CHAPTER 4 THREE MAJOR CLASSES OF
CHEMICAL REACTIONS
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Plan: Review the discussion on the polar nature of water.

Solution:

Water is polar because the distribution of its bonding electrons is unequal, resulting in polar bonds, and the shape
of the molecule (bent) is unsymmetrical.

Plan: Solutions that conduct an electric current contain electrolytes.

Solution:

lons must be present in an aqueous solution for it to conduct an electric current. lons come from ionic compounds
or from other electrolytes such as acids and bases.

Plan: Review the discussion on ionic compounds in water.

Solution:

The ions on the surface of the solid attract the water molecules (cations attract the “negative” ends and anions attract the
“positive” ends of the water molecules). The interaction of the solvent with the ions overcomes the attraction of the
oppositely charged ions for one another, and they are released into the solution.

Plan: Recall that ionic compounds dissociate into their ions when dissolved in water. Examine the charges of the
ions in each scene and the ratio of cations to anions.

Solution:

a) CaCl, dissociates to produce one Ca* ion for every two CI” ions. Scene B contains four 2+ ions

and twice that number of 1-ions.

b) Li,SO, dissociates to produce two Li* ions for every one SO, ion. Scene C contains eight 1+ ions

and half as many 2— ions.

¢) NH,Br dissociates to produce one NH," ion for every one Br~ion. Scene A contains equal numbers of 1+
and 1-ions.

Plan: Write the formula for magnesium nitrate and note the ratio of magnesium ions to nitrate ions.

Solution:

Upon dissolving the salt in water, magnesium nitrate, Mg(NO3),, would dissociate to form one Mg?* ion for every
two NOj™ ions, thus forming twice as many nitrate ions. Scene B best represents a volume of magnesium nitrate
solution. Only Scene B has twice as many nitrate ions (red circles) as magnesium ions (blue circles).

Plan: Review the discussion of ionic compounds in water.

Solution:

In some ionic compounds, the force of the attraction between the ions is so strong that it cannot be overcome by
the interaction of the ions with the water molecules. These compounds will be insoluble in water.

Plan: Review the discussion of covalent compounds in water.

Solution:

Some covalent compounds that contain the hydrogen atom dissociate into ions when dissolved in water. These
compounds form acidic solutions in water; three examples are HCI, HNO3, and HBr.

Plan: Compounds that are soluble in water tend to be ionic compounds or covalent compounds that have polar
bonds. Many ionic compounds are soluble in water because the attractive force between the oppositely charged
ions in an ionic compound are replaced with an attractive force between the polar water molecule and the ions
when the compound is dissolved in water. Covalent compounds with polar bonds are often soluble in water since
the polar bonds of the covalent compound interact with those in water.
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Solution:

a) Benzene, a covalent compound, is likely to be insoluble in water because it is nonpolar and water is polar.
b) Sodium hydroxide (NaOH) is an ionic compound and is therefore likely to be soluble in water.

c) Ethanol (CH3;CH,OH) will likely be soluble in water because it contains a polar —OH bond like water.

d) Potassium acetate (KC,H30,) is an ionic compound and will likely be soluble in water.

Plan: Compounds that are soluble in water tend to be ionic compounds or covalent compounds that have polar
bonds. Many ionic compounds are soluble in water because the attractive force between the oppositely charged
ions in an ionic compound are replaced with an attractive force between the polar water molecule and the ions
when the compound is dissolved in water. Covalent compounds with polar bonds are often soluble in water since
the polar bonds of the covalent compound interact with those in water.

Solution:

a) Lithium nitrate is an ionic compound and is expected to be soluble in water.

b) Glycine (H,NCH,COOH) is a covalent compound, but it contains polar N-H and O—H bonds. This would

the molecule interact well with polar water molecules, and make it likely that it would be soluble.

c) Pentane (CsH1,) has no bonds of significant polarity, so it would be expected to be insoluble in the polar solvent
water.

d) Ethylene glycol (HOCH,CH,OH) molecules contain polar O—H bonds, similar to water, so it would be expected
to be soluble.

Plan: Substances whose aqueous solutions conduct an electric current are electrolytes such as ionic compounds,
acids, and bases.

Solution:

a) Cesium bromide, CsBr, is a soluble ionic compound, and a solution of this salt in water contains Cs* and Br~
ions. Its solution conducts an electric current.

b) Hl is a strong acid that dissociates completely in water. Its aqueous solution contains H and 1™ ions, so it
conducts an electric current.

Plan: Substances whose aqueous solutions conduct an electric current are electrolytes such as ionic compounds,
acids, and bases.

Solution:

a) Potassium sulfate, K,SO,, is an ionic compound that is soluble in water, producing K* and SO,* ions. Its
solution conducts an electric current.

b) Sucrose is neither an ionic compound, an acid, nor a base, so it would be a nonelectrolyte (even though it’s
soluble in water). Its solution does not conduct an electric current.

