Molar Stoichiometry

Moles of Solutes

In a heterogeneous mixture the components are present as entities much larger than molecules, and thus in principle a heterogeneous mixture can be separated by a manual selection of one type of particle. A homogeneous mixture which cannot be separated into its components by direct physical selection is called a solution; the selection would have to operate at a molecular level because individual molecules or ions are the form in which the solute is present. Solutions can, however, be separated into their component substances by other physical or chemical methods. For example, a salt water solution can be separated into its two components by boiling the water off and recondensing it elsewhere. Many of the procedures developed by alchemists and early chemists for the preparation of pure substances, such as distillation and recrystallization, were methods of separating the component substances of naturally occurring solutions. 

Solutions may be solids, liquids, or gases. Bronze and brass are solid solutions of metals in each other, usually called alloys. The fillings of teeth are liquid or solid solutions of gold or silver in mercury which are called amalgams. The air we breathe is a more or less homogeneous solution of gases in each other. Sea water is a more or less homogeneous solution of salts in water. 

Most of the solutions encountered in nature are solutions which are liquid, at least at the temperatures and pressures at which we will study them. The component or components present in largest quantity in such solutions is called the solvent, and in liquid solutions the pure solvent component is almost always a liquid. The other components are called solutes. Solutes are said to dissolve in the solvent to form the solution. 

Chemical reactions often take place in solutions. A solution is a homogeneous mixture of one major component, the solvent, and at least one minor component, a solute. For nearly all reactions which take place in solution, the solvent does not react; the reaction takes place between solutes which react when two solutions are mixed. The stoichiometry of these reactions can be treated just as the stoichiometry of reactions which take place between pure substances. The moles which are significant in solution reactions, however, are those of the solutes. The moles of solvent, which are often present in great excess, are usually not directly involved in the reaction. The number of moles of a solute can be calculated from the quantity and composition of the solution. 

Composition of Solutions: Molarity

The molar concentration of a solute is by definition the quotient of the amount of solute substance present, in moles, and the volume of solution present, in litres (dm3). The molar concentration is usually known as the molarity and symbolized by M. The general concentration symbol, c, which normally carries the general meaning of amount of solute substance divided by volume, will in this text also carry the specific meaning that the amount of solute substance will be measured in moles and the volume will be measured in litres (dm3). Another alternative commonly used, and which we shall follow, is to include the species whose molar concentration is being indicated in square brackets, as [CO32-]. This alternative is helpful when equations which contain the molar concentrations of several different substances must be written. 

The volume used in calculations of concentration, molar or otherwise, is the total volume in which the solute is distributed, which is the volume of the solution. Except for extremely dilute solutions, which contain almost nothing but solvent, the volume of the solution is equal neither to the volume of the solvent nor to the sum of the volume of the solvent and the volume of the solute. This is particularly important in the case of aqueous solutions, since at 4oC the mass of 1.0 dm3 of water is almost exactly 1.0 kg. Even at considerably higher temperatures the volume occupied by 1.0 kg of water is approximately 1.0 dm3 (Table). It might be thought that the molality and molarity of aqueous solutions would be the same. They are only approximately the same even for dilute solutions and considerably less so for concentrated solutions. 

Making up a molal solution requires adding preweighed quantities; making up a solution of known molar concentration requires use of a mixing container in which the volume contained can be measured after the solute has dissolved in the solvent. Such a container is called a volumetric flask. Molarity is used more often than molality in the laboratory because the accurate measurement of volume is easier than is the accurate measurement of mass. Solution concentrations on the basis of molarity are used very extensively in chemistry. It is useful to remember that a solution which contains 1.0 mol of solute/dm3 of solution is exactly the same as one which contains 1.0 mmol of solute/cm3 of solution or 1.0 kmol of solute/m3 of solution. 

The most common method of preparing a solution of known molar concentration is to weigh out an appropriate mass of solute, place it in a volumetric flask, and dilute to the mark with dissolution of the solute. The solute must dissolve before the final amount of the solvent is added, since the volume change on dissolution is not known. This procedure for preparing a molar solution can only be used when the pure solute is in an easily weighable form. 

Example. Appropriate instructions for the preparation of 500 cm3 of 0.375 molar aqueous sodium acetate solution can be derived as follows. The molar mass of CH3COONa, sodium acetate, is 82.0245 g/mol. The mass of sodium acetate required would be (0.375 mol/dm3)(82.0245 g/mol)(0.500 dm3) g, which is 30.759 g. The procedure is then to place this mass in a 500 cm3 volumetric flask and add water to prepare the solution, with dissolution of the sodium acetate. 

The simplest way to prepare a solution of known molarity is by dilution of a previously prepared solution of greater molar concentration. The preparation requires calculation of the amount of solvent to be added to a solution to prepare the desired solution. 

Example. An aqueous solution which is 0.50 molar is available and 1.00 dm3 of 0.10 molar aqueous solution of the solute is required. Such a solution can be prepared as follows. 

