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CHEM 101 Answer to Homework Problems (4th edition)  

Chapter 4 

4.7 

When NaCl dissolves in water it dissociates into Na and Cl ions.  When the ions are hydrated, 

the water molecules will be oriented so that the negative end of the water dipole interacts with 

the positive sodium ion, and the positive end of the water dipole interacts with the negative 

chloride ion.  The negative end of the water dipole is near the oxygen atom, and the positive end 

of the water dipole is near the hydrogen atoms.  The diagram that best represents the hydration of 

NaCl when dissolved in water is diagram (c). 

 

4.19 

Strategy: Although it is not necessary to memorize the solubilities of compounds, you should 

keep in mind the following useful rules:  all ionic compounds containing alkali metal 

cations, the ammonium ion, and the nitrate, bicarbonate, and chlorate ions are soluble.  

For other compounds, refer to Tables 4.2 and 4.3 of the text. 

Solution: a. Ca3(PO4)2 is insoluble.  Most phosphate compounds are insoluble. 

b. Mn(OH)2 is insoluble.  Most hydroxide compounds are insoluble. 

c. AgClO3 is soluble.  All chlorate compounds are soluble. 

d. K2S is soluble.  All compounds containing alkali metal cations are soluble. 

 

 

4.21 

Strategy: Recall that an ionic equation shows dissolved ionic compounds in terms of their free 

ions.  What ions do the aqueous solutions contain before they are combined?  A net 

ionic equation shows only the species that actually take part in the reaction.   
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Solution: a. In solution, AgNO3 dissociates into Ag+ and NO 3
  ions and Na2SO4 dissociates into 

Na+ and SO 2
4
  ions.  According to Tables 4.2 and 4.3 of the text, silver ions (Ag+) 

and sulfate ions (SO 2
4
 ) will form an insoluble compound, silver sulfate (Ag2SO4), 

while the other product, NaNO3, is soluble and remains in solution.  This is a 

precipitation reaction.  The balanced molecular equation is: 

2AgNO3(aq) + Na2SO4(aq) →  Ag2SO4(s) + 2NaNO3(aq) 

The ionic and net ionic equations are: 

Ionic:   

2Ag+(aq) + 2NO 3
 (aq) + 2Na+(aq) + SO 2

4
 (aq)  →  Ag2SO4(s) + 2Na+(aq) +2NO

3
 (aq) 

Net ionic:   

2Ag+(aq) + SO 2
4
 (aq)  →  Ag2SO4(s) 

b. In solution, BaCl2 dissociates into Ba2+ and Cl ions and ZnSO4 dissociates into 

Zn2+ and SO 2
4
  ions.  According to Tables 4.2 and 4.3 of the text, barium ions 

(Ba2+) and sulfate ions (SO 2
4
 ) will form an insoluble compound, barium sulfate 

(BaSO4), while the other product, ZnCl2, is soluble and remains in solution.  This is 

a precipitation reaction.  The balanced molecular equation is: 

BaCl2(aq) + ZnSO4(aq) →  BaSO4(s) + ZnCl2(aq) 

The ionic and net ionic equations are: 

Ionic:   

Ba2+(aq) + 2Cl–(aq) + Zn2+(aq) + SO 2
4
 (aq)  →  BaSO4(s) + Zn2+(aq) + 2Cl–(aq) 

Net ionic:   

Ba2+(aq) + SO 2
4
 (aq)  →  BaSO4(s) 

c. In solution, (NH4)2CO3 dissociates into NH 4
  and CO 2

3
  ions and CaCl2 dissociates 

into Ca2+ and Cl ions.  According to Tables 4.2 and 4.3 of the text, calcium ions 

(Ca2+) and carbonate ions (CO 2
3
 ) will form an insoluble compound, calcium 

carbonate (CaCO3), while the other product, NH4Cl, is soluble and remains in 
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solution.  This is a precipitation reaction.  The balanced molecular equation is: 

(NH4)2CO3(aq) + CaCl2 (aq) →  CaCO3(s) + 2NH4Cl(aq) 

Ionic:   

2NH 4
 (aq) + CO 2

3
 (aq) + Ca2+(aq) + 2Cl–(aq) → CaCO3(s) + 2NH 4

 (aq) +2Cl–

(aq) 

Net ionic:   

Ca2+(aq) + CO 2
3
 (aq)  →  CaCO3(s) 

 

4.31 

Strategy: What are the characteristics of a Brønsted acid?  Does it contain at least an H atom?  

With the exception of ammonia, most Brønsted bases that you will encounter at this 

stage are anions. 

Solution: a. PO 3
4
  in water can accept a proton to become HPO 2

4
 , and is thus a Brønsted base. 

b. ClO2
 in water can accept a proton to become HClO2, and is thus a Brønsted base. 

c. NH 4
  dissolved in water can donate a proton H+, thus behaving as a Brønsted acid. 

d. HCO 3
  can either donate a proton to yield H+ and CO 2

3
 , thus behaving as a 

Brønsted acid. Or, HCO 3
  can accept a proton to become H2CO3, thus behaving as 

a Brønsted base.   

 

 

4.41 

Strategy: In order to break a redox reaction down into an oxidation half-reaction and a 

reduction half-reaction, you should first assign oxidation numbers to all the atoms in 

the reaction.  In this way, you can determine which element is oxidized (loses 

electrons) and which element is reduced (gains electrons). 



4 
 

Solution: In each part, the reducing agent is the reactant in the first half-reaction and the 

oxidizing agent is the reactant in the second half-reaction.  

a. The product is an ionic compound whose ions are Sr2+ and O2.  The half-reactions 

are 

2Sr  →  2Sr2+ + 4e  and  O2 + 4e  →  2O2 

Sr is the reducing agent.  O2 is the oxidizing agent. 

b. The product is an ionic compound whose ions are Li+ and H.  The half-reactions 

are 

2Li  →  2Li+ + 2e  and  H2 + 2e  →  2H 

Li is the reducing agent.  H2 is the oxidizing agent. 

c. The product is an ionic compound whose ions are Cs+ and Br.  The half-reactions 

are 

2Cs  →  2Cs+ + 2e   and   Br2 + 2e  →  2Br 

Cs is the reducing agent.  Br2 is the oxidizing agent. 

d. The product is an ionic compound whose ions are Mg2+ and N3.  The half-

reactions are 

3Mg  →  3Mg2+ + 6e   and  N2 + 6e  →  2N3 

Mg is the reducing agent.  N2 is the oxidizing agent. 

 

4.61 

Since the problem asks for moles of solute (MgCl2), you should be thinking that you can 

calculate moles of solute from the molarity and volume of solution.  

mol  =  M  L 

60.0 mL  =  0.0600 L 

2
2

0.100 mol MgCl
mol MgCl × 0.0600 L soln

1 L soln
   -3

26.00 × 10 mol MgCl  
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4.83 

The net ionic equation is: 

Ag+(aq) + Cl–(aq)  →  AgCl(s) 

One mole of Cl is required per mole of Ag+.  First, find the number of moles of Ag+. 

+
+ 2 3 +0.0113 mol Ag

mol Ag (2.50 10 mL soln) 2.825 10 mol Ag
1000 mL soln

      

Now, calculate the mass of NaCl using the mole ratio from the balanced equation. 

3 1 mol Cl 1 mol NaCl 58.44 g NaCl
(2.825 10 mol Ag )

1 mol NaCl1 mol Ag 1 mol Cl


 

 
     0.165 g NaCl  


