
Copyright © 2011 Pearson Canada Inc. General Chemistry: Chapter 3 Slide 1 of 24 

TENTH EDITION 

GENERAL CHEMISTRY 

Principles and Modern Applications 

PETRUCCI        HERRING         MADURA        BISSONNETTE   

Chapter 4: 

Chemical Reactions 

 



Chemical Compounds 

Copyright © 2011 Pearson Canada Inc. General Chemistry: Chapter 3 Slide 2 of 24 

  
CONTENTS 

4-1 Chemical Reactions and 

Chemical Equations 

4-2 Chemical Equations and 

Stoichiometry 

4-3 Chemical Reactions in 

Solution 

4-4 Determining the Limiting 

Reactant 

4-5 Other Practical Matters in 

Reaction Stoichiometry 

 



Copyright © 2011 Pearson Canada Inc. General Chemistry: Chapter 4 Slide 3 of 24 

4-1 Chemical Reactions and Chemical Equations

  

As reactants are converted to products we observe: 

Color change 

Precipitate formation 

Gas evolution 

Heat absorption or evolution  

Chemical evidence may be necessary 
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When aqueous solutions of 

silver nitrate and potassium 

chromate are mixed, 

 

AgNO3 + KCrO4 →   AgCrO4 

  yellow    red 

 

 the disappearance of the distinctive 

yellow color of chromate ion and the 

appearance of the red-brown solid, 

silver chromate, provide physical 

evidence of a reaction. 



Figure 4-2 Evidence of a chemical reaction 
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(a) Evolution of a gas: When a copper penny reacts with nitric acid, the 

red-brown gas is evolved. (b) Evolution of heat: When iron gauze (steel 

wool) is ignited in an oxygen atmosphere, evolved heat and light provide 

physical evidence of a reaction. 
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Chemical Equation 

-We have a symbolic or shorthand way of representing a 

chemical rxn   — chemical equation— 

 

- Formulas for the reactants are written on the left hand side 

of the rxn, whereas formulas for the products are written on 

the right. The two sides of the equation are joined by an 

arrow   →    or  = sign.     

 

-  Sometimes products react to form reactants, reversible 

rxn’s, shown by double arrow ,            



In order to show the shorthand representation of the rxn,  

      Nitrogen monoxide + oxygen → nitrogen dioxide 

 

 

 

 

 

2 molecules of NO are consumed for every 1 molecule of  O2 
and 2 molecules of NO2 are produced. 

 

In a balanced eqn. for each element present, the total # of  
atoms are the same on both sides. 
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Chemical Equation 

Step 1:  Write the reaction using chemical symbols. 

NO +    O2 →    NO2 

Step 2:  Balance the chemical equation. 

2 1 2 
colorless                     red-brown 
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Molecular Representation 
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Balancing Equations 

Never introduce extraneous atoms to balance. 

 NO +  O2 →   NO2 + O 

Never change a formula for the purpose of balancing an equation 

 NO +  O2 →   NO3 

- An equation can be balanced only by adjusting the coefficients of 

formulas.  

-The coefficients required to balance a chemical equation are 

called stoichiometric coefficients.  

- These coefficients are essential in relating the amounts of 

reactants used and products formed in a chemical rxn. 

In balancing a chemical rxn keep the followings in mind. 
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Balancing Equation Strategy 

* Balance elements that occur in only one compound on each side first. 

* Balance free elements last. 

* Balance unchanged polyatomics (or other groups of atoms) as groups. 

* Fractional coefficients are acceptable and can be cleared at the end by 
multiplication. 

Balancing by inspection. It means to adjust stoichiometric 

coefficients by trial and error until a balanced condition is 

found. 

Strategies for balancing. 
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EXAMPLE 4-2 

 

Writing and Balancing an Equation:  The Combustion of a Carbon-

Hydrogen-Oxygen Compound.  Liquid triethylene glycol, C6H14O4, is used 

a a solvent and plasticizer for vinyl and polyurethane plastics.  Write a 

balanced chemical equation for its complete combustion. 

 

Chemical Equation: 

     C6H14O4  + O2  →  CO2  +     H2O  

 

1.  Balance C first,    C6H14O4  + O2 → 6CO2 +  H2O  

2.  Balance H.           C6H14O4  + O2  →6CO2  + 7H2O  

3.  Balance O.           C6H14O4  +15/2 O2  →6CO2  + 7H2O  

4.  Multiply by two 

  

     2 C6H14O4  + 15 O2 → 12 CO2  + 14 H2O  
 

and check all elements. 