The amount of solute in 1.00 dm3 of 0.10 molar aqueous solution is 0.100 mol. This amount of solute would be contained in 0.100 mol/(0.50 mol/dm3) = 0.2 dm3. The appropriate procedure would then be to take 200 cm3 of the original solution and dilute to 1000 cm3 with the solvent, water. 

Mole to Mole Stoichiometry Problem

mole to mole means given the moles of one component in a chemical reaction determine the moles of another component in the same reaction. 

For example: 

Given the Haber Process: N2 + 3 H2 ---> 2 NH3 

How many moles of NH3 could be produced if 4 moles of N2 were reacted with enough Hydrogen. 

Here is the sequence of steps one would take. 

1. Check to see if the chemical equation is balanced 

2. Determine the mole relationship between the given component (N2) and the requested component (NH3) 

According to the balanced equation: 1 mole N2 = 2 moles of NH3 produced 

Note: This mole relationship was gotten by considering the coefficients of the given and requested components. That is why it is so very important to have the equation balanced. 

One can formulate two conversion factors (ratios) from the above mole relationship: 

1 mole N2 / 2 moles NH3 or 2 moles NH3 / 1 mole N2 

3. Convert given moles of N2 to moles of requested NH3 

Choose the conversion factor from step 2 that will cancel the given unit (moles of N2) when multiplied by the given component (moles N2) 

4 moles N2 X 2 moles NH3 / 1 mole N2 = ? moles NH3 produced 

Notice that the moles of N2 units will cancel and the moles of NH3 are the only uncanceled unit. 

Stoichiometric Calculations: Mole to Mole Calculations 
When we balance an equation it is important to think if it in terms of atoms of each element. For example, in a simple reaction between hydrogen and oxygen to make water, the equation we get is 

                           2 H2   +   O2   ------->  2 H2O 
which can mean 

            2 molecules of H2   +   1 molecules of O2   -------->   2 molecules of H2O 

However, when we use a balanced equaiton to plan how much of each reactant to use in an actual experiment, we have to shift our thinking to huge collections of molecules - to moles. The shift from molecules to moles is done by taking advantage of a simple rule from mathematics. Multiplying a set of numbers, such as the coefficients, by any constant number does not alter the ratios among the members of the set.  If we select Avogadro's number as the multiplier then we get lab-sized units of each chemical. 

  2  X (6.02 X 1023 molecules) of  H2  +   1 X (6.02 X 1023 molecules) of O2   --------> 
                                               2 X (6.02 X 1023 molecules) of H2O 
The essential 2:1:2 ratio has not been changed by this multiplication. But the scale of the reaction has shifted to the mole level. 

                2 moles of H2   +  1 moles of O2   -------->  2 moles of H2O 

The ratio of moles of molecules is identical to the ratio of molecules - it has to be, since equal numbers of moles have equal numbers of molecules. 

The ratio of the coefficients for any given chemical reaction is set by nature. You cannot change this ratio.  It is set when you write the formulae correctly and then balance the equation properly.  Once this is done the coefficient numbers can be used as the basis for chemical calculations.  The decision that is left for us is the scale of the reaction - how much do we want to use or make?  The number of options is infinite.  We could have 

         0.02 moles of H2   +   0.01  moles of O2   -------->   0.02 moles of H2O 
or 
        1.36 moles of H2   +   0.68 moles of O2   -------->   1.36 moles of H2O 
or 
        88 moles of H2   +   44 moles of O2   -------->   88 moles of H2O 

In every case, the relative mole quantities of H2 to O2 to H2O are 2:1:2.  We could say that 2 moles of H2, 1 mole of O2, and 2 moles of H2O are equivalent to each other in this reaction.  This does not mean that one chemical can actually substitute for any other chemical.  It does mean that a specific mole quantity of one substance requires the presence of a specific mole quantity of each of the other substance in accordance with the ratio of coefficients. 

Mole to mole calculations: 
This is an example of how to do mole to mole type problems: 
Two atoms of sulphur react with three molecules of oxygen to form two molecules of sulphur trioxide, which is an air pollutant. 

                            2 S  +  3 O2   ------->  2 SO3 

How many moles of sulphur react in this way with 9 moles of O2? 
Solution: From the balanced equation you can see that  2 S react with 3 O2 
Set up your ratio like this:    2 S  =   3 O2 
                                            x       9 moles 

Cross multiply to get    2 * 9 moles = 3 * x 

                                   x = (2 * 9 moles) / 3 = 6 moles 

Therefore if 9 moles of oxygen are reacted then 6 moles of S must also be present. 
Note that the unit "moles" was carried through the calculation. 

Mole to Mole Stoichiometric Calculations 
  
	1. 
	A chemist describes a particular experiment in this way: "0.0400 mol of H2O2 decomposed into 0.0400 mol of H2O and 0.0200 mol of O2." Express the chemistry of this reaction by a conventional equation.

	2.
	The octane present in gasoline burns according to the following equation:

	
	                     2 C8H18 + 25 O2 ---------> 16 CO2 + 18 H2O

	
	
(a) How many moles of O2 are needed to react fully with 4 moles of octane?

	
	(b) How many moles of CO2 can form from 1 mole of octane?