Plan: To determine the total moles of ions released, write an equation that shows the compound dissociating into
ions with the correct molar ratios. Convert mass and formula units to moles of compound and use the molar ratio
to convert moles of compound to moles of ions.
Solution:
a) Each mole of K;PO, forms 3 moles of K™ ions and 1 mole of PO,* ions, or a total of 4 moles of ions:
K3PO4(s) — 3K'(aq) + PO,* (aq)

4 mol ions
1 mol K4;PO,

b) Each mole of NiBr,+3H,0 forms 1mole of Ni** ions and 2 moles of Br~ ions, or a total of 3 moles of ions:
NiBr,3H,0(s) — Ni*(aq) + 2Br “(aq). The waters of hydration become part of the larger bulk of water.
Convert mass to moles using the molar mass.

Moles of ions = (0.75 mol K3PO4)( ] = 3.0 mol of ions.

Moles of ions = (6.88 x1073g NiBr2-3HZO)[ 1 mol NiBr,-3H,0 j[ 3 mol ions ]

272.54 g NiBr,+3H,0 /| 1 mol NiBr,+3H,0
=7.5732x107° = 7.57x10° mol of ions
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¢) Each mole of FeCl; forms 1mole of Fe** ions and 3 moles of CI™ ions, or a total of 4 moles of ions:
FeCl(s) — Fe**(aq) + 3CI(aq). Recall that a mole contains 6.022x10% entities, so a mole of FeCl; contains
6.022x10% units of FeCls, more easily expressed as formula units.

1 mol FeCl,4 4 mol ions
6.022x10*FU FeCl, )\ 1 mol FeCl,
=0.148124 = 0.148 mol of ions

Moles of ions = (2.23x1022 FU FeCI3)(

Plan: To determine the total moles of ions released, write an equation that shows the compound dissociating into
ions with the correct molar ratios. Convert mass and formula units to moles of compound and use the molar ratio
to convert moles of compound to moles of ions.
Solution:
a) Each mole of Na,HPO, forms 2 moles of Na* ions and 1 mole of HPO,? ions, or a total of 3 moles of ions:
Na,HPO,(s) — 2Na*(aq) + HPO,* (aq).

3 mol ions
1 mol Na,HPO,
b) Each mole of CuSO,4¢5H,0 forms 1 mole of Cu?®* ions and 1 mole of SO, ions, or a total of 2 moles of ions:
CuS0,+5H,0(s) — Cu*?(aq) + SO,*(aq). The waters of hydration become part of the larger bulk of water.
Convert mass to moles using the molar mass.

1 mol CuSO,+5H,0 2 mol ions
249.70 g CuSO,*5H,0 ) { 1 mol CuSO,+5H,0
=3.0907x10 = 3.09x10°* mol of ions

¢) Each mole of NiCl, forms 1 mole of Ni** ions and 2 moles of CI” ions, or a total of 3 moles of ions:
NiCl,(s) — Ni*(aq) + 2CI"(aq). Recall that a mole contains 6.022x10? entities, so a mole of NiCl, contains
6.022x10% units of NiCl,, more easily expressed as formula units.

1 mol NiCl, 3 mol ions
6.022x10°FU NiCl, ){ 1 mol NiCl,
= 4.31418x10°° = 4.31x10° mol of ions

Moles of ions = (0.734 mol NaZHPO4)( J =2.202 = 2.20 mol of ions

Moles of ions =(3.86 g CuSO,*5H,0) [

Moles of ions = (8.66x10% FU NiCIZ)(

Plan: To determine the total moles of ions released, write an equation that shows the compound dissociating into
ions with the correct molar ratios. Convert the information given to moles of compound and use the molar ratio
to convert moles of compound to moles of ions. Avogadro’s number is used to convert moles of ions to numbers
of ions.

Solution:

a) Each mole of AICI; forms 1mole of AI** ions and 3 moles of CI” ions: AICI5(s) — Al**(aq) + 3CI(aq).
Molarity and volume must be converted to moles of AICIs.

-3
Moles of AICI; = (130, mL)[llo EJ(OAE’ mOLI AlCl;
m

] =0.0585 mol AIClI,

1 mol AP*

Moles of AI** = (0.0585 mol AICI,)
1 mol AIClI,

J =0.0585 = 0.058 mol AI*
6.022x10%° AI**

Number of AI** ions = (0.0585 mol AI3+) -
1 mol AI°*

j = 3.52287x 10%? = 3.5x10% AI** ions
3 mol CI”

Moles of CI” = (0.0585 mol AIC|3)[W
mo 3

J =0.1755=0.18 mol CI”

6.022x10% CI~

Number of CI” ions = (0.1755 mol CI)( Lol O
mo

j = 1.05686x10% = 1.1x10% CI” ions
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b) Each mole of Li,SO, forms 2 moles of Li* ions and 1 mole of SO,* ions: Li,SO,(s) — 2Li*(aq) + SO4* (aq).

