Stoichiometry 4
Reactants, Products, and the Mole Ratio —
Perfect Together

INFORMATION
Consider the following balanced chemical equation representing an acid-base neutralization reaction:
H,SO,4 @aq T 2 NaOH (aq) - Na,SOq (aq) t 2 H,O

The coefficients in the reaction denote the integer molar quantities required for this reaction to go to
completion (all reactants are consumed and converted to products). In this reaction, for each mole of
acid put into the reaction, 2 moles of base are required consume it all. The resulting products will be 1
mole of salt and 2 moles of water.

The ratio of how much of one substance in a reaction is required to produce or consume another
substance in the reaction is called the mole ratio. For example, the mole ratio of sodium hydroxide to
sodium sulfate is 2:1. or 2/1.

The mole ratio can be used to “convert” one substance in an equation to another using dimensional
analysis (sometimes called “factor-label” — see the POGIL entitled Basic Skills Supplement —
Converting Units).

Typically, a quantity of substance is given in grams, with the intention of determining the quantity of
one of the other reactants or products in the reaction. The given quantity of substance can then be
converted from grams to moles, then to moles of the other substance, and then to grams (or any other
appropriate unit of measure).

For example, for the acid-base neutralization above, imagine that a quantity of 20.0 grams of NaOH is
given, and it is desired to determine how much sodium sulfate can be produced it all of the NaOH is
consumed. The setup for the conversion would appear like this:

(Z0.0g NaOHj( 1 mol NaOH )(1 mol Na,SO, ](142.0g Na, SO,

=35.5g Na,S0O,
1 40.0g NaOH )\ 2 mol NaOH )\ 1mol Na,SO,

This technique can be used for conversion from any substance in an equation to any other substance in
an equation — the third term, the mole ratio term, is the critical component of this technique.

A properly written, balanced equation is required for the mole ratio to be correct.

The starting and ending units of measure can be arbitrary, as long as it is possible to convert those units

to moles for the purpose of converting around the mole ratio term. Particles, liters of gas at STP, and
moles are all viable as starting or ending units.
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Key Questions

1. Without using numbers, explain the significance if the mole ratio term works out to 1/1 for any given
stoichiometry exercise.

2. For equation given above, write the complete mole ratio term for a) sulfuric acid/sodium hydroxide,
b) sulfuric acid/water, c) sodium hydroxide/sodium sulfate.

3. In grammatically correct English, write a series of steps explaining how to carry out a simple
stoichiometric calculation.

Exercises

1. Given the following equation: C4H;¢ + O, = CO, + H,0, show what the following molar ratios
should be:

a. C4H10 / 02
b. O,/CO,

C. 02 / HQO

d. C4H;o/CO;
c. C4H10 / Hzo

2. Given the following equation: potassium chlorate decomposes to form potassium chloride and
oxygen gas, how many moles of O, can be produced by letting 12.00 moles of KCIO5 react?

3. Given the following equation: K + Cl, = KCI, how many grams of KCI can be produced from 2.50
g of potassium? How many grams of KCl is formed from 1.00 g of Cl,?

4. Given the following equation: sodium oxide and water combine to for sodium hydroxide, how many
grams of NaOH are produced from 1.20 x 10? grams of Na,0? How many grams of Na,O are
required to produce 1.60 x 10* grams of NaOH?

5. Given the following equation: Fe + Sg = FeS, what mass of iron is needed to react with 16.0 grams
of sulfur? How many grams of FeS are produced?

6. Given the following equation: plumbous nitrate and potassium iodide react to form potassium nitrate

and plumbous iodide, how many grams of potassium iodide are required to generate 12.00 moles of
potassium nitrate? How many grams of plumbous iodide will be generated in the same reaction?
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