	
	(c) How many moles of water are produced by the combustion of 6 moles of octane?

	
	(d) If this reaction is to be used to synthesize 8 mole of CO2, how many moles of oxygen are needed? How many moles of octane?

	3.
	The alcohol in "gasohol" burns according to the following equation.

	
	                    C2H6O + 3 O2 --------> 2 CO2 + 3 H2O

	
	(a) If 25 moles of ethyl alcohol burns this way, how many moles of oxygen are needed?

	
	(b) If 30 moles of oxygen is consumed by this reaction, how many moles of alcohol are used up? How many moles of carbon dioxide are formed?

	
	(c) In one test, 23 moles of carbon dioxide was produced by this reaction. How many moles of oxygen were consumed?

	
	(d) In another test, 41 moles of water is collected from this reaction. How many moles of alcohol had been consumed? How many moles of oxygen were used up? How many moles of CO2 also formed?

	4.
	One way to change iron ore, Fe2O3, into metallic iron is to heat it together with hydrogen.

	
	              Fe2O3 + 3 H2 -----------> 2 Fe + 3 H2O

	
	(a) How many moles of iron are made from 25 moles of Fe2O3?

	
	(b) How many moles of hydrogen are needed to make 30 moles of Fe?

	5.
	The Solvay process is used to make sodium carbonate, Na2CO3, a chemical that ranked 11th among all chemicals in annual production in 1986. The process begins with the passing of ammonia and carbon dioxide through a solution of sodium chloride. This makes sodium bicarbonate and ammonium chloride:

	
	             H2O + NaCl + NH3 + CO2 ---------> NH4Cl + NaHCO3

	
	How many moles of sodium bicarbonate could, in theory, be made from 100 moles of NaCl?

	6.
	How many moles of iron, Fe, can be made from Fe2O3 by the use of 18 moles of carbon monoxide, CO, in the following reaction?

	
	              Fe2O3 + 3 CO -----------> 2 Fe + 3 CO2

	7.
	How many moles of H2O are produced when 6 moles of O2 is consumed in burning methyl alcohol, CH3OH, according to the following equation?

	
	                2 CH3OH + 3 O2 ----------> 2 CO2 + 4 H2O

	8. 
	Solution of iron(III) chloride, FeCl3, are used in photoengraving and to make ink. This compound can be made by the following reaction.

	
	                  2 Fe + 3 Cl2 ---------> 2 FeCl3

	
	(a) How many moles of FeCl3 form from 24 moles of Cl2?

	
	(b) How many moles of Fe are needed to combine with 24 moles of Cl2 by this reaction?

	
	(c) If 0.5000 mole of Fe is to be used by this reaction, how many moles of Cl2 are needed and how many moles of FeCl3 form?

	9.
	How many moles of nitric acid, HNO3, are needed to react with 2.56 moles of Cu in the following reaction?

	
	           3 Cu + 8 HNO3 ----------> 3 Cu(NO3)2 + 2 NO + H2O

	10.
	How many moles of carbon dioxide are produced by burning 1.50 moles of C2H5OH?

	11.
	The questions below refer to the equation:

	
	    3 Cu(s) + 8 HNO3(aq) ---------> 3 Cu(NO3)2(aq) + 2 NO(g) + 4 H2O(l)

	
	a) How many moles of NO are produced by the reaction of 4.0 moles of copper with excess HNO3?

	
	b) How many moles of HNO3 are required to react completely with 5.0 moles of copper?

	
	c) How many moles of NO are produced by the reaction of 6.35 grams of Cu with excess HNO3?

	12.    
	Ammonia is produced synthetically by the reaction:

	
	              N2(g) + 3 H2(g) ---------> 2 NH3(g) + 92.05 kJ

	
	Assume the reaction is complete and answer these questions:

	
	a) Is this an exothermic or endothermic process?

	
	b) How many moles of NH3 are formed when one mole of N2 reacts with excess hydrogen?

	
	c) If 18.0 x 1023 molecules of H2 react with sufficient nitrogen, how many moles of NH3 are produced?

	
	d) When 0.1 mole of N2 combines with 0.3 moles of H2, how many moles of NH3 are produced?


Stoichiometry Worksheet

1. Given the following equation: 2 KClO3 ---> 2 KCl + 3 O2
How many moles of O2 can be produced by letting 12.00 moles of KClO3 react?

2. Given the following equation: 2 NaClO3 ---> 2 NaCl + 3 O2
12.00 moles of NaClO3 will produce how many moles of O2? How many moles of NaCl are produced when 2.50 moles  of O2 are produced?

3. Given the following equation: Cu + 2 AgNO3 ---> Cu(NO3)2 + 2 Ag

How many moles of Cu are needed to react with 3.50 moles of AgNO3

4. Given the reaction: 4 NH3 (g) + 5 O2 (g) ---> 4 NO (g) + 6 H2O (l)

When 1.20 mole of ammonia reacts, the total number of moles of products formed is:

a. 1.20 
b. 1.50 
c. 1.80 
d. 3.00 
e. 12.0