. _ 1073L |( 2.59 g Li,SO 1 mol Li,SO
Moles of Li,SO, = (9.80 mL){ Tl J[ L = J[log.gs 5 Eizsé)4

J = 2.3085x10™* mol Li,SO,

2 mol Li*

Moles of Li* = (2.3085x10‘4 mol LiZSO4)(m
1290,

j = 4.6170x10™ = 4.62x10™* mol Li*

6.022 x 102 Li*

Number of Li* ions = (4.6170x10‘4 mol Li+) _
1 mol Li*

j =2.7804x10%° = 2.78x10% Li* ions

1 mol SO,*

Moles of SO,* =(2.3085x10~* mol Li,SO, | :
1 mol Li,SO,

J =2.3085x107 = 2.31x10™* mol SO,*

23 2—
Number of SO, ions = (2.3085x10~* mol 5042)[6'022 x 107750, J

1 mol SO,

= 1.39018x10%° = 1.39x10%° SO, ions
¢) Each mole of KBr forms 1 mole of K ions and 1 mole of Br~ ions: KBr(s) — K*(aq) + Br(aq).

_ 107°L [ 3.68x10%® FU KBr 1 mol KBr
Moles of KBr = (245 mL)[ Tl j( - 5 022510° FU KB

J =0.01497 mol KBr

1 mol K*

Moles of K* = (0.01497 mol KBr)[m
mol KBr

J =0.01497 = 1.50x1072 mol K*

6.022x102 K*

Number of K* ions = (0.01497 mol K+)( Lol K
mo

J =0.016x10% = 9.02x10* K" ions

1 mol Br~

Moles of Br~ = (0.01497 mol KBr)(m
mol KBr

J =0.01497 = 1.50x1072 mol Br~

6.022x10% Br~

Number of Br™ ions = (0.01497 mol Br‘)[ Lol Br-
mol Br

j =0.016x10%! = 9.02x10% Br ions

Plan: To determine the total moles of ions released, write an equation that shows the compound dissociating into
ions with the correct molar ratios. Convert the information given to moles of compound and use the molar ratio
to convert moles of compound to moles of ions. Avogadro’s number is used to convert moles of ions to numbers
of ions.

Solution:

a) Each mole of MgCl, forms 1 mole of Mg®* ions and 2 moles of CI™ ions: MgCl,(s) - Mg (aq) + 2CI™(ag).

103 LJ[l.?S mol MgCl,

) =0.154 mol MgCl,

Moles of MgCl, = (88.mL)( Tl -
m

1 mol Mg?*

Moles of Mg?* = (0.154 mol MgCl
J ( J 2)[1 mol MgCl,

J =0.154 = 0.15 mol Mg**
6.022x10% Mg?*

Number of Mg?* ions = (0.154 mol Mg?*
J ( J )( 1 mol Mg?*

J =9.27388x10% = 9.3x10% Mg*" ions
2 mol CI”

Moles of CI” = (0.154 mol MgCIz)[m
mol MgCl,

J =0.308 = 0.31 mol CI”
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6.022x10% CI~
1 mol CI”

b) Each mole of Al,(SO,); forms 2 moles of AI** ions and 3 moles of SO,* ions:
Al,(S0,4)3(s) — 2AI¥ (aq) + 350,47 (aq).

Moles of Al,(SO,)s = (321 mL)(ll03 LJ[O-ZZ g Aly(SO4)s J( 1 mol Al,(SO,), j

Number of CI” ions = (0.308 mol u)( ] = 1.854776x10% = 1.9x10% CI” ions

mL 1L 342.17 g Al,(SO,);
=2.06389x10™ mol Al,(SO.,)3

2 mol AI**

Moles of AI** = (2.06389x10~* mol Al (SO, ), )| o ——
1 mol Al,(SO,),

J =4.12777x107* = 4.1x10™* mol AP

6.022x102 AI%*

Number of AI** ions = (4.12777x10’4 mol AI3*) -
1 mol AIP*

j =2.4857x10% = 2.5x10%° AI** ions

3mol SO,*

Moles of SO, = (2.06389x10°* mol A'Z(SO‘*)S)(W
2 473

] =6.191659x10™* = 6.2x10™* mol SO,*

23 2—
Number of SO, ions = (6.191659x10~* mol 3042)(6'022"10 50, ]

1 mol SO,*~

= 3.7286x10%° = 3.7x10%° SO,* ions
¢) Each mole of CsNO; forms 1 mole of Cs* ions and 1 mole of NO3™~ ions: CsNO5(s) — Cs*(aq) + NOs™(aq)

