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Unit Review:
Stoichiometry & Chemical Analysis
Interpreting Chemical Reaction Equations 
· The recipe for one banana split is: 


If you have 2 bananas, 7 scoops of ice cream, 1 scoop of nuts and 3 shots of whip cream, you can only make ____ banana split since you do not have enough _______________.  

· The reactant in any chemical equation that is completely consumed, meaning the reaction stops when this reactant is used up, is called the ________________ _______________.

· Reactant entities that are present in greater amounts than needed are called ________________ _______________.
Eg. 

· Stoichiometry involves the calculation of _____________ of substances in chemical reactions. 

· The balanced chemical equations can be used to calculate amounts of reactants and products in terms of grams, moles, particles and volumes.

· There are four major assumptions that are normally made for reactions.  These are:

1) Reactions are ___________________.

· Reactions will occur when the reactants are mixed.

· You will learn later how to predict when this will happen.

2) Reactions are ___________.

· For a reaction to be useful in a laboratory or industrial setting, the reaction must occur in a reasonable amount of time.

· See Figure 9 Page 280.

3) Reactions are _________________.

-A quantitative reaction is one that is more than 99% complete; in other words, at least one reactant is completely used up or the reaction goes to completion.

4) Reactions are ___________________.

· There is a simple whole number ratio of reactants and products.  In other words, the coefficients of a balanced chemical reaction do not change when the reaction is repeated several times.

The basic approach in calculating all stoichiometry questions:
Practice Questions – Gravimetric
1.
Calculate the mass of iron(III) oxide (rust) produced by the reaction of 500 g of iron with oxygen from the air.

2.
What mass of precipitate should form if 2.00 g of silver nitrate in solution is reacted with excess sodium sulfide solution?

3.
Determine the mass of water vapour formed when 1.00 g of butane, C4H10(g), is burned in a lighter.

4.
Silver metal can be recovered from waste silver nitrate solutions by reaction with copper metal. What mass of silver can be obtained using 50 g of copper?

 GAS STOICHIOMETRY

· Gas stoichiometry uses gas volume, pressure, temperature, molar volume and the ideal gas law (PV=nRT).

· Remember molar volume VSTP= 


VSATP=
· Use the SAME approach as gravimetric stoichiometry
Examples:

If 300g of propane burns in a gas barbeque, what volume of oxygen at SATP is required for the reaction?


Calculate the volume of ammonia gas that is produced from the reaction an excess of H2(g) with 5.5L of nitrogen gas at 50°C and 350 kPa.

What mass of nitrogen monoxide would be obtained from the reaction of 2.31 kL of nitrogen and excess oxygen at SATP?
Practice Exercises –GAS
Complete the following stoichiometric problems. Communicate your problem-solving approach using internationally accepted symbols for elements, quantities, numbers, and units.

1. 
The first step in the industrial manufacture of sulfuric acid is the complete combustion of octasulfur, S8(s). What mass of octasulfur is required to produce 112 L of sulfur dioxide at STP?

2. 
Coal can undergo an incomplete combustion in the absence of a plentiful supply of air to produce deadly carbon monoxide gas. What volume of carbon monoxide is produced at SATP by the incomplete combustion of 150 kg of coal?

3. 
The first recorded observation of hydrogen gas was made by the famous alchemist Paracelsus when he added iron to sulfuric acid. Calculate the volume of hydrogen gas at STP produced by adding 10.0 g of iron to an excess of sulfuric acid.

4. 
Ammonia reacts with sulfuric acid to form the important fertilizer, ammonium sulfate. What mass of ammonium sulfate can be produced from 75.0 kL of ammonia at 10 °C and 110 kPa?

SOLUTION STOICHIOMETRY
· For solution stoichiometry, we use molar concentration (C) and volume (v) instead of molar mass (M) and mass (m) to calculate moles.

Examples:

What volume of 14.8mol/L NH3(aq) is needed for the ammonia to completely react with 1.00ML of 12.9 mol/L H3PO4(aq) to produce fertilizer? (NH4)2HPO4(aq)
When 100g of zinc are added to 50.0mL of 2.00mol/L solution of sulfuric acid, what volume of hydrogen gas is produced at STP?

