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The Model: Acid/Base Reactions

Precipitation reactions are examples of double displacement reactions. The cations in the reactants were
associated with different anions in the products.

Acid-base reactions occur the same way. Acids donate H' in solution, while bases accept H:

HCl(aq) + NaOH(aq) = H2O(l) + NaCl(aq)
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The water molecules (H-OH) that were formed from the reaction are shown for clarity. The sodium and chloride
ions remain in solution, and new water molecules are formed.

1. Predict the products of the reaction of HIO3(aq) and NaOH(aq).

2. Write and balance the full molecular equation for the reaction of nitric acid and barium hydroxide.

3. What is the correct net ionic equation for the reaction of hydroiodic acid and calcium hydroxide:

2HI(aq) + Ca(OH)2(aq) = 2H>O(1) + Calz(aq)
H'(aq) + I'(aq) + Ca*"(aq) + OH(aq) > H20(1) + Ca’*(aq) + I'(aq)
2H"(aq) + 2I'(aq) + Ca*'(aq) + 20H"(aq) = 2H>O(1) + Ca?'(aq) + I'(aq)
2H'(aq) + 20H-(aq) > 2H,0())

H'(aq) + OH(aq) = H20(1)



The Model: Gas Evolution Reactions

Some reactions (many of which are acid-base) produce a gas that escapes solution. For example, calcium
carbonate is a popular compound that neutralized stomach acid, which is primarily hydrochloric acid:

CaCOs(s) + 2HCl(aq) = COx2(g) + H20(1) + CaClz(aq)

The carbon dioxide and water are formed from the decomposition of the unstable intermediate carbonic acid
(H2CO3):

CaCOs(s) + 2HCl(aq) = CaClz(aq) + H2COs(aq) = CO2(g) + H20(1) + CaClz(aq)

4. If CO; is formed from HoCO3, what gas is formed from H>SO3?

5. Predict the products for the reaction of sodium sulfite and potassium hydroxide.

6. What is the net ionic equation for the reaction in question 5?

The Model: Oxidation/Reduction (Redox) Reactions

When electrons are transferred from one element or compound in a reaction to a different element or compound,
it is called on oxidation-reduction reaction (you may also see it called redox). The reaction of solid sodium and
chlorine gas to form sodium chloride is one example of a redox reaction:

2Na(s) + Cla(g) = 2NaCl(s)

Any element in its standard state carries a charge of zero. Both solid sodium and chlorine gas are in their
standard states, so they have zero charge. In sodium chloride, which is an ionic compound, the sodium ion has a
1+ charge, and the chloride ion has a 1- charge. Sodium atoms lose one electron to become Na', so they are
oxidized. Chlorine atoms gain one electron to become CI°, so they are reduced.

Combustion reactions are another type of redox reaction:
CHa(g) + O2(g) 2 CO2(g) + H20(g)

A substance reacts with oxygen gas to create an oxide and water. If the substance is a hydrocarbon, like
methane, carbon dioxide is formed. If the substance contains nitrogen, nitrogen dioxide is formed. Sulfur
dioxide is formed from sulfur-containing compounds. All combustion reactions form the appropriate oxide and
water or water vapor, depending on conditions.

Oxygen gas is in its standard state and has a charge of zero. Once in compounds, it typically has a charge
(called oxidation state for molecular compounds) of 2-, so it is reduced. The methane, therefore, was oxidized to
carbon dioxide. Oxidation and reduction must both occur in a reaction.



7. An oxygen atom gains 2 electrons to become O*". Has it been oxidized or reduced?

8. A tin atom loses 4 electrons to become Sn*'. Has it been oxidized or reduced?

9. Potassium solid and oxygen gas react to form potassium oxide.
a. Write the balanced chemical equation for this reaction.

b. What substance was oxidized? Type the chemical symbol.

c. What substance was reduced? Type the chemical symbol.

The Model: Classifying Chemical Reactions

Chemical reactions can be classified by how the atoms rearrange and by what types of substances are reacting.
Classifying chemical reactions helps predict products:

How atoms rearrange:

Type of Reaction Generic Equation
synthesis or combination A+B——AB
decomposition AB— A+ B
single-displacement A+BC— AC+ B
double-displacement AB + CD —— AD + CB

What substances react:

Chemical
reactions

Precipitation Acid-base Gas evolution { Oxidation-reduction \|

reactions reactions reactions™ reactions

Combustion

*Many gas evolution reactions reactions

are also acid-base reactions.




Classify each reaction according to how atoms rearrange and what substances react:

10. CuSOs4(aq) + NaxCOs(aq) = CuCOs(s) + NaxSO4(aq)

a. How atoms rearrange

b. What substances react

11. Cla(aq) + 2Br(aq) = 2Cl(aq) + Bra(aq)

a. How atoms rearrange and

b. What substances react

12. 2HCl(aq) + Mg(OH)2(s) = MgClz(aq) + H2O(1)

a. How atoms rearrange

b. What substances react

13. HI(aq) + NaHCOs(aq) = CO2(g) + H20(1) + Nal(aq)

a. How atoms rearrange and

b. What substances react and
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