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Acid-Base and Precipitation Reactions

CSCOPE Unit 07 Lesson 01 Day 5 

Vocabulary
	(g)
	
	indicates that the substance is a gas

	
	
	

	(l)
	
	indicates that the substance is a liquid

	
	
	

	(s)
	
	indicates that the substance is a solid, used for precipitates

	
	
	

	(aq)
	
	indicates that the substance is dissolved in water

	
	
	

	Acid
	
	a substance that is able to donate an H+ ion (proton) and therefore increase the concentration of H+ (aq) when it dissolves in water; its formula begins with “H”

	
	
	

	Acid-base reaction
	
	the reaction of an acid and a base to produce a salt and water; one of several types of double replacement reactions

	
	
	

	Base
	
	a substance that is able to accept an H+ ion (proton) and therefore increases the concentration of OH ( (aq) when it dissolves in water; its formula begins with a metal ion (or ammonium ion) and ends with “OH”

	
	
	

	Double replacement reaction                                 
	
	the reactants are two compounds and the products are two compounds, two ionic compounds react by exchanging cations to form two new compounds, usually takes place in aqueous solution

	
	
	

	Insoluble
	
	a substance that will not dissolve

	
	
	

	Ionizable hydrogen
	
	a hydrogen, written at the beginning of a formula of an acid, that will separate from the rest of the molecule, when it is dissolved in water, to form H+ (aq)

	
	
	

	Precipitate
	
	an insoluble substance that forms in, and separates from, a solution

	
	
	

	Precipitation reaction
	
	a chemical reaction between ionic substances in solution in which one of the products is insoluble; one of several types of double replacement reactions

	
	
	

	Salt
	
	an ionic compound made up of a positive ion, other than H+, and a negative ion, other than OH(, the cation comes from the base and the anion comes from the acid

	
	
	

	Soluble
	
	a substance that will dissolve


Three other ways to classify chemical reactions

In addition to classifying reactions by general reaction type – Combination Reaction, Decomposition Reaction, Single Replacement Reaction, Double Replacement Reaction, and Combustion Reaction – there are three other ways to classify chemical reactions. These include Oxidation-Reduction Reactions (reactions in which electrons are transferred between species causing the oxidation number of one or more elements to change), Acid-Base Reactions (reactions in which an acid and a base react to produce a salt and water), and Precipitation Reactions (reactions between ionic substances in solution in which one of the products is insoluble).

We went over Oxidation-Reduction Reactions yesterday. Today we will cover Acid-Base Reactions and Precipitation Reactions.

Acid-Base Reactions

Acid-base reactions are chemical reactions between an acid and a base. An acid is a substance that is able to donate an H+ ion (proton) and therefore increase the concentration of H+ (aq) when it dissolves in water. The formula of an acid begins with one or more ionizable hydrogens that will separate from the rest of the molecule, when it is dissolved in water, to form H+ (aq). Only the hydrogens at the beginning of the formula will ionize. There may be other hydrogens in the formula, but they do not separate from the rest of the molecule.


Example:



H2C8H4O4 (aq) ( 2 H+ (aq) + C8H4O42( (aq)
	01. How many ionizable hydrogens are in H2SO4?
	

	
	

	02. How many ionizable hydrogens are in HC2H3O2?
	


A base is a substance that is able to accept an H+ ion (proton) and therefore increases the concentration of OH ( (aq) when it dissolves in water. The formula of a base begins with a metal ion (or ammonium ion) and ends with one or more hydroxides that will separate when dissolved in water.
	03. Identify:

H2SO4

as an acid, a base, or another type of compound
	

	
	

	04. Identify:

KOH
as an acid, a base, or another type of compound
	


	05. Identify:

Ca(OH)2
as an acid, a base, or another type of compound
	

	
	

	06. Identify:

H2C2O4

as an acid, a base, or another type of compound
	

	
	

	07. Identify:

CH3OH
as an acid, a base, or another type of compound
	


The products of an acid-base reaction are one or more water molecules and a salt. In the salt the cation will come from the base and the anion will come from the acid. We will have to do the criss-cross to determine the formula.


Example:

H3PO4 (aq) + NaOH (aq) (


H3PO4 (aq) + NaOH (aq) ( H2O and the salt of Na+ 

and PO43(
The cation will come from the base and the anion will come from the acid.

We have to do the criss-cross on the sodium phosphate.

