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Section 8 -1

Describing Chemical Reactions

Objectives or “I can” statements:

1) List three observations that suggest that a chemical reaction has taken place.
2) List three requirements for a correctly written chemical equation.
3) Write a word equation and a formula equation for a given chemical reaction.
4) Balance a formula equation by inspection.

Chemical Reaction – the process by which one or more substances are changed




into one or more different substances.



REACTANTS – the original substance(s)



PRODUCTS – the resulting substance(s)


Chemical Equation – represents, with symbols and formulas, the identities and 



        relative amounts of the reactants and products in a chemical reaction



        - describes a chemical reaction



(NH4)2Cr2O7(s) → N2(g) + Cr2O3(s) + 4H2O(g)



- above chemical reaction shows that the reactant ammonium dichromate

 

   yields the products nitrogen, chromium (III) oxide, and water.

Indications of a Chemical Reaction


- To know for sure that a chemical reaction has taken place requires evidence 

                that one or more substances have undergone a change in identity.


- Certain easily observed changes usually indicate that a chemical reaction has 

                occurred.



1) Evolution of heat and light. 



2) Production of a gas. You will see bubbles.



3) Color change


3) Formation of a precipitate. This occurs when a solid is produced by the




mixing of two liquids.



Precipitate – A solid that is produced as a result of a chemical reaction in




a solution and that separates from the solution.
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Characteristics of Chemical Equations


1) The equation must represent known facts. All the reactants and products must

 

be identified.


2) The equation must contain the correct formulas for the reactants and products.



- Chap. 7 symbols and formulas, oxidation states, balancing charges, etc.



- Table 1 p. 263 lists elements that normally exist as Diatomic Molecules




know these diatomic molecules



- All other elements are usually represented by their atomic symbols Ex: C




Exceptions are: Sulfur S8  and phosphorus P4 


3) The Law of Conservation of Mass Must be Satisfied



- Atoms are neither created nor destroyed in ordinary chemical reactions 



        **… so, the same # of atoms of each element must appear on

                                      each side of a correct chemical equation



- to equalize numbers of atoms, coefficients are added where necessary.



Coefficient – is a small whole number that appears in front of a formula 




in a chemical equation.



- Placing a coef. in front of a formula specifies the relative number of




moles of the substance.



- If NO coef. is written, the coef. is assumed to be 1.



- The coef. 4 in the equation below indicates that 4 mol of water are 




produced for each mole of nitrogen and chromium (III) oxide.




(NH4)2Cr2O7(s) → N2(g) + Cr2O3(s) + 4H2O(g)


Word and Formula Equations


1) 1st step, Identify the facts to be represented. 


    - write a Word Equation (reactants and products written in words)



methane + oxygen → carbon dioxide + water



The arrow, →, is read as: react to yield or yield (also produce or form)
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2) 2nd step, Replace the names of the reactants and products with appropriate



symbols and formulas


     Formula Equation – represents the reactants and products of a chemical 




reaction by their symbols or formulas



methane + oxygen → carbon dioxide + water



        CH4(g) + O2(g)   →  CO2(g)  + H2O(g)  Formula Equation (not balanced)


*** Word and Formula equations are qualitative statements. They don’t give any



information about the amounts of reactants or products (quantitative).


3) 3rd step, Need to meet the law of conservation of mass by making the 



amount and type of atoms of reactants and products equal on both sides 

                      of the equation. 



-The process is called Balancing the Equation and is carried out by 




inserting coefficients.




CH4(g) + O2(g)   →  CO2(g)  + H2O(g)   (not balanced)


 
- To balance the above equation begin by counting atoms of elements that



       are combined with atoms of other elements and appear only once on



       each side of the equation. Above would be C or H. Usually you have 



       to balance H and O last so start with C. 



       - There is one carbon atom on each side of the arrow so it is balanced



       - There are 4 H atoms in the reactants, only 2 atoms in the products




2 additional H atoms are needed on the right side so add a coef.

