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Topics for this Unit 

1. Writing Equations 

a. Balancing 

b. Net Ionic 

2. Reaction Types  

a. Combination 

b. Decomposition 

c. Combustion 

3. Formula Weight vs 

 Molecular Weight 

4. Percent Composition 

 

5. Moles 

 a. Avogadro’s #  

  & molar mass 

6. Empirical & Molecular 

 Formulas 

 a. Combustion Analysis 

7. Stoichiometry 

 a. Limiting reagents 

 b. Theoretical Yield 

 c. Percent Yield 



Stoichiometry 

Law of Conservation of Mass 

“We may lay it down as an 

incontestable axiom that, in all 

the operations of art and nature, 

nothing is created; an equal 

amount of matter exists both 

before and after the experiment.  

Upon this principle, the whole art 

of performing chemical 

experiments depends.” 

--Antoine Lavoisier, 1789 



Stoichiometry 

Review Chemical Equations 

Concise representations of chemical 

reactions 



Stoichiometry 

Anatomy of a Chemical Equation 

CH4 (g) + 2 O2 (g)                  CO2 (g) + 2 H2O (g) 



Stoichiometry 

Anatomy of a Chemical Equation 

Reactants appear on the 

left side of the equation. 

CH4 (g) + 2 O2 (g)                  CO2 (g) + 2 H2O (g) 



Stoichiometry 

Anatomy of a Chemical Equation 

Products appear on the 

right side of the equation. 

CH4 (g) + 2 O2 (g)                  CO2 (g) + 2 H2O (g) 



Stoichiometry 

Anatomy of a Chemical Equation 

The states of the reactants and products 
are written in parentheses to the right of 
each compound. 

CH4 (g) + 2 O2 (g)                  CO2 (g) + 2 H2O (g) 



Stoichiometry 

Anatomy of a Chemical Equation 

Coefficients are inserted to 

balance the equation. 

CH4 (g) + 2 O2 (g)                  CO2 (g) + 2 H2O (g) 



Stoichiometry 

Subscripts and Coefficients Give 

Different Information 

• Subscripts tell the number of atoms of 

each element in a molecule 



Stoichiometry 

Subscripts and Coefficients Give 

Different Information 

• Subscripts tell the number of atoms of 

each element in a molecule 

• Coefficients tell the number of 

molecules 



Stoichiometry 

Balancing Equations 

Balancing hints: 

–Balance the metals first. 

–Balance the ion groups next. 

–Balance the other atoms. 

–Save the non ion group oxygen 

and hydrogen until the end. 
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Practice Balancing Examples 

• _AgNO3 + _Cu  _Cu(NO3)2 + _Ag 

• _Mg + _N2  _Mg3N2 
 

• _P + _O2  _P4O10 

• _Na + _H2O  _H2 + _NaOH 

• _CH4 + _O2  _CO2 + _H2O 

2 2 

3 

4 5 

2 2 2 

2 2 



Stoichiometry 

PRACTICE EXERCISE 

Balance the following equations by providing the missing coefficients: 

Answers:  (a) 4, 3, 2; (b) 1, 3, 2, 2; (c) 2, 6, 2, 3 

SAMPLE EXERCISE 3.2 continued 



Stoichiometry 

Reaction 

Types 
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Combination Reactions 

• Examples: 

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

C3H6 (g) + Br2 (l)    C3H6Br2 (l) 

2 Mg (s) + O2 (g)    2 MgO (s) 

• Two or more 

substances 

react to form 

one product 



Stoichiometry 

2 Mg (s) + O2 (g)    2 MgO (s) 
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Decomposition Reactions 

• Examples: 
CaCO3 (s)   CaO (s) + CO2 (g) 

2 KClO3 (s)    2 KCl (s) + O2 (g) 

2 NaN3 (s)    2 Na (s) + 3 N2 (g)  

• One substance breaks 

down into two or more 

substances 



Stoichiometry 

Solution (a) 

SAMPLE EXERCISE 3.3 Writing Balanced Equations for Combination and 

 Decomposition Reactions 

Write balanced equations for the following reactions: (a) The 

combination reaction that occurs when lithium metal and fluorine gas 

react. (b) The decomposition reaction that occurs when solid barium 

carbonate is heated. (Two products form: a solid and a gas.) 

