Stoichiometry: Predicting Amounts in Reactions

Stoichiometry is the process of determining how much product is made or how much reactant is
needed during a chemical reaction. As we know, in chemical reactions atoms are conserved.
We show this in a balanced chemical equation.

The balanced chemical equation tells us two things:
1. Which substances begin with (reactants) and end with (products) during the

rearrangement process.
2. The ratio of particles involved. This ratio can be seen either as a ratio of individual

particles OR as a ratio of moles.

In the lab it is only practical to work with moles of substances rather than individual atoms or
molecules, and so we interpret our equations as a ratio of moles, or a mole ratio.

Example: 2 Mg + 10, — 2 Mg0O  means
for every 2 moles of Mg burned, I mole of O, is required to produce 2 moles of MgQ, or a ratio
of 2 moles Mg . 1 mole O, . 2 moles MgO

We can use this mole ratio relationship to make predictions about how much we need of
something, or how much we can make from what we have.

Making Predictions .
In every reaction, there are three stages we need to consider to make good predictions:

1. Before: What we have before the reaction takes place.
2. Change: How much of each substance actually changes during the reaction
3. After: How much of each substance is present after the reaction is complete.

Some good organization can help us in making good predictions. We have an organizational
table that can help us track the Before-Change-After for a reaction. Below is an example of a
problem involving a chemical reaction.

Sample Problem: Hydrogen sulfide gas, which smells like rotten eggs, burns in air to
produce sulfur dioxide and water. How many moles of oxygen gas would be needed to
completely burn 2.4 moles of hydrogen sulfide?

Step 1- Write and Balance the equation (describe the reaction and its mole ratio)
2H,S +30;,—»280;, + 2H,0
Before:

Change

After
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Step 2: Fill in the Before line with the Given information; mark what you must Find on the

table (with units)
2H,S + 30, - 2S0, + 2H,0

Before: 2.4moles  xs moles 0 moles 0 moles
Change ___moles
After

NOTE: Assume reactants you don’t have amounts for are present with more than enough
available (excess, or “xs”) for the reaction to be completed.

Step 3: Use ratio of coefficients to determine the Change made
2H,S +30; > 2S0;, + 2H,0

Before: 2.4moles xsmoles O moles 0 moles

Change: -2.4moles —3.6 moles +2.4 moles +2.4 moles

After

NOTE: Reactants are consumed/decrease (-), products accumulate/increase (+)

Step 4: Complete the table for what remains After the reaction is complete
2H,S + 30, » 250, + 2H,0

Before: 2.4 moles xsmoles O moles 0 moles
Change:  —2.4 moles —3.6 moles +2.4 moles +2.4 moles
After: 0 moles  xs moles 2.4 moles 2.4 moles

e In this case, desired answer is in moles
Answer (in moles): 3.6 moles O, are needed to burn 2.4 moles H,S. .

o If mass is required, convert moles to grams in the usual way
3.6moles Oy * 32 grams = 115 grams O '
1 mole
Answer (in grams): 115 grams O, are needed to burn 2.4 moles H,S.
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Name

Date _pd

Unit 7 Worksheet 1: Mole relationships

For each of the problems below:

a. Write the balanced chemical equation

b. Identify what is given (with units) and what you want to find (with units)
c. Use coefficients from balanced equation to determine mole ratio.

d. Show set up (organize it!).

. Hydrogen sulfide gas, which smells like rotten eggs, burns in air to produce sulfur

dioxide and water. How many moles of oxygen gas would be needed to completely
burn 8 moles of hydrogen sulfide?

Equation: —HoSey + __ O —»__ SOg¢) + — Ho0g,
Before: - _ _

Change

After _ . -

. Propane, C3Hg, burns in air to form carbon dioxide and water. If 12 moles of carbon

dioxide are formed, how many moles of propane were burned?
Equation:
Before:

Change

After

. Ammonia, NH3, for fertilizer is made by causing hydrogen and nitrogen to react at

high temperature and pressure. How many moles of ammonia can be made from

- 0.15 moles of nitrogen gas?

Equation:
Before:

Change

After
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4. The poison gas phosgene, COCl2, reacts with water in the lungs to form

hydrochloric acid and carbon dioxide. How many moles of hydrochloric acid would
be formed by 0.835 moles of phosgene?

Equation:
Before:

Change

After

Iron metal and oxygen combine to form the magnetic oxide of iron, Fe304. How

many moles of iron can be converted to magnetite by 8.80 moles of pure oxygen?
(make your BCA table)

How many moles of iron oxide would be produced?

The recipe for Coca-Cola Classic is a closely guarded secret. Researchers outside the
company believe the flavoring mixture, known as “7X”, contains oils of orange, lemon,
nutmeg, cinnamon, and coriander. The original mixture also contained caffeine, vanilla,
caramel, lime juice, sugar or artificial sweetener, and citric acid.

Over the years, the recipe has changed. For example, the original recipe contained citric
acid but this was combined with phosphoric acid to cut production costs. Corn syrup
replaced sugar for the same reason.

CgH1oN4O2 + 4 HsPOs + 6 CO: + other ingredients > CsHsCO:K + other products

caffeine phosphoric acid potassium benzoate

To produce 1000 cans of Coca-Cola Classic, 40g (0.21 moles) of caffeine are reacted with
phosphoric acid and other ingredients. How many moles of phosphoric acid are required?
How many moles of carbon dioxide are required?
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Mole Ratios

1. Lead will react with hydrochloric acid to produce lead chloride and
hydrogen gas. How many moles of hydrochloric acid are needed to
completely react with 4.0 mole of lead?

Equation:

Before:

Change

After

2. How many moles of hydrogen gas will be produced if 2.5 moles of
calcium hydride react according to the following equation?

CaH9 + 2H920 —» Ca(OH)2 + 2H9
Before:

Change

After

3. How many moles of water will be produced if 0.45 mol of oxygen
reacts according to the following equation?

2CeHe + 1509 - 12C09 + 6 HoO?
Before:

Change

After
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