                                 of 2 in front of the chemical formula H2O.



             CH4(g) + O2(g)   →  CO2(g)  + 2H2O(g)  (partially balanced)



      
   ** Can only use Coefficients to change the relative number of 



                    atoms in a chemical compound. CAN’T change subscripts.


                  - There are 4 O2 atoms on the right side of the arrow in a partially 




balanced equation. There are 2 on the left side. Place a coef. of




2 in front of O2 on the left side. Now the chem. equation is balanced




CH4(g) + 2O2(g)   →  CO2(g)  + 2H2O(g) (balanced equation)




* Schla – deeze says, “ The smart student will always 2x their work”
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Additional Symbols Used in Chemical Equations


STUDY table 2 p. 266 - symbols and meanings and know what they mean. You

     will probably have to go back to this page as you balance equations.

Significance of a Chemical Equation


Chemical equations are useful in doing quantitative chemical work.


The arrow is like an equal sign and the chemical equation is like an algebraic 

equation expressing equality.


1) The coefficients of a chemical reaction indicate relative, NOT absolute,



amounts of reactants and products.



- a chemical equation usually shows the smallest numbers of atoms, 

 


molecules, or ions that will satisfy the law of conservation.




H2 (g) + Cl2 (g) → 2 HCl (g) 



- The above equation indicates that 1 molecule of H reacts with



    1 molecule of Cl to produce 2 molecules of HCl giving a ratio:




1 molecule H2  :  1 molecule Cl2  :   2 molecules HCl







or




1 mol H2  :  1 mol Cl2  :   2 mol HCl



- The ratio shows the smallest possible relative amounts of the




reactants and products.



- To obtain larger relative amounts, simply multiply each coefficient by




the same number. Ex: 10 would give ratio of  10 : 10 : 20


2) The relative masses of the reactants and products of a chemical reaction can



be determined from the reaction’s coefficients.



- Convert to mass in grams by multiplying the number of moles by the 

                           molar mass of each element or compound. 


     *remember to calculate the subscripts too!


3) The reverse reaction for a chemical equation has the same relative amounts of 



substances as the forward reaction. (Law of conserv. of mass)

Information NOT shown by a chemical equation:


1) An equation gives no indication of whether a reaction will actually occur.


2) An equation gives no information about the speed of a reaction
Section 8-1 cont. 









p. 5

Balancing Chemical Equations


The following procedure demonstrates how to master balancing equations by inspection using 

                a step-by-step approach.


1) Identify the names of the reactants and the products, and write a word



equation.

                                        water  →  hydrogen + oxygen


2) Write a formula equation by substituting correct formulas for the names of



the reactants and the products.  (H and O are diatomic!)



H2O (l)  →  H2 (g)  + O2 (g) (not balanced)


3) Balance the formula equation according to the law of conserv. of Mass using



Coefficients. Use the following GUIDELINES:



1) Balance the different type of atoms one at a time.



2) First balance the atoms of elements that are COMBINED and that



        appear only once on each side of the equation.



3) Balance POLYATOMIC IONS that appear on both sides the equation



        as single units.



4) Balance H atoms and O atoms after atoms of all other elements have



        been balanced.



In the example we only have H and O so start with the combined H2O



There are 2 Oxygen atoms on the right and one on the left so place a



coefficient of 2 in front of H2O 



2H2O (l)  →  H2 (g)  + O2 (g) (partially balanced)



The coef. 2 messes up the balance of H, we now have 4 H on the left and



2 H on the right. Place a coef. of 2 in front of the H on the right.



2H2O (l)  →  2H2 (g)  + O2 (g) (Balanced Equation)


4) COUNT the atoms on both sides of the equation to be sure it is balanced. 

                 2√  your work!!!!



If Coef. do not represent the smallest possible whole number ratio then



it should be divided by the greatest common factor.


Avoid common mistakes: 1) Writing incorrect chemical formulas (be accurate)





         2) Changing the subscripts (DON’T)
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Section 8 – 2

Objectives or “I can” statements: 

1) Define and give general equations for synthesis, decomposition, single-displacement, and double-displacement 
          reactions.