Practice Exercises - SOLUTIONS
Complete the following stoichiometric problems. Communicate your problem-solving approach using internationally accepted symbols for elements, quantities, numbers, and units.

1.
What is the amount concentration of a KOH(aq) solution if 12.8 mL of this solution is required to react with 25.0 mL of 0.110 mol/L H2SO4(aq)?

2.
What volume of 0.125 mol/L NaOH(aq) is required to react completely with 15.0 mL of 0.100 mol/L Al2(SO4)3(aq)?

3.
In a chemical analysis, a 10.0 mL sample of H3PO4(aq) was reacted with 18.2 mL of 
0.259 mol/L NaOH(aq). Calculate the amount concentration of the phosphoric acid.

4. The concentration of magnesium ions (assume magnesium chloride) in sea water was analyzed and found to be 50.0 mmol/L. What volume of 0.200 mol/L sodium hydroxide solution would be needed in an industrial process to precipitate all of the magnesium ions from 1.00 ML of sea water?
5.   An unlabelled white solid acid, H2X(s), is known to react in a 1:2 mole ratio with sodium hydroxide. In an attempt to identify the acid, a titration provides evidence that 12.5 mL of 0.300 mol/L NaOH(aq) reacts with 0.169 g of the acid. What is the molar mass of the acid?

LIMITING REAGENTS

· It is impossible to make more product if there is an insufficient amount of one (or more) of the reactants (reagents).

· Look back at banana split analogy & talk about bike frames & wheels

· Chemically speaking…Let’s look at the reaction of nitrogen and hydrogen to produce ammonia:

N2(g)     +     3H2(g)                         2NH3(g)

· Nitrogen and hydrogen react in the ratio of 3 hydrogen to 1 nitrogen.  What would happen if 3 moles of hydrogen were mixed with 2 moles of nitrogen? How much ammonia would be produced?

· When the reaction occurs, all of the hydrogen would be used up but only one mole of nitrogen would be used! One mole of nitrogen would be left behind, unused.

· In this case, the amount of hydrogen determined how much product was made. We say that hydrogen is the _____________ reagent and that the nitrogen was the __________ reagent since more of it was present than could be used.

· In calculations involving limiting reagents, it is necessary to determine which reactant is limiting since it is this that will determine the amount of product made or other reactant used up and what remains in excess.

· These questions will always provide us with two “known” amounts!

· Steps for limiting reagent problems:

STEP 1: recognize limiting reagent problems by the fact that quantities of both reactants are given

STEP 2: write a balanced chemical equation from the reaction

STEP 3: determine knowns and unknowns

STEP 4: find moles of both reactants

STEP 5: Divide each amount of moles by its’ coefficient.  The limiting reagent is the reactant that has the least amount of moles.
STEP 6: use the mole amount from the limiting reagent to calculate all other required quantities

NOTE: you can calculate the quantity of excess reagent by subtracting the amount that reacts from that of the given

Examples:

Hydrogen gas can be produced by the reaction of magnesium metal with hydrochloric acid.  What mass of hydrogen can be produced when 3.00g of magnesium metal is added to 4.00g of HCl(aq)?
Practice – LIMITING & EXCESS REACTIONS
Complete the following stoichiometric problems. Communicate your problem-solving approach using internationally accepted symbols for elements, quantities, numbers, and units.

1.
A 6.72 g sample of zinc was placed in 100.0 mL of 1.50 mol/L hydrochloric acid. After all reaction stops, how much zinc should remain?

2. What volume of hydrogen gas at STP will be produced when 100 g of aluminium is added to 4.00 L of 1.40 mol/L sulfuric acid?

