Pre-AP Chemistry                                                                         Name:  ______________________________

Chapters 7 Notes – Chemical Reactions

Define:  Chemical Reaction =

I. Evidence of Chemical Reactions (7.2 p200)

a. color change

b. formation of a solid (from two clear solutions)

c. formation of a gas

d. emission of light

e. emission or absorption of heat (exo- or endothermic)
II. How to Write Balanced Chemical Equations (7.4 p205)

A. Law of Conservation of Atoms  (Law of Conservation of Mass)

Since atoms cannot be created or destroyed in a chemical reaction, the total number of each kind of atom must be the same before and after the reaction.

        Note:  Since atoms are what give mass to matter, this law is just a re-statement 

        of the Law of Conservation of Mass.

        Atoms can be re-arranged, but totals before and after the reaction are the same.   It

        is this fact that will allow us to “balance” equations.  
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B. Important Reminders

· Balancing equations can be a “Trial-and-Error” process, so it make take a couple tries.

· We have already done some balancing when we did dissolving and precipitation. 

· Balancing means adjusting counts (or totals), so we use coefficients.  (Subscripts are used when we write formulas, but NOT when we balance equations!)

· A balanced chemical equation:

a) gives formulas of reactants and products

b) gives relative proportions of species in the reaction

c) does NOT give actual gram amounts or a gram-ratio! 

[image: image4.png]A8

QLS




C. Practice:  Balance the following equation          

Fe    +      Al2O3    →      Al    +      Fe2O3
Remember:  You cannot change formulas!!!  We can only use coefficients!

D. Additional Practice: 

            Balance each of the following equations.

a)        SiO2   +      C    →      SiC    +      CO

b)        KCN    +      FeCl2    →      K4Fe(CN)6    +      KCl

c)        NO2    +      H2O    →      HNO3    +      NO 

d)        Mg    +      O2    →      MgO

e)         N2    +      O2    →      NO

f)         Na    +      Cl2    →      NaCl

g)        Fe    +      O2    →      Fe2O3
h)        CuS    +      O2    →      CuO    +      SO2   

i)         N2H4    +      O2    →      N2    +      H2O

E.  Using abbreviations to show the state of the reactant or product.

[image: image1.jpg]TABLE 7.1 Abbreviations Indicating the States of
Reactants and Products in Chemical Equations

Abbreviation State

(9) gas

03] liquid

(s) solid

(aq9) aqueous (water solution)*

*The (aq) designation stands for aqueous, which means a substance
dissolved in water. When a substance dissolves in water, the mixture is

called a solution (see Section 7.5).
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More practice:  Balance the equation and write the correct phase notations for:

 Al   +    H2SO4    (     Al2(SO4)3    +     H2
III. Compounds dissolved in water (p209 7.5)

a. Reactions between substances dissolved in water (aqueous solutions (aq))are very common

b. Solubility

i. “Soluble” means the substance will dissolve in that liquid

ii. “Insoluble” means the substance won’t dissolve in that liquid

iii. Solubility rules:

[image: image2.jpg]TABLE 7.2 Solubility Rules

Compounds Containing the
Following lons Are Mostly Soluble  Exceptions

Li*, Na*, K*, NH,* None

NO3~, CoH30,™ None

QB I When any of these ions pairs with
Ag", Hg,?", or Pb?*, the compound is
insoluble.

50,2 When 8042 pairs with S12*, Ba®", Pb?", or

Ca®", the compound is insoluble.

Compounds Containing the
Following lons Are Mostly Insoluble  Exceptions

OH~, 8> When cither of these ions pairs with
Li", Na', K, or NHy", the compound is
soluble.

When 8% pairs with Ca?", 5", or Ba®",
the compound is soluble.
When OH™ pairs with Ca?*, Sr?*, or Ba",
the compound is slightly soluble.*

CO5%, PO When either of these ions pairs with

Li*, Na¥, K*, or NH,", the compound is
soluble.

*For many purposes these can be considered insoluble.
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iv. The following substances are soluble or insoluble?