8.83x10%! FU CsNO, 1 mol CsNO,
L 6.022x10% FU CsNO,

Moles of CSNO; = (1.65 L)( J =0.024194 mol CsNO4
1 mol Cs*

Moles of Cs* = (0.024194 mol CsN%)(m
mol CsNO,

j =0.024194 = 0.0242 mol Cs*
6.022x10% Cs*

Number of Cs" ions = (0.024194mol cf)( s
mol Cs

J = 1.45695x10% = 1.46x10% Cs" ions

1 mol NO;~

Moles of NOg_ = (0024194 mol CSNO:‘})[W
mol Cs 3

J =0.024194 = 0.0242 mol NO;~

6.022x10% NO,~
1 mol NO5~

Number of NO3™ ions = (0.024194 mol NO{)[ j = 1.45695x10% = 1.46x10% NO4~ ions

4.16  Plan: The acids in this problem are all strong acids, so you can assume that all acid molecules dissociate
completely to yield H" ions and associated anions. One mole of HCIO,, HNO3 and HCI each produce one mole
of H* upon dissociation, so moles H* = moles acid. Calculate the moles of acid by multiplying the molarity
(moles/L) by the volume in liters.
Solution:
a) HCIO,(aq) — H'(aq) + ClO,™(aq)

Moles H' = mol HCIO, = (L.40 L)(%ﬁ”o'j =0.35 mol H'*

b) HNO3(aq) — H'(aq) + NO3™(aq)

-3
Moles H* = mol HNO; = (6.8 mL)[lo LJ(O.QZ mol

=6.256x107% = 6.3x107° mol H*
1mL 1L

¢) HCI(aq) — H'(aq) + Cl(aq)
Moles H* = mol HCI = (2.6 L)(%mej= 0.221 = 0.22 mol H*
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Plan: The acids in this problem are all strong acids, so you can assume that all acid molecules dissociate
completely to yield H" ions and associated anions. One mole of HBr, HI, and HNO; each produce one mole of
H* upon dissociation, so moles H* = moles acid. Calculate the moles of acid by multiplying the molarity
(moles/L) by the volume in liters.

Solution:

a) HBr(ag) — H'(aq) + Br(aq)

Moles H" = mol HBr = (1.4 mL)
1mL 1L

-3
10 LJ[O'F’ mo'j = 1.05x10° = 1.0x10° mol H*

b) Hi(ag) — H'(aq) + I'(aq)

-3
Moles H* = mol HI = (2.47 mL)[lo LJ[l.gs mol

1mL 1L
¢) HNOg(aq) — H'(aq) + NO3™(aq)

j = 4.8906x10~ = 4.89x107 mol H*

3
Moles H" = mol HNO; = (395 mL)(lO Lj(O.Z?O mol

=0.10665 = 0.107 mol H*
1mL 1L

Plan: Convert the mass of the seawater in kg to g and use the density to convert the mass of the seawater to
volume in L. Convert mass of each compound to moles of compound and then use the molar ratio in the
dissociation of the compound to find the moles of each ion. The molarity of each ion is the moles of ion divided
by the volume of the seawater. To find the total molarity of the alkali metal ions [Group 1A(1)], add the moles of
the alkali metal ions and divide by the volume of the seawater. Perform the same calculation to find the total
molarity of the alkaline earth metal ions [Group 2A(2)] and the anions (the negatively charged ions).

Solution:

a) The volume of the seawater is needed.

3 3 -3
Volume (L) of seawater =(1.00 kg) 107g || _cm L mI; 1070 0.97560976 L
1kg /11.0259 )\ 1cm 1mL

The moles of each ion are needed. If an ion comes from more than one source, the total moles are needed.
NacCl:

Each mole of NaCl forms 1 mole of Na* ions and 1 mole of CI~ ions: NaCl(s) — Na*(aq) + Cl~(aq)
1 mol NaCl
58.44 g NaCl

Moles of NaCl = (26.5 g NaCI)[ J = 0.4534565 mol NaCl

1 mol Na*

Moles of Na* = (0.4534565 mol NaCI)(1 TNaC
mol Na

J = 0.4534565 mol Na*

Moles of CI = (0.4534565 mol NaCl)| —"2 1| = g 4534565 mol cI
1 mol NaCl
MgCIZ:
Each mole of MgCl, forms 1 mole of Mg?* ions and 2 moles of CI™ ions: MgCl,(s) — Mg**(aq) + 2Cl(aq)
Moles of MgCl, = (2.40 g MgCl, ) _Lmol MgCl, | _ 0.025207 mol MgCl,
95.21 g MgCl,

1 mol Mg?*

Moles of Mg®* = (0.025207 mol MgCl,)
1 mol MgCl,

J =0.025207 mol Mg?**
2 mol CI~

Moles of CI” = (0.025207 mol MgC'z)(m
mol MgCl,

J =0.050415 mol CI”

MgSO4:
Each mole of MgSO, forms 1 mole of Mg?* ions and 1 mole of SO,* ions: MgS0,(s) — Mg (aq) + SO,*(aq)
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1 mol MgSO,

Moles of MgSO, = (3.35 g MgSOQ(W
) 4

j =0.0278285 mol MgSO,
1 mol Mg?*

Moles of Mg®* = (0.0278285 mol MgSO, )| ——————
1 mol MgSO,

J = 0.0278285 mol Mg**
1 mol SO,

Moles of SO,* = (0.0278285 mol MgSOQ[m
mol MgSO,

] =0.0278285 mol SO,*

CaCIZ:
Each mole of CaCl, forms 1 mole of Ca** ions and 2 moles of CI” ions: CaCl,(s) — Ca*'(aq) + 2Cl™(aq)