 



States of Matter &  Reaction conditions: 
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(g) Gas  (l) liquid  (s) solid        aqueous (aq) water 

 

Thus, the equation for combustion of triethylene glycol can 

be written as 

 

2 C6H14O4(l) + 15 O2(g)         12 CO2(g) + 14 H2O(l) 

 

 

Another commonly used symbol for reactants or products 

dissolved in water is 

(aq) aqueous solution 
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Temperature, Pressure, Catalyst  

 

We often write rxn conditions above or below the arrow. , 

delta means high temp is required. 

 

       2 Ag2O (s)  4 Ag(s)  + O2 (g) 

 

Catalyst is a substance that enters into a rxn to speed up the 

rxn without being consumed in the rxn. 

                          350C 

CO (g) + 2H2 (g)      CH3OH (g) 

                            340 atm 

                           ZnO, Cr2O3 
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4-2 Chemical Equations and  Stoichiometry 

Stoichiometry includes all the quantitative relationships 

involving 

atomic and formula masses 

chemical formulas. 

chemical equations 

Mole ratio or stoichiometric factor  is a central conversion factor. 

 

   KEEP IN MIND 

that it is important to include units and to work from a 

balanced chemical equation when solving stoichiometry 

problems. 
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A generalized stoichiometry diagram 
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A key step in working stoichiometric problems is applying the appropriate 

stoichiometric factor (mole ratio) that converts from moles A to moles B. 

The stoichiometric factor is the stoichiometric coefficient of B divided by the 

stoichiometric coefficient of A. 

Figure 4-3 
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The reaction between solid aluminum, Al(s), and aqueous hydrochloric acid, 

HCl(aq), can be used for preparing small volumes of hydrogen gas, H2(g) in 

the laboratory. A balanced chemical equation for the reaction is shown below. 

The liberated H2(g) flows into a 

gas-collection apparatus, where it 

displaces water. Hydrogen is only 

very slightly soluble in water. 
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4-3 Chemical Reactions in Solution 

Close contact between atoms, ions and molecules necessary 

for a reaction to occur.  

Components of a solution are; 

-solvent, determines whether the solution exists as a 

solid, liq, or gas. We usually use aqueous (aq) solution. 

-solutes, a material dissolved in the solvent. 

  

NaCl (aq) liquid water (solvent) , NaCl (solute) 



Molarity:  
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Molarity (M) =  
Volume of solution (in liters)  

  Amount of solute ( in moles)  

If 0.440 mol of urea is dissolved in enough water to make 1.0 L of solution the 

concentration is: 

curea  =   
1.000 L 

0.440 mol urea = 0.440 M  CO(NH2)2  

M   =  
V 

 n  

Molarity, M   is a solution property, concentration unit 

Alternatively, if 0.110 mol urea is present in 250.0 mL of solution, the solution 

is also 0.440 M. 

curea  =   
0.250 L 

0.110 mol urea = 0.440 M  CO(NH2)2  
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Preparation of a Solution 

-Weigh the solid sample. 

-Dissolve it in a volumetric flask partially filled with solvent. 

-Carefully fill to the mark. 
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Calculating the Mass of solute in a solution of Known Molarity.  We want to 

prepare exactly 0.2500 L (250 mL) of an 0.250 M K2CrO4 solution in water.  

What mass of K2CrO4 should we use? 

Plan strategy: Volume → moles → mass 

We need 2 conversion factors! Write equation and calculate: 

mK2CrO4
 = 0.2500 L                                          = 12.1 g                   0.250 mol  

1.00 L 

194.02 g 
1.00 mol 

EXAMPLE 4-9 

mol 

L 

g  

mol 



Solution Dilution: 
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Figure 4-6 

Visualizing the dilution of a solution 

Mi × Vi = ni 

Mi  Vi Mf  Vf 

 =  nf = Mf × Vf 

M =  
n 

V 

Mi × Vi 
Mf = 

Vf 
=  Mi 

Vi 

Vf 
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Preparing a solution by dilution:  What volume of 0.250 M K2CrO4 should 

we use to prepare 0.250 L of 0.0100 M K2CrO4? 

Calculate: 

VK2CrO4
 = 0.2500 L                                        = 0.0100 L                  0.0100 mol  

1.00 L 

1.000 L 
0.250 mol 

Plan strategy: Mf = Mi 
Vi 

Vf 

Vi = Vf 
Mf 

Mi 

EXAMPLE 4-10 

(a) A pipet is used to withdraw a 

10.0 mL sample of 0.250 M 

K2CrO4.  