 (b) Many metal carbonates decompose to form metal oxides and carbon 

dioxide when heated. For example, CaCO3 decomposes to form CaO and 

CO2.  Thus, BaCO3 decomposes to form BaO and CO2.  Barium and calcium 

are both in group 2A in the periodic table, moreover, which further suggests 

they would react in the same way: 



Stoichiometry 

PRACTICE EXERCISE 

Write balanced chemical equations for the following reactions: (a) Solid 

mercury(II) sulfide decomposes into its component elements when 

heated. (b) The surface of aluminum metal undergoes a combination 

reaction with oxygen in the air. 

SAMPLE EXERCISE 3.3 continued 

Answers: 
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Combustion Reactions 

• Examples: 

CH4 (g) + 2 O2 (g)    CO2 (g) + 2 H2O (g) 

C3H8 (g) + 5 O2 (g)    3 CO2 (g) + 4 H2O (g)  

• Rapid reactions that 

produce a flame 

• Most often involve 

hydrocarbons 

reacting with oxygen 

in the air 



Stoichiometry 

SAMPLE EXERCISE 3.4 Writing Balanced Equations for Combustion Reactions 

Write the balanced equation for the reaction that occurs when methanol, 

CH3OH(l), is burned in air. 

Solution When any compound containing C, H, and O is combusted, it reacts 

with the O2(g) in air to produce CO2(g) and H2O(g).  Thus, the unbalanced 

equation is 

 

 

 

 

 

And the final balanced equation is 



Stoichiometry 

D o  P r ob lem  S e ts  



Stoichiometry 

PRACTICE EXERCISE 

Write the balanced equation for the reaction that occurs when ethanol, 

C2H5OH(l), is burned in air. 

SAMPLE EXERCISE 3.4 continued 

Answer: 



Stoichiometry 

Formula 

Weights 
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Formula Weight (FW) 

• Sum of the atomic weights for the atoms 
in a chemical formula 

• So, the formula weight of calcium 
chloride, CaCl2, would be 

   Ca:  1(40.1 amu)   

 + Cl:  2(35.5 amu)   

 111.1 amu   

• These are generally reported for ionic 
compounds   



Stoichiometry 

Molecular Weight (MW) 

• Sum of the atomic weights of the atoms 

in a molecule 

• For the molecule ethane, C2H6, the 

molecular weight would be 

 

 

 
• Pssst: these 2 are found the same way, just for 

different compounds…. 

C:  2(12.0 amu) 
+ H:    6(1.0 amu) 

30.0 amu 



Stoichiometry 

PRACTICE EXERCISE 

Calculate the formula weight of  (a) Al(OH)3 and (b) 

CH3OH.  

Answers: (a) 78.0 amu, (b) 32.0 amu 

SAMPLE EXERCISE 3.5 continued 
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Percent Composition 

One can find the percentage of the mass 

of a compound that comes from each of 

the elements in the compound by using 

this equation: 

% element = 
(number of atoms)(atomic weight) 

(FW of the compound) 
x 100 



Stoichiometry 

Percent Composition 

So the percentage of carbon in ethane 

is… 

%C = 
(2)(12.0 amu) 

(30.0 amu) 

24.0 amu 

30.0 amu 
= x 100 

= 80.0% 



Stoichiometry 

SAMPLE EXERCISE 3.6 Calculating Percentage 

Composition 

Calculate the percentage of carbon, hydrogen, and oxygen (by mass) in 

C12H22O11. 

Check: The percentages of the individual elements must add up to 

100%, which they do in this case.  

Solve: We have 



Stoichiometry 

PRACTICE EXERCISE 

Calculate the percentage of nitrogen, by mass, in 

Ca(NO3)2. 