Moles of CaCl, = (1.20 g CaC'Z)[no.% g CaCl, )| 1 mol CaCl,

2+
1 mol CaCl, ]( 1 mol Ca ] = 0.0108128 mol CaCl,

1 mol Ca®*

Moles of Ca®* = (0.0108128 mol CaCl, )| ————
1 mol CaCl,

J =0.0108128 mol Ca?"
2 mol CI™

Moles of CI” = (00108128 mol CaCIZ)(m
mol CaCl,

j =0.0216255 mol CI”

KCI:
Each mole of KCI forms 1 mole of K* ions and 1 mole of CI” ions: KCI(s) — K*(aq) + Cl™(aq)

1 mol KCI

204

J =0.0140845 mol KCI

1 mol K*

Moles of K =(0.0140845 mol KCI)[m
mo

] =0.0140845 mol K*

Moles of CI = (0.0140845 mol Kcl)| =M C1 1 — ¢ 0140845 mol cr
1 mol KCI
NaHCOs;:
Each mole of NaHCO; forms 1 mole of Na* ions and 1 mole of HCO5™ ions: NaHCO3(s) — Na*(aq) + HCO; (aq)

1 mol NaHCO;4
84.01 g NaHCO,

Moles of NaHCO; = (0.315 g Nchog)[ ] =0.00374955 mol NaHCOj;
1 mol Na*

Moles of Na* =(0.00374955 mol NaHCOQ[m
mol NaHCO,

J =0.00374955 mol Na*
1 mol HCO;~

Moles of HCO3™ = (0.00374955 mol NaHCOS)[m
mo a 3

] = 0.00374955 mol HCO3~

NaBr
Each mole of NaBr forms 1 mole of Na* ions and 1 mole of Br~ ions: NaBr(s) — Na'(aq) + Br (aq)

1 mol NaBr

Moles of NaBr = (0098 g NaBr)[m
. g Nabr

] =0.0009524735 mol NaBr
1 mol Na*

Moles of Na* =(0.0009524735 mol NaBr)(1 NGB
mol NaBr

J =0.0009524735 mol Na*
1 mol Br~

Moles of Br = (0.0009524735 mol NaBr){m
mol NaBr

] = 0.0009524735 mol Br-
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Total moles of each ion:
Cl: 0.4534565 + 0.050415 + 0.0216255 + 0.0140845 = 0.5395815 mol CI
Na': 0.4534565 + 0.00374955 + 0.0009524735 = 0.458158523 mol Na*
Mg®:  0.025207 + 0.0278285 = 0.0530355 mol Mg**
S0,%: 0.0278285 mol SO,*
Ca*":  0.0108128 mol Ca**
K" 0.0140845 mol K*
HCO;™: 0.00374955 mol HCO;~
Br: 0.0009524735 mol Br-
Dividing each of the numbers of moles by the volume (0.97560976 L) and rounding to the proper number of
significant figures gives the molarities.

M:m_OI
L

I = 0.5395815 mol CI~

MC = 055307 = 0.553 M CI”
0.97560976 L
.
M Na = Q49819823 molNa” _ 169615 = 0.470 M Na®
0.97560976 L
2+
M Mgz = 2093035 ML MG _ 54361 = 0.0544 M Mg?*

0.97560976 L

2
M 50,z = 20278285 ol SO,™ _ 4 jo0css — 0.0285 M SO,>
0.97560976 L

0.0108128 mol Ca?*
0.97560976 L

+_ 0.0140845 mol K*
0.97560976 L

M HCO,- = 200374955 mol HCOs  _ 439045 - 00384 M HCO.-
0.97560976 L

M - = 20009524785 Mol Br _ ) 339763 = 0 00098 M Br-
0.97560976 L

b) The alkali metal cations are Na" and K*. Add the molarities of the individual ions.
0.469612 M Na" + 0.014437 M K" = 0.484049 = 0.484 M total for alkali metal cations
c) The alkaline earth metal cations are Mg?* and Ca**. Add the molarities of the individual ions.
0.054361 M Mg®* + 0.011083 M Ca®* = 0.065444 = 0.0654 M total for alkaline earth cations
d) The anions are CI", SO,*, HCO5", and Br~. Add the molarities of the individual ions.
0.55307 M CI™ + 0.028524 M SO,* + 0.003843 M HCO;™ + 0.0009763 M Br~
=0.5864133 = 0.586 M total for anions

M Ca?* = =0.011083 = 0.0111 M Ca**

MK =0.014437 = 0.0144 M K*

4.19  Plan: Use the molarity and volume of the ions to find the moles of each ion. Multiply the moles of each ion by
that ion’s charge to find the total moles of charge. Since sodium ions have a +1 charge, the total moles of charge
equals the moles of sodium ions.