1. AgBr

2. CuS

3. FeSO4
4. PbCO3
5. CaCl2
6. Pb(NO3)2
7. NH4Cl
8. Fe(OH)3
9. Ag2CrO4
10. CaSO4 

IV. Predicting Precipitation Reactions (p212 7.6)

a. Only insoluble compounds form precipitates
b. Example from the Lab – The reaction between calcium nitrate (Ca(NO3)2) and sodium carbonate (Na2CO3) solutions resulted in the formation of a precipitate of calcium carbonate (CaCO3). The sodium nitrate (NaNO3), being soluble, stayed in solution. That’s why you had to boil off the liquid to find out the amount of sodium nitrate (residue).

c. The steps to writing precipitation equations:
1. Write the formulas of the two compounds as reactants. Show that they are aqueous solutions by writing (aq) after each formula.

2. Write the formulas of the products using the cation of one compound with the anion of the other compound.

3. Use the solubility rules to determine whether the products are insoluble.

4. If all the possible products are soluble, write NR (No Reaction)

5. If one or both of the products are insoluble, show this by writing (s) after the formula of that precipitate.

6. Balance the equation by adding the correct coefficients

Examples: Complete and balance each of the following:

i.    KI(aq)   +     BaS (aq)    (
ii. K2SO4 (aq)     +     BaBr2 (aq)     (
.   

V. Writing Net Ionic Equations from Precipitation and Dissolving Reactions (p211 7.6)

a. We have worked with two types:

         (1)    Dissolving Equations:    (solid dissolves in water, and its ions dissociate)

AX (s)    →     A+(aq)    +    X‾(aq)
                       Examples:                 KBr (s)    →    K+(aq)    +    Br‾(aq)
                                                         Na2SO4 (s)   →    2 Na+(aq)    SO42‾(aq)     

* Remember to include coefficients when you have more than one ion. These equations should always balance (charges and number of atoms)

         (2)    Precipitation Equations:     (aqueous solutions react to form insoluable precipitate)

A+(aq)    +    X‾(aq)    →    AX (s)
                       Examples:                Ba2+(aq)   +    CrO42‾(aq)    →    BaCrO4 (s)
                                                            2 Ag+(aq)   +    S2‾(aq)   →    Ag2S (s)           

* Remember to include coefficients when you have more than one ion. These equations should always balance (charges and number of atoms)

**Notice that the equations for the dissolving and precipitating reactions are essentially opposites.

Note:  In our Mass Relationships and Chemical Changes lab, you used data to decide the identity of the precipitate.  In this chapter you will use phase symbols to find the precipitate.  Later, you will have to use Solubility Rules to find the precipitate.  
VI. Writing Net Ionic Equations from Given Equations (p215 7.7) 

1) Molecular Equation

- shows the complete neutral formulas for every compound in the reaction, along with their states.

AgNO3 (aq) + NaCl (aq) →     AgCl (s)  +   NaNO3 (aq)
2) Complete Ionic Equation

-shows the reactants and products as they are actually present in solution. If they are ionic compounds, then the ions would dissociate in the solution.

Ag+(aq) + NO3-(aq) + Na+(aq) + Cl - (aq) →     AgCl (s)  +   Na+(aq) +NO3- (aq)


Spectator Ions:  Ions that do not directly participate in the reaction. They remain the same on both sides of the equation.

**Notice that the AgCl does not change because it is a precipitate and therefore a solid that does not dissolve in the solution.

3) Net Ionic Equations

- shows only the ions and compounds that are directly involved in the reaction that takes place.

Ag+(aq) + Cl - (aq) →  AgCl (s)
Use the phase notation in each of the following equations to write a balanced net ionic equation for the given reaction. 