Answer: 17.1% 

SAMPLE EXERCISE 3.6 continued 
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Moles 

Pick one video to watch as review. 

 

Mole Ratio Videos 

Mr. Causey: https://www.youtube.com/watch?v=rwhJklbK8R0 

Tyler DeWitt: https://www.youtube.com/watch?v=S6UQX7ZdkTg 

Bozeman Science: https://www.youtube.com/watch?v=LQq203gyftA 

Brightstorm: https://www.youtube.com/watch?v=F90KmCYjZBc 

Sciencepost: https://www.youtube.com/watch?v=TdpOZTPAKbg 

https://www.youtube.com/watch?v=rwhJklbK8R0
https://www.youtube.com/watch?v=S6UQX7ZdkTg
https://www.youtube.com/watch?v=LQq203gyftA
https://www.youtube.com/watch?v=F90KmCYjZBc
https://www.youtube.com/watch?v=TdpOZTPAKbg
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Avogadro’s Number 

• 6.02 x 1023 

• 1 mole of 12C has a 

mass of 12 g 
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Molar Mass 

• By definition, these are the mass of 1 

mol of a substance (i.e., g/mol) 

– The molar mass of an element is the mass 

number for the element that we find on the 

periodic table 

– The formula weight (in amu’s) will be the 

same number as the molar mass (in g/mol) 



Stoichiometry 

Using Moles 

Moles provide a bridge from the molecular scale 

to the real-world scale 
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Mole Relationships 

• One mole of atoms, ions, or molecules contains 

Avogadro’s number of those particles 

• One mole of molecules or formula units contains 

Avogadro’s number times the number of atoms or 

ions of each element in the compound 
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SAMPLE EXERCISE 3.8 Converting Moles to Number of 

Atoms 

Calculate the number of H atoms in 0.350 mol of C6H12O6. 

Analyze: We are given both the amount of a substance (0.350 mol) and its 

chemical formula (C6H12O6).  The unknown is the number of H atoms in the 

sample. 

Plan: 

Solve: 

H atoms = 
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PRACTICE EXERCISE 

How many oxygen atoms are in (a) 0.25 mol Ca(NO3)2 and (b) 1.50 

mol of sodium carbonate? 

Answer: (a) 9.0  1023, (b) 2.71  1024 

SAMPLE EXERCISE 3.8 continued 



Stoichiometry 

PRACTICE EXERCISE 

How many moles of sodium bicarbonate (NaHCO3) are 

there in 508 g of NaHCO3? 

Answer: 6.05 mol NaHCO3 

SAMPLE EXERCISE 3.10 continued 



Stoichiometry 

D o  P r ob lem  S e ts  
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PRACTICE EXERCISE 

What is the mass, in grams, of (a) 6.33 mol of NaHCO3 and (b) 3.0  

10–5 mol of sulfuric acid? 

Answers: (a) 532 g, (b) 2.9  10–3 

SAMPLE EXERCISE 3.11 continued 
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Finding Empirical 

Formulas 
Pick one video to watch as review. 

 

Empirical Formula Video 

Tylew DeWitt: https://www.youtube.com/watch?v=wnRaBWvhYKY 

Mr. Causey: https://www.youtube.com/watch?v=zDXaExMbfL8 

Brightstorm: https://www.youtube.com/watch?v=eHR9saDmeYk 

Bozeman Science: https://www.youtube.com/watch?v=QcC4OsSxWYU 

https://www.youtube.com/watch?v=wnRaBWvhYKY
https://www.youtube.com/watch?v=zDXaExMbfL8
https://www.youtube.com/watch?v=eHR9saDmeYk
https://www.youtube.com/watch?v=QcC4OsSxWYU


Stoichiometry 

Calculating Empirical Formulas 

One can calculate the empirical formula from 

the percent composition 



Stoichiometry 

Calculating Empirical Formulas 

The compound para-aminobenzoic acid (you may have 

seen it listed as PABA on your bottle of sunscreen) is 

composed of carbon (61.31%), hydrogen (5.14%), 

nitrogen (10.21%), and oxygen (23.33%).  Find the 

empirical formula of PABA. 