Solution:

Moles of Ca2* = (1.0x103 L = 15 mol Ca?*

) 0.015 mol Ca2*
L
2 mol charge

Moles of charge from Ca®* = (15 mol Caz*)( 1 mol Ca"
mol Ca

J = 30. mol charge from Ca*
0.0010 mol Fe*

Moles of Fe3* = (1.0x103 L)( -

] = 1.0 mol Fe**
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3 mol charge
1 mol Fe®*
Total moles of charge = 30. mol + 3.0 mol = 33 mol charge
1 mol Na*
1 mol charge

Moles of charge from Fe** = (1.0 mol Fe3*)( J = 3.0 mol charge from Fe**

Moles Na* = (33 mol charge){ } =33 mol Na"

4.20  Plan: Write the total ionic and net ionic equations for the reaction given. The total ionic equation shows all
soluble ionic substances dissociated into ions. The net ionic equation eliminates the spectator ions. New
equations may be written by replacing the spectator ions in the given equation by other spectator ions.
Solution:

The reaction given has the following total ionic and net ionic equations:

Total ionic equation: Ba®*(aq) + 2NO3(aq) + 2Na*(ag) + CO;* (aq) — BaCOs(s) + 2Na*(aqg) + 2NO;(aq)
The spectator ions are underlined and are omitted:

Net ionic equation: Ba**(aq) + CO3%(aq) — BaCOs(s)

New equations will contain a soluble barium compound and a soluble carbonate compound.

The “new” equations are:

Molecular: BaCl,(aq) + K,CO3(aq) — BaCO;(s) + 2KCl(aq)

Total ionic: Ba?*(aq) + 2Cl (aq) + 2K*(aq) + CO3*(aq) — BaCOs(s) + 2K*(aq) + 2CI(aq)

Molecular: BaBr,(aq) + (NH,4),CO3(aq) — BaCOs3(s) + 2NH,Br(aq)

Total ionic: Ba?*(aq) + 2Br(aq) + 2NH,*(aq) + CO5*(aq) — BaCO;(s) + 2NH,*(aq) + 2Br(aq)

4.21 If the electrostatic attraction between the ions is greater than the attraction of the ions for water molecules, the ions
will form a precipitate. This is the basis for the solubility rules.

4.22 Plan: Write the new cation-anion combinations as the products of the reaction and use the solubility rules to
determine if any of the new combinations are insoluble. The spectator ions are the ions that are present in
the soluble ionic compound.
Solution:
a) Ca(NOs3),(aq) + 2NaCl(ag) — CaCl,(aq) + 2NaNO3(aq)
Since the possible products (CaCl, and NaNOj3) are both soluble, no reaction would take place.
b) 2KCl(ag) + Pb(NO3),(agq) — 2KNOz(aq) + PbCl,(s)
According to the solubility rules, KNOj is soluble but PbCl, is insoluble so a precipitation reaction takes place.
The K" and NO3;~ would be spectator ions, because their salt is soluble.

4.23  Plan: Use the solubility rules to predict the products of this reaction. lons not involved in the precipitate are
spectator ions and are not included in the net ionic equation.
Solution:
Assuming that the left beaker is AgNO; (because it has gray Ag” ions) and the right must be NaCl, then the NO3~
is blue, the Na* is brown, and the CI™ is green. (CI~ must be green since it is present with Ag” in the precipitate in
the beaker on the right.)
Molecular equation: AgNO3(aqg) + NaCl(aq) — AgCI(s) + NaNOz(aq)
Total ionic equation: Ag*(aq) + NO;™(aq) + Na'(aq) + Cl~(aq) — AgCI(s) + Na*(aq) + NO;(aq)
Net ionic equation: Ag*(aq) + Cl~(ag) — AgCI(s)

4.24  Plan: Write the new cation-anion combinations as the products of the reaction and use the solubility rules to
determine if any of the new combinations are insoluble. The total ionic equation shows all
soluble ionic substances dissociated into ions. The spectator ions are the ions that are present in
the soluble ionic compound. The spectator ions are omitted from the net ionic equation.
Solution:
a) Molecular: Hg;(NO3),(aq) + 2KlI(ag) — Hg.l,(s) + 2KNOz(aq)
Total ionic: Hg,* (aq) + 2NO5(aq) + 2K*(aq) + 217(ag) — Hg.l,(s) + 2K*(aq) + 2NO;(aq)
Net ionic: Hg,**(aq) + 21 (aq) — Hg,14(S)
Spectator ions are K* and NO3™.
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4.25

4.26

4.27

4.28

b) Molecular: FeSO4(aq) + Sr(OH),(aq) — Fe(OH)(s) + SrSO4(s)
Total ionic: Fe**(aq) + SO,*(aq) + Sr**(aq) + 20H(aq) — Fe(OH),(s) + SrSO,(s)
Net ionic: This is the same as the total ionic equation because there are no spectator ions.