TITRATIONS
· a titration is the “progressive transfer of a solution from a buret into a measured volume of sample solution”

· the solution in the buret is called the titrant
· the solution in the flask is called the standard solution
· a titration reaction is complete when its endpoint is achieved

· an endpoint is shown by using an indicator that causes a color change

· the measured quantity of titrant recorded when the endpoint occurs us called the equivalence point
· titrations are usually performed in many trials, where the trials that deviate the most from the others are omitted 

Example:

A 10.00 mL sample of a 0.236 mol/L sodium carbonate solution was titrated with a solution of hydrochloric acid.  The following results were obtained:

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Final Buret Reading
	49.8mL


	36.8 mL
	24.9 mL
	32.9 mL

	Initial Buret Reading
	36.8 mL


	24.9 mL
	12.9 mL
	20.8mL

	Volume of Acid Added
	
	
	
	


Calculate the concentration of the acid.

Practice exercises              Titrations

Answer on a separate sheet of paper. Show all your work (including a diagram)

1. In an experiment to determine the concentration of vinegar in a sample, the following procedure was followed.  Several 10.00mL samples of vinegar were titrated with a standard 0.202mol/L solution of NaOH(aq).Phenolphthalein indicator, which changes from colorless to pink at the endpoint of the reaction, is used.  The following data was collected.

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Final Buret Reading
	14.8mL
	26.9mL
	39.8mL
	13.6mL

	Initial Buret Reading
	0.7mL
	13.9mL
	26.9mL
	0.5mL

	Volume of NaOH
	
	
	
	

	Color of endpoint
	Dark pink
	Light pink
	Light pink
	Light pink


Calculate the concentration of vinegar.

2. Titration of 10.00mL samples of HCl(aq) with 0.974mol/L Ba(OH)2(aq) using bromothymol blue as an indicator

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Final Buret Reading
	15.6 mL
	29.3mL
	43.0mL
	14.8mL

	Initial Buret Reading
	0.6mL
	15.6mL
	29.3mL
	1.2mL

	Volume of Ba(OH)2
	
	
	
	

	Color of endpoint
	blue
	green
	green
	green


Calculate the concentration of HCl(aq)
Volumetric Stoichiometry – Titration exercises

Complete the Analysis section of each of the following lab results.

1. Problem – What is the molar concentration of an unknown sodium carbonate solution?

Evidence:
	Titration of of 25.0 mL of Na2CO3(aq) with 0.352 mol/L HCl (aq)

	Trial
	1
	2
	3
	4

	Final buret reading (mL)
	16.5
	31.8
	47.0
	16.4

	Initial buret reading (mL)
	0.6
	16.5
	31.8
	1.2

	Volume of HCl (aq) added (mL)
	
	
	
	


2. Problem – What is the molar concentration of a potassium hydroxide solution?

Evidence:
	Titration of of 10.0 mL of KOH(aq) with 0.150 mol/L H2SO4 (aq)

	Trial
	1
	2
	3
	4

	Final buret reading (mL)
	12.8
	25.3
	37.9
	-

	Initial buret reading (mL)
	0.2
	12.8
	25.3
	-

	Volume of H2SO​4 (aq) added (mL)
	
	
	
	


3. Problem – What is the molar concentration of a potassium permanganate solution?

Evidence:
	Titration of of 10.0 mL of acidified 0.100 mol/L FeSO4 (aq) with KMnO4 (aq)

	Trial
	1
	2
	3
	4

	Final buret reading (mL)
	11.3
	21.9
	32.5
	43.1

	Initial buret reading (mL)
	0.1
	11.3
	21.9
	32.5

	Volume of  KMnO4 (aq) added (mL)
	
	
	
	


Analysis: (use this reaction for your stoich)

10 FeSO4(aq) +  2 KMnO4 (aq)   +  8 H2SO4(aq)  (  5 Fe2(SO4)3 (aq)  + K2SO4 (aq) + 2 MnSO4(aq)  +  8 H2O (l)
1 banana + 3 scoops ice cream + 2 scoops nuts + 3 shots whip cream





Remember that a celcius temp. scale is not useful for gas calculations since it is not an absolute scale.  That means it does not start from zero temp. We use the _________ scale!