2) Classify a reaction as a synthesis, decomposition, single-displacement, double-displacement, or combustion reaction.

3) Predict the products of simple reactions given the reactants.

- There are thousands of known chemical reactions.

- It is often necessary to predict the products of these reactions.

- It is useful and realistic to classify reactions according to various similarities.

- There are five basic types of reactions: synthesis, decomposition, single-replacement,

     double-replacement, and combustion.
1) SYNTHESIS REACTONS


- In a SYNTHESIS REACTION (RXN) also known as COMPOSITION RXN, two

                or more substances combine to form a new compound.



A + X → AX         

- A and X can be elements or compounds. AX is always a compound.

       Examples of Synthesis rxns of elements with Oxygen and Sulfur


- A simple type of synthesis rxn is the combination of an element with 



OXYGEN to produce an OXIDE of the element.



- Almost all METALS react with oxygen to form oxides.



Ex: 2Mg(s) + O2 (g) → 2MO(s)    

- The other Group 2 elements (alkaline-earth metals) react in a similar manner, 

                forming oxides with the formula MO, where M represents the metal.


- The group 1 metals (Alkali metals) form oxides with the formula M2O



Ex: Li2O


-  The group 1 and group 2 elements also react with sulfur, forming 


      SULFIDES with the formulas M2S (group 1) and MS (group 2).



Ex: 16Rb(s)  + S8(s) → 8Rb2S(s)          M2S



             8Ba(s) + S8(s) → 8BaS(s)        MS


- Many oxides of nonmetals in the upper right of the periodic table react with 


     water to produce OXYACIDS. Sulfur dioxide reacts with water to produce


     sulfurous acid.  SO2(g) + H2O(L) → H2SO3(aq)  
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Q: Why do chemists like nitrates so much? 
           

 A: They're cheaper than day rates

2) DECOMPOSITON RXNS


- In a DECOMPOSITON RXN, a single compound undergoes a reaction that


     produces two or more simpler substances. These are the OPPOSITE of 


     a synthesis rxn and are represented by:  AX → A + X


     AX is a compound. A and X can be elements or compounds.


- Most decomposition rxns take place only when E in the form of electricity or 

                heat is added.


Decomposition of Binary Compounds



- The simplest kind of decomposition rxn is the decomposition of a binary 

                           compound into its elements.  2H2O(L)    (    2H2(g) + O2(g)


- Electrolysis – the decomposition of a substance by an electric current 



- Oxides of the less-active metals decompose into their elements when 

                           heated:  2HgO(s)   →     2Hg(L) + O2(g)

Decomposition of Metal Carbonates



- When a metal carbonate is heated, it breaks down to produce a metal 

                           oxide and carbon dioxide gas. Calcium carbonate decomposes to 

                           produce calcium oxide and carbon dioxide




CaCO3(s)   →    CaO(s) + CO2(g)

Decomp. of Acids



- Certain acids decompose into nonmetal oxides and water. Carbonic acid


     is unstable and decomposes readily at room temp. to produce carbon



     dioxide and water.




H2CO3(aq) → CO2(g) H2O(L)

                When heated, sulfuric acid decomposes into sulfur trioxide and water.



H2SO4(aq)               SO3(g) + H2O(L)
Q: Why do chemists call helium, curium and barium the medical elements? 

A: Because if you can't helium or curium, you barium!

3) SINGLE –DISPLACEMENT RXNS


- In SINGLE-DISPLACEMENT RXN, one element replaces


       a similar element in a compound
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- Many single displacement rxns take place in an aqueous solution.


- The amount of E involved is usually less than a synthesis or decomposition rxn.


- Single replacement rxn:   A + BX → AX + B       or     Y + BX → BY + X


- A, B, X, and Y are elements. AX, BX, and BY are compounds.