Stoichiometry 

Calculating Empirical Formulas 

Assuming 100.00 g of para-aminobenzoic acid, 

 

 C: 61.31 g x   = 5.105 mol C 

 

 H:   5.14 g x  = 5.09 mol H 

 

 N: 10.21 g x  = 0.7288 mol N 

 

 O: 23.33 g x   = 1.456 mol O 

1 mol 

12.01 g 

1 mol 

14.01 g 

1 mol 

1.01 g 

1 mol 

16.00 g 
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Calculating Empirical Formulas 

Calculate the mole ratio by dividing by the smallest number 

of moles: 

C:   = 7.005  7 

 

 

H:   = 6.984  7 

 

 

N:   = 1.000 

 

 

O:   = 2.001  2 

5.105 mol 

0.7288 mol 

5.09  mol 

0.7288 mol 

0.7288 mol 

0.7288 mol 

1.458 mol 

0.7288 mol 
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Calculating Empirical Formulas 

These are the subscripts for the empirical formula: 
 

 C7H7NO2  
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SAMPLE EXERCISE 3.13 Calculating an Empirical Formula 

Ascorbic acid (vitamin C) contains 40.92% C, 4.58% H, and 54.50% O by 

mass. What is the empirical formula of ascorbic acid? 

Second, we calculate the 

number of moles of each 

element: 

Solve: We first  assume, for 

simplicity, that we have 

exactly 100 g of material 

(although any mass can be 

used). In 100 g of ascorbic 

acid, we have 
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SAMPLE EXERCISE 3.13 continued 

Third, we determine the 

simplest whole-number ratio 

of moles by dividing each 

number of moles by the 

smallest number of moles, 

3.406:  

1 

3 

The ratio for H is too far from 

1 to attribute the difference to 

experimental error; in fact, it 

is quite close to 1–. This 

suggests that if we multiply 

the ratio by 3, we will obtain 

whole numbers: 

The whole-number mole ratio 

gives us the subscripts for 

the empirical formula: 



Stoichiometry 

PRACTICE EXERCISE 

A 5.325-g sample of methyl benzoate, a compound used in the manufacture of 

perfumes, is found to contain 3.758 g of carbon, 0.316 g of hydrogen, and 

1.251 g of oxygen. What is the empirical formula of this substance? 

Answer: C4H4O 

SAMPLE EXERCISE 3.13 continued 
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SAMPLE EXERCISE 3.14 Determining a Molecular Formula 

Mesitylene, a hydrocarbon that occurs in small amounts in crude oil, has an 

empirical formula of C3H4 . The experimentally determined molecular weight of 

this substance is 121 amu. What is the molecular formula of mesitylene? 

Plan: The subscripts in the molecular formula of a compound are whole-number 

multiples of the subscripts in its empirical formula. To find the appropriate 

multiple, we must compare the molecular weight with the formula weight of the 

empirical formula. 

Multiply each subscript in the empirical formula by 3 to give the molecular 

formula: C9H12. 

Solve: First, we calculate the formula weight of the empirical formula, C3H4 

Next, we divide the molecular weight by the empirical formula weight to obtain 

the multiple used to multiply the subscripts in C3H4 : 
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PRACTICE EXERCISE 

Ethylene glycol, the substance used in automobile antifreeze, is composed of 

38.7% C, 9.7% H, and 51.6% O by mass. Its molar mass is 62.1 g/mol. (a) 

What is the empirical formula of ethylene glycol? (b) What is its molecular 

formula? 