           1.    Na​​2CO3 (aq)    +    Ca(NO3)2 (aq)    →    CaCO3 (s)    +    2 NaNO3 (aq)
           2.    Ba(OH)2 (aq)    +    (NH4)2SO4 (aq)    →    2 NH4OH (aq)    +    BaSO4 (s)
           3.    2 AlI3 (aq)    +    3 BaS (aq)    →    Al2S3 (s)    +    3 BaI2 (aq)
           4.    2  NaCl (aq)    +    I2 (s)    →    2 NaI (aq)    +    Cl2 (g)
           5.    3 Ca (s)    +    2 H3PO4 (aq)    →    Ca3(PO4)2 (aq)    +    H2 (g)
           6.    HCl (aq)    +    NaOH (aq)    →    NaCl (aq)    +    H2O (l)
           7.    NaCl (aq)  +    Li (s)  +    H2O (l)   →    LiCl (aq)  +    NaOH (aq)   +    ½ H2 (g)
VII.    Acid-Base and Gas Evolution Reactions (p216 7.8)

a. Two other types of reactions:

i. Acid-base reactions – form water upon mixing an acid and a base

ii. Gas-evolution reactions – evolve a gas

1. Mixing an acid and base

iii. When an acid and base are mixed: water and a salt are formed

HCl(aq) + NaOH (aq) →  H2O(l) + NaCl(aq)





   +


  →


    +
**Also known as neutralization reactions

Examples: Finish the molecular equations and then write the net ionic equations below each.

HCl (aq)   +     KOH (aq)     (
HC2H3O2 (aq)     +      Ca(OH)2 (aq)     (
2. Mixing some solutions produces a gas directly or from the production of an intermediate product

[image: image3.jpg]TABLE 7.4 Types of Compounds That Undergo Gas Evolution Reactions

Reactant Type Intermediate Product  Gas Evolved  Example
sulfides none HsS 2HCl(ag) + KS(ag) — HzS(g) + 2 KCl(ag)
carbonates and bicarbonates  H,CO3 o, 2HCl(ag) + K COs(ag) —>

H,0() + COs(g) + 2KCl(ag)
sulfites and bisulfites H505 50, 2HCI(ag) + KpS0s(ag) —>

H0() + SOx(g) + 2 KCl(ag)
ammonium NH,OH NH; NH,Cl(ag) + KOH(ag) —

H;0() + NHs(g) + KCl(ag)
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Examples: Write molecular equations for each

HCl (aq)   +       CaCO3 (aq)    (
HC2H3O2 (aq)    +     NaHCO3 (aq)    (
NH4I (aq)     +     KOH (aq)     (
HNO3 (aq)   +     K2SO3 (aq)    (
VIII. Oxidation-Reduction Reactions (p220 7.9)

a. Reactions where electrons are transferred are called oxidation-reduction reactions or redox reactions. 

i. In oxidation reactions there is a loss of electrons
ii. In reduction reactions there is a gain of electrons
iii. The two reactions are paired. If something loses an 

   electron, something must gain those electrons

b. Redox reactions can be identified by

i. A substance reacts with elemental oxygen (O2)
ii. A metal reacts with a nonmetal

iii. One substance transfers electrons to another substance

c. Combustion reactions are redox reactions

i. A substance containing carbon and hydrogen reacts with elemental oxygen to produce carbon dioxide and water
ii. Carbon reacts with oxygen to form carbon dioxide

iii. Hydrogen reacts with oxygen to form water

What are the characteristics of the following redox reactions that help you to classify them?
iv. Ca (s)   +     Cl2 (g)   (     CaCl2 (s)
v. Zn (s)     +     Fe2+(aq)     (     Zn2+(aq)     +    Fe (s)
vi. 2 Mg (s)    +    O2 (g)    (     2MgO (s)
vii. 2 C8H18 (g)     +    25 O2 (g)     (   16 CO2 (g)     +     18 H2O (g)
IX. Classifying Chemical Reactions (p222 7.10)

· There are advantages for grouping (or classifying) reactions!  It can make it easier to understand and predict reactions!  These four types are based on what the atoms do during a reaction.