Examples of Single displacement reactions:


Displacement of a metal in a compound by another metal



-Aluminum is more reactive than lead. When solid aluminum is placed



    in aqueous lead (II) nitrate, the aluminum replaces the lead.




2Al(s) + 3Pb(NO3)2(aq) → 3Pb(s) + 2Al(NO3)3(aq)

Displacement of Hydrogen in water by a Metal



- The most-active metals (group 1) react vigorously with water to produce



      metal hydroxides and hydrogen. Sodium reacts with water to form 

                            sodium hydroxide and hydrogen gas.



        2Na(s) + 2H2O(L)  →  2NaOH(aq) + H2(g)


Displacement of Hydrogen in an Acid by a Metal



- The more-active metals react with certain acidic solutions, such as 

                           hydrochloric acid, replacing the hydrogen in the acid. The reaction



      produces a metal compound (a salt) and hydrogen gas.



       Mg(s) + 2HCl(aq) → H2(g) + MgCl2(aq)
Displacement of Halogens


- When one halogen replaces another in a compound. Fluorine is the

              most-active halogen. It can replace any of the other halogens in their

              compounds. Each halogen is less active than the one above it in the PT.


    Each halogen can replace the one below it but never above it.



Cl2(g) + 2KBr(aq) → 2KCl(aq) + Br2(L)


F2(g) + 2NaCl(aq) → 2NaF(aq) + Cl2(s)
4) DOUBLE-DISPLACEMENT REACTIONS


- In Double-displacement reactions, the ions of two compounds exchange places


      in an aqueous solution to form two new compounds. 


- One of the compounds formed is usually a precipitate, an insoluble gas that 


       bubbles out of a solution, or a molecular compound, usually water. The other


       compound is often soluble and remains dissolved in solution. 



Double Replacement rxn:    AX + BY → AY + BX



A,X,B, and Y in the reactants represent ions. AY and BX represent ionic or

                         molecular compounds.
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Formation of a precipitate



- The formation of a precipitate occurs when the cations of one reactant 


                combine with the anions of another reactant to form an insoluble or 



      slightly soluble compound. 




2KI(aq) + Pb(NO3)2(aq) → PbI2(s) + 2KNO3(aq)    (PbI2(s) is the precip.)



- The precipitate forms as a result of the very strong attractive forces



    between the Pb2+ cations and the I – anions. The KNO3  do not take part



     in the reaction.


Formation of a Gas



- In some double-displacement reactions, one of the products is an 



    insoluble gas that bubbles out of the mixture. 




FeS(s) + 2HCl(aq) → H2S(g) + FeCl2(aq) 


Formation of Water



- In some double-displacement rxns, a very stable molecular compound, 



    such as water, is one of the products.




HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(L)
section 8-2 continued
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5) COMBUSTION REACTIONS


In a Combustion RXN, a substance combines with oxygen, releasing a large


    amount of energy in the form of light and heat.

     2H2(g) + O2(g) → 2H2O(g)


- The burning of natural gas, propane, gasoline, and wood are also examples of 

 

combustion rxns. The burning of propane:




C3H8(g) + 5O2(g) → 2CO2(g) + 4H2O(g)


** Usually a hydrocarbon reacting with Oxygen and Products are usually CO2 

                   and H2O
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Section 8-3

Activity Series of the Elements

Objectives or “I can” statements

1) Explain the significance of an activity series.
2) Use an activity series to predict whether a given reaction will occur and what the products will be.


Activity Series – a list of elements organized according to the ease with which



the elements undergo certain chemical reactions.


- The order in which the elements are listed is usually determined by 

                single-replacement reactions.

** Know how to read table 3 p. 286 **


- An element further down can replace any element below it but not any above it.


- The Activity series are used to help predict whether certain chemical rxns will



 occur. 


- According to the activity series Aluminum replaces Zinc so the rxn below occurs



2Al(s) + 3ZnCl2(aq) → 3Zn(s) + 2AlCl3(aq)


cobalt cannot replace sodium so:



Co(s) + 2NaCl(aq) → no reaction