Answers: (a) CH3O, (b) C2H6O2 

SAMPLE EXERCISE 3.14 continued 
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Combustion Analysis 

• Compounds containing C, H and O are routinely 

analyzed through combustion in a chamber like this 

– C is determined from the mass of CO2 produced 

– H is determined from the mass of H2O produced 

– O is determined by difference after the C and H have been 

determined 
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Elemental Analyses 

 Compounds 

containing other 

elements are 

analyzed using 

methods analogous 

to those used for C, 

H and O 
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SAMPLE EXERCISE 3.15 Determing Empirical Formula by Combustion Analysis 

Isopropyl alcohol, a substance sold as rubbing alcohol, is composed of C, H, 

and O. Combustion of 0.255 g of isopropyl alcohol produces 0.561 g of CO2 

and 0.306 g of H2O. Determine the empirical formula of isopropyl alcohol. 

Solve: To calculate the number of grams of C, we first use the molar mass of 

CO2, 1 mol CO2 = 44.0 g CO2, to convert grams of CO2 to moles of CO2. 

Because there is only 1 C atom in each CO2 molecule, there is 1 mol of C 

atoms per mole of CO2 molecules. This fact allows us to convert the moles of 

CO2 to moles of C. Finally, we use the molar mass of C, 1 mol C = 12.0 g C, to 

convert moles of C to grams of C. Combining the three conversion factors, we 

have: 

The calculation of the number of grams of H from the grams of H2O is similar, 

although we must remember that there are 2 mol of H atoms per 1 mol of H2O 

molecules: 
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SAMPLE EXERCISE 3.15 continued 

The total mass of the sample, 0.255 g, is the sum of the masses of the C, H, 

and O. Thus, we can calculate the mass of O as follows: 

We then calculate the number of moles of C, H, and O in the 

sample: 

To find the empirical formula, we must compare the relative number of moles of 

each element in the sample. The relative number of moles of each element is 

found by dividing each number by the smallest number, 0.0043. The mole ratio 

of C : H : O so obtained is 2.98 : 7.91 : 1.00. The first two numbers are very 

close to the whole numbers 3 and 8, giving the empirical formula  

     

    C3H8O. 



Stoichiometry 

D o  P r ob lem  S e ts  
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PRACTICE EXERCISE 

(a) Caproic acid, which is responsible for the foul odor of dirty socks, is 

composed of C, H, and O atoms. Combustion of a 0.225-g sample of this 

compound produces 0.512 g CO2 and 0.209 g H2O. What is the empirical 

formula of caproic acid? (b) Caproic acid has a molar mass of 116 g/mol. What 

is its molecular formula? 

Answers: (a) C3H6O, (b) C6H12O2 

SAMPLE EXERCISE 3.15 continued 
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Stoichiometric Calculations 

Pick one video to watch as review. 

 

Mole Ratio Videos 

Mr. Causey: https://www.youtube.com/watch?v=rwhJklbK8R0 

Tyler DeWitt: https://www.youtube.com/watch?v=S6UQX7ZdkTg 

Bozeman Science: https://www.youtube.com/watch?v=LQq203gyftA 

Brightstorm: https://www.youtube.com/watch?v=F90KmCYjZBc 

Sciencepost: https://www.youtube.com/watch?v=TdpOZTPAKbg 

https://www.youtube.com/watch?v=rwhJklbK8R0
https://www.youtube.com/watch?v=S6UQX7ZdkTg
https://www.youtube.com/watch?v=LQq203gyftA
https://www.youtube.com/watch?v=F90KmCYjZBc
https://www.youtube.com/watch?v=TdpOZTPAKbg
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Stoichiometric Calculations 

The coefficients in the balanced equation give 

the ratio of moles of reactants and products 
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Stoichiometric Calculations 

 From the mass of 

Substance A you can 

use the ratio of the 

coefficients of A and B 

to calculate the mass 

of Substance B 

formed (if it’s a 

product) or used (if 

it’s a reactant) 
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Stoichiometric Calculations 

 Starting with 1.00 g of C6H12O6…  

 convert grams to moles of C6H12O6… 

 use the coefficients to find the moles of H2O… 

 and then convert moles of water to grams 

C6H12O6 + 6 O2    6 CO2 + 6 H2O 



Stoichiometry 

You won’t get 

this for the 

test …  
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SAMPLE EXERCISE 3.16 Calculating Amounts of Reactants and Products 

How many grams of water are produced in the oxidation of 1.00 g of glucose, 

C6H12O6? 

