Stoichiometry

Stoichiometry is the method of accounting for ______________ and _______________ in a chemical reaction

-  we know how to balance chemical reactions, but this assumes the reaction happens once

-  with stoichiometry, we are typically given only one piece of information, and our goal is to go through a series of steps relating the compounds in a reaction


-  note:  we don’t need a reaction, but it is often helpful since it gives a __________________________

All stoichiometry problems come down to moles, and involve the ratio of the coefficients of the chemicals
-  this is known as the ____________  ______________, and it can be expressed in terms of ANY chemical species in the equation

Ex
Find all possible mole ratios in the following equation. Hint: balance the equation first.
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Mole → Mole Problems

-  problems where number of moles of one species are used to determine the number of moles of another

-  the flow of calculations is simple:

Ex
How many moles of oxygen are required to make 7.0mol of water by the reaction:


[image: image2.wmf](

)

(

)

(

)

222

HgOgHOg

+¾¾®


Ex
Calculate the number of moles of white phosphorus (P4) required to completely react 3.0 moles of chlorine gas to produce PCl3 without any excess.
Mass → Mole Problems
-  problems where number of moles of one species are used to determine the mass of another

-  the flow of calculations is:

-  notice that this starts as a mole-mole problem


-  we just need to convert our result to grams using _______________  _____________

Ex
Given the unbalanced reaction of Europium with hydrofluoric acid:
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how many moles of Europium are required to produce 9.0g EuF3 by this reaction?

Mole → Mass Problems

-  problems where mass of one species is used to determine the number of moles of another

-  the flow of calculations is:

-  this is the same as a mole-mole problem, but we need to start by converting to moles
Ex
How many grams of sulfur, as the allotrope S8, must be used to react with chromium to produce 

1.5mol of Cr2S3?

Mass – Mass Problems

-  problems where mass of one species is used to determine the mass of another

-  the most common type of problem, in practical application

-  the flow of calculations is:

-  again, it comes down to mole-mole

-  we first need to convert to moles, then solve, then back convert to moles in a whole other substance!
Ex
The reusable booster rockets of the US space shuttle use a mixture of excess aluminum and ammonium perchlorate (NH4ClO4).  A possible equation for this reaction is:
Al(s) +         NH4ClO4(s)   →        Al2O3(s) +       AlCl3(s)  +      NO(g) +        H2O(g)

How many grams of Al2O3 is produced in a model engine containing 120.g NH4ClO4?

Percent Yield

-  not all reactions actually go to completion

-  most often, only a percentage of the theoretical amount is produced

-  percent yield may also be used as a known quantity to predict the amount needed for a desired output:

Ex
The thermite reaction produces an enormous amount of energy, enough to produce liquid 
iron in 
the product!  The equation for this reaction is:

  Al (s)   +       Fe2O3 (s)  →        Al2O3 (s)   +        Fe (l)

a)
How many grams of Al2O3 will we produce with 41kg of Fe2O3 and an excess of Al?

b)
In actuality, only 10.2kg Al2O3 are found to be produced.  What is the percent yield?
Limiting Reactant (or reagent)

-  in some reactions, one reactant is completely used up before the other


-  this is known as the limiting reactant, since it limits how much can be produced

-  it is entirely based on ____________ and the ___________  _____________

Ex
How much NH3 can we make using 4mol of H2 and 5mol of N2?  What is the limiting reactant?  

What is left over? Draw pictures to represent this reaction, including the excess reactant.
Stoichiometry

Stoichiometry is the method of accounting for MASS and MOLES in a chemical reaction

-  we know how to balance chemical reactions, but this assumes the reaction happens once

-  with stoichiometry, we are typically given only one piece of information, and our goal is to go through a series of steps relating the compounds in a reaction

-  note:  we don’t need a reaction, but it is often helpful since it gives a RATIO
All stoichiometry problems come down to moles, and involve the ratio of the coefficients

-  this is known as the mole ratio, and it can be expressed in terms of ANY chemical species in the equation

Ex
Find all possible mole ratios in the following equation. 
Hint: balance the equation first.
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*Any of these could have been written as their reciprocals as well

Mole → Mole Problems

-  problems where number of moles of one species are used to determine the number of moles of another

-  the flow of calculations is simple:
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Ex
How many moles of oxygen are required to make 7.0mol of water by the reaction:
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Start with what’s given. Then use the coefficients from the equation to cancel what is given, and get what is unknown.
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Ex
Calculate the number of moles of white phosphorus (P4) required to completely react 3.0 moles of chlorine gas to produce PCl3 without any excess.

First write a reaction, then balance the equation.
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Start with what’s given. Then use the coefficients from the equation to cancel what is given, and get what is unknown.
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We also could have solved for mow much phosphorus trichloride we made. To do this, change your mole ratio 
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Mole → Mass Problems

-  problems where number of moles of one species are used to determine the mass of another

-  the flow of calculations is:
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-  notice that this starts as a mole-mole problem


-  we just need to convert our result to grams using molar mass

Ex
How many grams of sulfur, as the allotrope S8, must be used to react with chromium to produce 1.5mol of Cr2S3?

First write a reaction, then balance the equation.
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Start with what’s given. Then use the coefficients from the equation to cancel what is given, and get what is unknown.
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We’re not done! Now we need to convert this to grams. We’ll need a molar mass for S8:
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Now solve for mass.
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Mass → Mole Problems

-  problems where mass of one species is used to determine the number of moles of another

-  the flow of calculations is:


[image: image17.wmf]molarmassmoleratio

massAmolAmolB

¾¾¾¾®¾¾¾¾®


-  this is the same as a mole-mole problem, but we need to start by converting to moles

Ex
Given the unbalanced reaction of Europium with hydrofluoric acid:
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how many moles of Europium are required to produce 9.0g EuF3 by this reaction?

We need to convert this to moles. We’ll need a molar mass for EuF3 first:
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Use what’s given to find moles.

[image: image20.wmf]33

1

9.0043

209

mol

gEuFmolEuF

g

´=


We’re not done! Use the coefficients from the equation to cancel what is given, and get what is unknown. Now 
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