(b) The pipetful of 0.250 M 

K2CrO4  is discharged into a 

250.0 mL volumetric flask.  

(c) Water is then added to bring 

the level of the solution to 

the calibration mark on the 

neck of the flask. 

At this point, the solution is 

0.0100 M K2CrO4. 
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4-4 Determining Limiting Reagent 

When all the reactants are completely and simultaneously consumed in a 

chemical reaction, the reactants are said to be in stoichiometric 

proportions; that is, they are present in the mole ratios dictated by the 

coefficients in the balanced equation. This condition is sometimes required, 

for example, in certain chemical analyses.  

 At other times, as in a precipitation reaction, one of the reactants is 

completely converted into products by using an excess of all the other 

reactants. The reactant that is completely consumed (the limiting reactant) 

determines the quantities of products formed.  

 In some cases, the limiting reactant will not be indicated explicitly. If the 

quantities of two or more reactants are given, you must determine which is 

the limiting reactant, as suggested by the analogy in Figure 4-8. 

Limiting Reactant: The reactant that is completely consumed determines the 
quantities of the products formed. 
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Limiting Reactant: The reactant that is completely consumed determines the 
quantities of the products formed. 

Phosphorus trichloride, PCl3, is a commercially important compound used in the 

manufacture of pesticides, gasoline additives, and a number of other products. It is made by 

the direct combination of phosphorus and chlorine 

  P4 (s) + 6 Cl2 (g) → 4 PCl3 (l) 

What mass of PCl3 forms in the reaction of 125 g P4 with 323 g Cl2? 

EXAMPLE 4-12 

nCl2
 = 323 g Cl2                             = 4.56 mol Cl2            

nP4
 = 125 g P4                              = 1.01 mol P4            

1 mol Cl2 

70.91 g Cl2 

1 mol P4 

123.9 g P4 

6 moles of Cl2  is required for 1 

mole of P4 to be completely 

used, we do not have that much, 

so, Cl2  is the limiting reactant. 

     # of moles of Cl2 used = 4.56 moles           # of moles of P4 used = 4.56/6 =0.76 moles 

 

     # of moles of PCl3 formed= (4.56/6) x 4 moles= 3.04 moles 

 

     mass  PCl3 formed =   3.04 moles PCl3  x                             

    

                                 = 417 g PCl3  

 

137.3 g PCl3 

1 mole PCl3 

 1 mole P4 

 P4 left = (1.0 - 0.76)=0.24 mol  

            

            = 0.24 x   

           

            = 30.1 gr  P4  

123.9 g  

4-4 Determining Limiting Reagent 
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Theoretical yield is the expected yield from a reactant. 

Actual yield is the amount of product actually produced. 

Percent yield  =                                                                      100% 
Actual yield 

Theoretical Yield 

4-5 Other Practical Matters in Reaction Stoichiometry 

Example: 4.15 

What mass of cyclohexanol must we use to obtain 25 g cyclohexene,C6H10, if percent yield  is 83% . 

 

     C6H11OH (l)                                  C6H10 (l)  +  H2O   (l). 

   
Actual yield 

Percent yield 
x100% 

 
Theor. Yield = 

 

                   =   25 g x 100 %     = 30 gr C6H10 

                             83 % 

? g C6H11OH = 30 g C6H10 x                              x                                  x 

 

                       

       = 37 g C6H11OH     

1 mol C6H10 

82.1 g C6H10 1 mol C6H10 

1 mol C6H11OH 

1 mol C6H11OH 

100.2 g  C6H11OH 
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Theoretical, Actual and Percent Yield 

When actual yield = % yield,   

    the reaction is said to be quantitative 

 

Side reactions reduce the percent yield. 

By-products are formed by side reactions. 
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Consecutive Reactions, Simultaneous Reactions 

 

- Multistep synthesis is often unavoidable. 

- Reactions carried out in sequence to yield a final product are called 

consecutive reactions. 

- In simultaneous reactions, two or more substances react independently 

of one another in separate reactions occurring at the same time.  

Overall Reactions and Intermediates 
 

An intermediate is a substance produced in one step and consumed in 

another during a multistep synthesis. 

 

• We can combine a series of chemical equations for consecutive reactions 

to obtain a single equation to represent the overall reaction. 

 

The Overall Reaction is a chemical equation that expresses all the 

reactions occurring in a single overall equation. 
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