We get Na3PO4.



Thus: H3PO4 (aq) + NaOH (aq) ( Na3PO4 (aq) + H2O (l)


Balancing: H3PO4 (aq) + 3 NaOH (aq) ( Na3PO4 (aq) + 3 H2O (l)
	08. Write the formulas for the products of the following acid-base reaction:
Ca(OH)2 (aq) + HBr (aq)  (
	

	
	

	09. Write and balance the equation for the acid-base reaction in “08.”
	


Precipitation Reactions

Precipitation reactions are chemical reactions between ionic substances in solution in which one of the products is insoluble – a precipitate. 
Solubility Rules

	Rule
	Applies to
	Statement
	Exceptions

	1
	Li+, Na+, K+, Cs+, Rb+, 

NH4+
	All alkali metal (Group I A) and ammonium compounds are soluble
	none

	2
	C2H3O2 (, 

ClO4 (, ClO3 (, NO3 (
	All acetate, perchlorate, chlorate, and nitrate compounds are soluble.
	none

	3
	Cl( , Br( , l( 
	Most chlorides, bromides, and iodides are soluble
	Ag+, Pb2+, (Hg2)2+

	4
	SO42(
	Most sulfates are soluble.
	Ag+, Ba2+, Ca2+, Pb2+, Sr2+, (Hg2)2+

	5
	CO32(
	Most carbonates are insoluble.
	Group I A and NH4+

	6
	PO43(
	Most phosphates are insoluble.
	Group I A and NH4+

	7
	S2(
	Most sulfides are insoluble.
	Group I A and NH4+

	8
	O2(
	Most oxides are insoluble.
	Group I A and NH4+

	9
	OH(
	Most hydroxides are insoluble.
	Group I A, NH4+ are soluble.

Ba2+, Ca2+, and Sr2+ are slightly soluble.

	10
	CrO42(
	Most chromates are insoluble
	Group I A and NH4+

	11
	F(
	Most fluorides are insoluble.
	Group I A and NH4+

	12
	Ag+, Pb2+, Pb4+, Hg+
	Silver, lead, and mercury (I) compounds are insoluble.
	C2H3O2 (, ClO4 (, ClO3 (, NO3 (


	10. Na2S is soluble in water. Which rule indicates that?
	

	
	

	11. Pb(NO3)2 is soluble in water. Which rule indicates that?
	

	
	

	12. FePO4 is insoluble in water. Which rule indicates that?
	

	
	

	13. Cr(OH)3 is insoluble in water. Which rule indicates that?
	


We will have to do the criss-cross to determine the formulas. Precipitates can be determined by using a table of solubility rules. A precipitate is an insoluble substance that forms in, and separates from, a solution. The state of precipitates is given as (s).


Example:

Na2S (aq) + Fe(ClO4)3 (aq) (
Precipitation reactions are double replacement reactions
The Na+ will pair up with the ClO4(.

The S2( will pair up with the Fe3+.

We have to do the criss-cross on both of the products.

We get NaClO4.

We get Fe2S3.

The NaClO4 is soluble – Rules 1 or 2
NaClO4 (aq)
The Fe2S3 is insoluble – Rule 7

Fe2S3 (s)


Thus: Na2S (aq) + Fe(ClO4)3 (aq) ( NaClO4 (aq) + Fe2S3 (s)
Balancing: 3 Na2S (aq) + 2 Fe(ClO4)3 (aq) ( 6 NaClO4 (aq) + Fe2S3 (s)
Exercises

01.  Write the formulas for the products of this acid-base reaction and then write and balance its equation:

HCl (aq) + Ca(OH)2 (aq) (
02.  Write the formulas for the products of this acid-base reaction and then write and balance its equation:


LiOH (aq) + H2SO4 (aq) (
03.  Write the formulas for the products of this acid-base reaction and then write and balance its equation:

H2C2O4 (aq) + NaOH (aq) (
04.  Write the formulas for the products of this precipitation reaction and then write and balance its equation:

FeSO4 (aq) + (NH4)2S (aq) ( 

05.  Write the formulas for the products of this precipitation reaction and then write and balance its equation:

Al(NO3)3 (aq) + NaOH (aq) ( 
06.  Write the formulas for the products of this precipitation reaction and then write and balance its equation:

AgNO3 (aq) + ZnCl2 (aq) ( 
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