassam Z. Shakhashiri, Chemical of the Week.  

Procedure: As described in the lab manual (Determination of the Composition of an Alloy. Dr. Rashmi Venkateswaran, 2014, Exp. 1, p. 7)
