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Section 11.3 (continued)

Predicting the Formation 
of a Precipitate
DiscussDiscuss
On the board, write the products only 
of several double-replacement reac-
tions; challenge students to fill in the 
reactants. Examples include: → AgBr(s) 
+ KNO3(aq), → BaSO4(s) + 2NaCl(aq), 
and → 2KCl(aq) + CaSO4(s). (KBr(aq) + 
AgNO3(aq), BaCl2(aq) + Na2SO4(aq), and 
CaCl2(aq) + K2SO4(aq)) Remind stu-
dents that in a double-replacement 
reaction, the positive ions (cations) of 
one compound trade places with the 
positive ions of another compound.

ASSESS
Evaluate UnderstandingEvaluate Understanding
To evaluate students’ understanding of 
complete ionic equations, net ionic 
equations, and the formation of precipi-
tates, write the reactants in some pre-
cipitation reactions on the board. 
Include at least one example for which 
no reaction occurs. Have students write 
complete and net ionic equations.

ReteachReteach
Review with students the writing and 
balancing of complete and net ionic 
equations and the use of solubility 
rules to predict the outcome of dou-
ble-replacement reactions. Stress that 
it is important to note the physical 
states of reactants and products in pre-
cipitation reactions. 
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In the formation of limestone caves, 
calcium carbonate dissolves in car-
bonic acid (H2CO3). Another reaction 
occurs when stalagmites form: 
Ca2+(aq) + 2HCO3

− (aq) → CaCO3(s) + 
CO2(g) + H2O(l)

with ChemASAP

If your class subscribes to the 
Interactive Textbook, use it to 
review key concepts in Section 11.3.
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Section 11.3 Assessment
30. A net ionic equation shows only those 

particles involved in the reaction and is 
balanced with respect to both mass and 
charge.

31. Use the general rules for solubility of 
ionic compounds (Table 11.3).

32. a. Pb2+(aq) + SO4
2− (aq) → PbSO4(s)

b.  Pb2+(aq) + 2Cl− (aq) → PbCl2(s)
c.  Fe3+(aq) + PO4

3−(aq) → FePO4(s)
d.  Co2+(aq) + S2−(aq) → CoS(s)

33. a. Ag+(aq) + Cl−(aq) → AgCl(s); spectator 
ions are H+(aq) and NO3

−(aq)
b. Pb2+(aq) + 2Cl−(aq) → PbCl2(s); spec-
tator ions are Li+(aq) and C2H3O2

−(aq)
c. Cr3+ (aq) + PO4

3− (aq) → CrPO4 (s); 
spectator ions are Na+(aq) and Cl−(aq)

34. a. BaSO4(s) b. Al(OH)3(s) c. Ag2S(s)
d. PbCl2(s) e. CaCO3(s)

35. a. yes; Ag2SO4(s) b. no c. yes; CaSO4(s)
d. yes; PbCl2
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Table 11.3

Solubility Rules for Ionic 
Compounds

Handbook

Predicting the Formation of a Precipitate
You have seen that mixing solutions of two ionic compounds can some-
times result in the formation of an insoluble salt called a precipitate. Some
combinations of solutions produce precipitates, while others do not.
Whether or not a precipitate forms depends upon the solubility of the new
compounds that form. You can predict the formation of a precipitate
by using the general rules for solubility of ionic compounds. These rules
are shown in Table 11.3. Will a precipitate form when aqueous solutions of
Na2CO3(aq) and Ba(NO3)2(aq) are mixed?

2Na�(aq) � CO3
2�(aq) � Ba2�(aq) � 2NO3

�(aq) ¡ ?

When these four ions are mixed, the cations could change partners. If
they did, the two new compounds that would form are NaNO3 and BaCO3.
These are the only new combinations of cation and anion possible. To find
out if an exchange will occur, refer to Table 11.3, which gives guidelines for
determining whether ion combinations are soluble. Recall that sodium is
an alkali metal. Rows 1 and 2 tell you that sodium nitrate will not form a
precipitate because alkali metal salts and nitrate salts are soluble. Row 5
indicates that carbonates in general are insoluble. Barium carbonate will
precipitate. In this reaction Na� and NO3

� are spectator ions. The net ionic
equation for this reaction is as follows.

Ba2�(aq) � CO3
2�(aq) ¡ BaCO3(s)

11.3 Section Assessment

30. Key Concept What is a net ionic equation?

31. Key Concept How can you predict the forma-
tion of a precipitate in a double-replacement 
reaction?

32. Write a balanced net ionic equation for each reaction.
        a. Pb(NO3)2(aq) � H2SO4(aq) ¡ PbSO4(s) �

HNO3(aq)
        b. Pb(C2H3O2)2(aq) � HCl(aq) ¡ PbCl2(s) �

HC2H3O2(aq)
         c. Na3PO4(aq) � FeCl3(aq) ¡ NaCl(aq) �

FePO4(s)
        d. (NH4)2S(aq) � Co(NO3)2(aq) ¡ CoS(s) �

NH4NO3(aq)

33. Write a balanced net ionic equation for each reac-
tion. Identify the spectator ions in each reaction.

        a. HCl(aq) � AgNO3(aq) ¡
        b. Pb(C2H3O2)2(aq) � LiCl(aq) ¡
         c. Na3PO4(aq) � CrCl3(aq) ¡
34. Identify the precipitate formed when solutions of 

these ionic compounds are mixed.
        a.  H2SO4 � BaCl2 ¡
        b. Al2(SO4)3 � NH4OH ¡
         c. AgNO3 � H2S ¡

       d.  CaCl2 � Pb(NO3)2 ¡
        e. Ca(NO3)2 � Na2CO3 ¡
35. Will a precipitate form when the following aque-

ous solutions of ionic compounds are mixed?
        a. AgNO3 and Na2SO4

       b. NH4Cl and Ba(NO3)2

        c.  CaCl2 and K2SO4

       d. Pb(NO3)2 and HCl

Limestone Caves Refer to page R13 in the Elements 
Handbook to learn more about the formation of 
limestone caves. What part does acid (hydrogen ion) 
play in the dissolving process? What is the reaction 
that deposits stalactites and stalagmites?

Compounds Solubility

Salts of alkali met-
als and ammonia

Soluble

Nitrate salts and 
chlorate salts

Soluble

Sulfate salts, 
except com-
pounds with Pb2�,
Ag�, Hg2

2�, Ba2�,
Sr2�, and Ca2�

Soluble

Chloride salts, 
except compound 
with Ag�, Pb2�,
and Hg2

2�

Soluble

Carbonates, phos-
phates, chromates, 
sulfides, and 
hydroxides

Most are 
insoluble

withChemASAP

Assessment 11.3 Test yourself 
on the concepts in Section 11.3.
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