Plan: Write the new cation-anion combinations as the products of the reaction and use the solubility rules to
determine if any of the new combinations are insoluble. The total ionic equation shows all
soluble ionic substances dissociated into ions. The spectator ions are the ions that are present in
the soluble ionic compound. The spectator ions are omitted from the net ionic equation.
Solution:
a) Molecular: 3CaCl,(aq) + 2Cs3P0O4(aqg) — Cas(PO4)2(s) + 6CsCl(aq)
Total ionic: 3Ca®*(aq) + 6CI(aq) + 6Cs’(aq) + 2P0,*(aq) — Cas(PO,),(s) + 6Cs’(aq) + 6CI™(aq)
Net ionic: 3Ca**(aq) + 2P0,*(ag) — Ca3(PO.),(s)
Spectator ions are Cs* and CI".
b) Molecular: Na,S(aq) + ZnSO,(aq) — ZnS(s) + Na,SO4(aq)
Total ionic: 2Na*(aq) + S*(aqg) + Zn**(aq) + SO,*(ag) — ZnS(s) + 2Na*(aq) + SO4*(aq)
Net ionic: Zn®*(aq) + S*"(aq) — ZnS(s)
Spectator ions are Na" and SO 2.

Plan: A precipitate forms if reactant ions can form combinations that are insoluble, as determined by the solubility
rules in Table 4.1. Create cation-anion combinations other than the original reactants and determine if they are
insoluble. Any ions not involved in a precipitate are spectator ions and are omitted from the net ionic equation.
Solution:
a) NaNOj(aq) + CuSO4(agq) — Na,SO,(aq) + Cu(NO3),(aq)
No precipitate will form. The ions Na* and SO, will not form an insoluble salt according to the first solubility
rule which states that all common compounds of Group 1A ions are soluble. The ions Cu®* and NO3~ will not
form an insoluble salt according to the solubility rule #2: All common nitrates are soluble. There is no reaction.
b) A precipitate will form because silver ions, Ag®, and bromide ions, Br-, will combine to form a solid salt, silver
bromide, AgBr. The ammonium and nitrate ions do not form a precipitate.

Molecular: NH4Br(aq) + AgNO3(aq) — AgBr(s) + NH;NOs(aq)

Total ionic: NH,*(aq) + Br(aq) + Ag*(aq) + NO5; (aq) — AgBr(s) + NH,*(aq) + NO; (aq)

Net ionic: Ag*(aq) + Br (ag) — AgBr(s)

Plan: A precipitate forms if reactant ions can form combinations that are insoluble, as determined by the solubility
rules in Table 4.1. Create cation-anion combinations other than the original reactants and determine if they are
insoluble. Any ions not involved in a precipitate are spectator ions and are omitted from the net ionic equation.
Solution:
a) Barium carbonate (BaCOs) precipitates since the solubility rules state that all common carbonates are
insoluble.

Molecular: K,CO3(aq) + Ba(OH),(ag) — BaCO3(s) + 2KOH(aq)

Total ionic: 2K*(aq) + CO3* (aq) + Ba**(aq) + 20H (ag) — BaCO3(s) + 2K*(aq) + 20H(aq)

Net ionic: Ba®*(aq) + CO5*(aq) — BaCOs(s)
b) Aluminum phosphate (AIPO,) precipitates since most common phosphates are insoluble; the sodium nitrate is
soluble.

Molecular: AI(NO3z)3(aqg) + NazPO4(aqg) — AIPO,(s) + 3NaNO;z(aq)

Total ionic: AI**(aq) + 3NO;(ag) + 3Na'(aq) + PO,*(ag) — AIPO,4(s) + 3Na*(aqg) + 3NO;(aq)

Net ionic: Al**(aq) + PO, (aq) — AIPO,(s)

Plan: Write a balanced equation for the chemical reaction described in the problem. By applying the solubility
rules to the two possible products (NaNO3 and Pbl,), determine that Pbl, is the precipitate. By using molar
relationships, determine how many moles of Pb(NO3), are required to produce 0.628 g of Pbl,. The molarity is
calculated by dividing moles of Pb(NOs), by its volume in liters.

Solution:

The reaction is: Pb(NO3),(aq) + 2Nal(ag) — Pbl,(s) + 2NaNOz(aq).
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4.29

4.30

431

Moles of Pb(NO;), = (0.628 g Pblz)[ 1 mol Pbl, J[l mol Pb(NO5),

461.0 g Pbl, 1 mol Pbl,

Moles of Pb?* = moles of Pb(NO3), = 0.001362256 mol Pb**
moles Pb?* _ 0.001362256 mol( 1mL

volume of Pb2* 38.5 mL 10° L

] =0.001362256 mol Pb(NO3),

Molarity of Pb** = j =0.035383 = 0.0354 M Pb**

Plan: Write a balanced equation for the chemical reaction described in the problem. By applying the solubility
rules to the two possible products (KNO3; and AgCl), determine that AgCl is the precipitate. By using molar
relationships, determine how many moles of AgNO3 are required to produce 0.842 g of AgCl. The molarity is
calculated by dividing moles of AgNQ; by its volume in liters.