Solve: First, use the molar mass of C6H12O6 to convert from grams C6H12O6 

to moles C6H12O6: 

Second, use the balanced equation to convert moles of C6H12O6 to moles of H2O: 

Third, use the molar mass of H2O to convert from moles of H2O to grams of H2O: 
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PRACTICE EXERCISE 

The decomposition of KClO3 is commonly used to prepare small amounts of O2 

in the laboratory:  

    

 

How many grams of O2 can be prepared from 4.50 g of KClO3? 

Answers: 1.77 g 

SAMPLE EXERCISE 3.16 continued 



Stoichiometry 

D o  P r ob lem  S e ts  
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PRACTICE EXERCISE 

Propane, C3H8, is a common fuel used for cooking and home heating. What 

mass of O2 is consumed in the combustion of 1.00 g of propane? Hint: Write a 

balanced equation!! 

Answers: 3.64 g 

SAMPLE EXERCISE 3.17 continued 
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Limiting 

Reactants 
Pick one video to watch as review. 

 

Limiting Reagents Videos 

Bozeman Science: https://www.youtube.com/watch?v=LicEaaXhlEY 

Sciencepost: https://www.youtube.com/watch?v=0d4LBzOgq3g 

  https://www.youtube.com/watch?v=qLUJdF_l8LA 

Mr. Causey: https://www.youtube.com/watch?v=j2OfDUboqDg 

  https://www.youtube.com/watch?v=oCq_X4ESdBk 
Brightstorm: https://www.youtube.com/watch?v=krioEzlRegc 

https://www.youtube.com/watch?v=LicEaaXhlEY
https://www.youtube.com/watch?v=0d4LBzOgq3g
https://www.youtube.com/watch?v=qLUJdF_l8LA
https://www.youtube.com/watch?v=j2OfDUboqDg
https://www.youtube.com/watch?v=oCq_X4ESdBk
https://www.youtube.com/watch?v=krioEzlRegc


Stoichiometry 

How Many Cookies Can I Make? 

• You can make cookies 

until you run out of one 

of the ingredients 

• Once this family runs 

out of sugar, they will 

stop making cookies 

(at least any cookies 

you would want to eat) 



Stoichiometry 

How Many Cookies Can I Make? 

• In this example the 

sugar would be the 

limiting reactant, 

because it will limit the 

amount of cookies you 

can make 



Stoichiometry 

Limiting Reactants 

 The limiting reactant 

is the reactant 

present in the 

smallest 

stoichiometric 

amount 
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Limiting Reactants 

• The limiting reactant is the reactant present in 

the smallest stoichiometric amount 

– In other words, it’s the reactant you’ll run out of first (in 

this case, the H2) 



Stoichiometry 

Limiting Reactants 

 In the example below, the O2 would be the 

excess reagent 
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How do you find out which is limited? 

The chemical that makes the least amount 

of product is the “limiting reagent”. 

You can recognize limiting reagent 

problems because they will give you 2 

amounts of chemical 

Do two stoichiometry problems, one for 

each reagent you are given. 

Typically, convert each reactant into grams 

of the product and compare each result; the 

LR is the lesser value.  



Stoichiometry 

If 10.6 g of copper reacts with               

3.83 g sulfur, how many grams of the 

product (copper (I) sulfide) will be formed? 