A. General Types of Reactions

1.    Composition Reactions:  (a.k.a. “Combination” or “Synthesis”)

                        General Equation:       A   +   B   →    AB
                        Examples:      2 H2(g)   +  O2(g)   →   2H2O(l)
                                               2 Mg(s)   +    O2(g)   →    2 MgO(s)
                                               H2O(l)   +    SO3(g)   →    H2SO4(aq)
            2.    Decomposition Reactions:  (a.k.a. “Analysis”)  

                        General Equation:      AB   →    A   +   B
                        Examples:               NaCl(s)   →    Na+ (aq)  +    Cl‾ (aq)
                                                        H2O(l)   →    H2(g)   +   ½ O2(g)   

                                                        2 KClO3(s)   →    2 KCl(s)   +   3 O2(g)
                                                        (NH4)2CO3   →    2 NH3   +   H2O   +   CO2   

            3.    Single Replacement Reactions:  (a.k.a. “Displacement”)
                   General Equations:        A   +   BC   →   AC   +   B
                   Examples:                   Fe(s)   +   CuSO4(aq)   →   FeSO4(aq)   +   Cu(s)
                                                      2 KI(aq)   +   Cl2(g)   →   2 KCl(aq)   +   I2(g)          

            4.    Double Replacement Reactions:   (a.k.a. “Double-Displacement” or “Exchange”)

                       General Equation:       AB   +   CD   →   AD   +   CB
                      Note:  Double Replacement Reactions can often be simplified to their net ionic equation:

                                                            A+   +   D‾   →   AD

                                                  or       C+   +   B‾   →   CB           

                       Remember:  “Spectator Ions” are cancelled because they do not take part in the actual reaction.

B.   Practice. Balance each of the following, and then classify the reaction.

            a)      Zn(s)     +     HCl(aq)       →      ZnCl2(aq)   +      H2(g)                    ____________________   

            b)      Na(s)       +         O2(g)    →       Na2O(s)                                        ___________________

            c)      Al2(SO4)3(aq)     +      CaCl2(aq)    →    AlCl3(aq)  +     CaSO4(s)    ____________________

            d)      Na(s)     +      H2O(l)     →       NaOH(aq)      +       H2(g)                ____________________

            e)      H2SO4(aq)      →        H2(g)      +      S8(g)      +        O2(g)                ____________________

C. Give a balanced chemical equation for the following reactions: (Don’t forget HONBrICl + Fat)

a) Composition (Synthesis) Reaction:

nitrogen gas + oxygen gas produces nitrogen monoxide
b) Decomposition Reaction:
calcium carbonate  (Hint: Carbonates decompose to form carbon dioxide and an oxide)

c) Single Replacement Reaction:

zinc (II) + copper (II) chloride produces zinc (II) chloride and copper
d) Double Replacement Reaction:


hydrochloric acid + sodium hydroxide produces dihydrogen monoxide and sodium chloride
X. Transposing from English to Chemistry 

For each of the following give a balanced chemical equation and identify the type of reaction    

1. Calcium metal reacts with phosphoric acid (H3PO4) to produce calcium 

        phosphate and hydrogen gas.

         
Equation:








Type: 

2. Hydrogen and chlorine gases combine to make hydrogen chloride gas.

Equation:








Type: 

3. Solutions of calcium chloride and silver nitrate are mixed to produce a silver chloride precipitate and some other residue.

Equation:








Type:      

4. Titanium metal is heated in nitrogen gas to make titanium (IV) nitride.

Equation: 








Type:

5. Ammonia gas (NH3) is converted into nitrogen and hydrogen gases.

Equation:








Type:

6. Magnesium metal reacts with nitric acid (HNO3), to produce a gas.

Equation:    








Type:

7. Aluminum chloride is broken down (by electrolysis) into pure elements.

Equation:








Type:

8. Drops of zinc chloride are added to a lead (II) acetate solution.

        
Equation:








Type:
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Balancing Chemical Equations


1. Metals - Balance the metals first


2. Non-metals - Balance any non-metals other than H or O


3. OH - Balance H and O last


4. Double check - Make sure that the atoms of each element are the same on both sides of the equation.
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