        2Cu + S  Cu2S 

10.6 g Cu  
63.55g Cu  

1 mol Cu 

2 mol Cu  

1 mol Cu2S  

1 mol Cu2S 

159.16 g Cu2S 

= 13.3 g Cu2S 

3.83 g S  
32.06g S  

1 mol S 

1 mol S  

1 mol Cu2S  

1 mol Cu2S 

159.16 g Cu2S 

= 19.0 g Cu2S 

= 13.3 g Cu2S 

Cu is the 

Limiting 

Reagent, 

since it 

produced less 

product. 
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PRACTICE EXERCISE 

A strip of zinc metal having a mass of 2.00 g is placed in an aqueous solution 

containing 2.50 g of silver nitrate, causing the following reaction to occur: 

Answers: (a) AgNO3, (b) 1.59 g, (c) 1.39 g, (d) 1.52 g Zn 

(a) Which reactant is limiting? (b) How many grams of Ag will form? (c) How 

many grams of Zn(NO3)2 will form? (d) How many grams of the excess 

reactant will be left at the end of the reaction? 

SAMPLE EXERCISE 3.19 continued 



Stoichiometry 

Theoretical Yield 

• The theoretical yield is the amount of 

product that can be made 

– In other words it’s the amount of product 

possible as calculated through the 

stoichiometry problem 

• This is different from the actual yield, 

the amount one actually produces and 

measures 



Stoichiometry 

What is Yield?  

Yield is the amount of product made in 

a chemical reaction. 

There are three types: 

1. Actual yield- what you actually get in 

the lab when the chemicals are mixed 

2. Theoretical yield- what the balanced 

equation tells should be made 

3. Percent yield =      Actual         

                Theoretical 
x 100 
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Percent Yield 

 A comparison of the amount 

actually obtained to the amount it 

was possible to make 

Actual Yield 

Theoretical Yield 
Percent Yield =     x 100 

Pick one video to watch as review. 

 

Percent Yield Videos 

Brightstorm: https://www.youtube.com/watch?v=LQN9lH9WAVQ 

Mr. Causey: https://www.youtube.com/watch?v=tf7KzG6qCZY 

Sciencepost: https://www.youtube.com/watch?v=tr9ijLSoMV4 

https://www.youtube.com/watch?v=LQN9lH9WAVQ
https://www.youtube.com/watch?v=tf7KzG6qCZY
https://www.youtube.com/watch?v=tr9ijLSoMV4
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Example: 

6.78 g of copper is produced when 

3.92 g of Al are reacted with excess 

copper (II) sulfate. 

    2Al + 3 CuSO4   Al2(SO4)3 + 3Cu 

What is the actual yield? 

What is the theoretical yield? 

What is the percent yield? 

= 6.78 g Cu 

= 13.8 g Cu 

= 49.1 % 
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Details on Yield 

Percent yield tells us how “efficient” 

a reaction is. 

Percent yield can not be bigger 

than 100 %. 

Theoretical yield will always be 

larger than actual yield! 
– Why? Due to impure reactants; competing 

side reactions; loss of product in filtering or 

transferring between containers; measuring 
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SAMPLE EXERCISE 3.20 Calculating the Theoretical Yield and Percent 

Yield for a Reaction 

Adipic acid, H2C6H8O4, is used to produce nylon. The acid is made commercially 

by a controlled reaction between cyclohexane (C6H12) and O2:   

 (a) Assume that you carry out this reaction starting with 25.0 g of cyclohexane and 

that cyclohexane is the limiting reactant. What is the theoretical yield of adipic acid? 

 (b) If you obtain 33.5 g of adipic acid from your reaction, what is the percent yield of 

adipic acid? 



Stoichiometry 

Answers: (a) 105 g Fe, (b) 83.7% 

(a) If you start with 150 g of Fe2O3 as the limiting reagent, what is the 

theoretical yield of Fe? (b) If the actual yield of Fe in your test was 87.9 g, what 

was the percent yield? 

PRACTICE EXERCISE 

Imagine that you are working on ways to improve the process by which iron ore 

containing Fe2O3 is converted into iron. In your tests you carry out the following 

reaction on a small scale: 

SAMPLE EXERCISE 3.20 continued 



Stoichiometry 

F i n i s h  Y o u r  
 P r oblem S e ts  