Solution:

The reaction is AgNO3(aq) + KCl(agq) — AgCI(s) + KNO3(aq).

1 mol AgCl J(l mol AgNO,

143.4 g AgCl )| 1 mol AgCl
Moles of Ag* = moles of AgNO; = 0.0058717 mol Ag*

moles Ag® _ 0.0058717 mol( 1mL
volume of Ag* © 250mL 10 L

Moles of AgNO; = (0.842 g AgCI)( ) =0.0058717 mol AgNO;

Molarity of Ag* = j =0.2348675 =0.235 M Ag"

Plan: A precipitate forms if reactant ions can form combinations that are insoluble, as determined by the solubility
rules in Table 4.1. Create cation-anion combinations other than the original reactants and determine if they are
insoluble. Any ions not involved in a precipitate are spectator ions and are omitted from the net ionic equation.
Use the molar ratio in the balanced net ionic equation to calculate the mass of product.

Solution:

a) The yellow spheres cannot be CIO,™ or NO3™ as these ions form only soluble compounds. So the yellow sphere
must be SO,*". The only sulfate compounds possible that would be insoluble are Ag,SO,4 and PbSO,. The
precipitate has a 1:1 ratio between its ions. Ag,SO, has a 2:1 ratio between its ions. Therefore the blue spheres
are Pb?" and the yellow spheres are SO,%". The precipitate is thus PbSO,.

b) The net ionic equation is Pb*(aq) + SO,* (ag) - PbSO,(s).

5.0x10* mol Pb** [1 mol PbSO4j 303.3 g PbSO,
1 Pb?* sphere 1 mol Pb?* 1 mol PbSO,

c) Mass (g) of PbSO, =(1O Pb%* spheres)(
=1.5165=1.5g PbSO,

Plan: A precipitate forms if reactant ions can form combinations that are insoluble, as determined by the solubility
rules in Table 4.1. Create cation-anion combinations other than the original reactants and determine if they are
insoluble. Any ions not involved in a precipitate are spectator ions and are omitted from the net ionic equation.
Use the molar ratio in the balanced net ionic equation to calculate the mass of product.
Solution:
a) There are 9 purple spheres representing cations and 7 green spheres representing anions. In the precipitate,
there are 8 purple spheres (cations) and 4 green spheres (anions), indicating a 2:1 ratio between cation and anion
in the compound. Only Reaction 3 produces a precipitate (Ag,SO,) fitting this description:
Li,SO4(aq) + 2AgNO3z(ag) — 2LiINOz(aq) + Ag,SO4(s)
Reaction 1 does not produce a precipitate since all common nitrate and chloride compounds are soluble. Reaction
2 does not produce a precipitate since all common perchlorate and chloride compounds are soluble. Reaction 4
produces a precipitate, PbBr,, but it has a cation:anion ratio of 1:2, instead of 2:1.
Total ionic equation for Reaction 3 =

2Li"(aqg) + SO4* (aq) + 2Ag*(ag) +2NOs (ag) — 2Li*(ag) + 2NO5™(aq) + Ag2SO4(s)
Net ionic equation = 2Ag*(aq) + SO,*(agq) — Ag,SO,(s)
b) There are 4 unreacted spheres of ions.

2.5x1072 mol ions [ 6.022x10% ions
1 sphere 1 mol ions

Number of ions = (4 spheres)( J = 6.022x10% = 6.0x10% ions
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4.32

4.33

4.34

c) Mass (g) of solid =

_3 2 .
(4 spheres of 50, ions)[z.sxlo mol SO, |ons](l mol Ag,SO, J{:«;n.g g AgZSO4]

1 sphere 1mol SO, )| 1mol Ag,SO,
=3.119 = 3.1 g solid

Plan: Write a balanced equation for the reaction. Find the moles of AgNO; by multiplying the molarity and
volume of the AgNO; solution; use the molar ratio in the balanced equation to find the moles of CI™ present in the
25.00 mL sample. Then, convert moles of CI™ into grams, and convert the sample volume into grams using the
given density. The mass percent of CI is found by dividing the mass of CI™ by the mass of the sample volume and
multiplying by 100.

Solution:

The balanced equation is AgNO3(aq) + ClI"(ag) — AgCI(s) + NO3 (aq).

-3
Moles of AgNO; = (53.63 mL)(ll0 tJ[O.2970 mEI AgNO;
m

j =0.01592811 mol AgNO;

Mass (g) of CI” = (0.01592811 mol AgNO3)[ 1 mol CI ](35'45 g Cl

=0.56465 g CI”
1 mol AgNO; /| 1 mol CI~

Mass (g) of seawater sample = (25.00 mL)(%j =25.60 g sample
m

Mass % CI™ = _mass CI” X 100% = 0.56465g CI™
mass sample 25.60 g sample

x 100% =2.20566 = 2.206% CI”

Plan: Write the reaction between aluminum sulfate and sodium hydroxide and check the solubility rules to
determine the precipitate. Spectator ions are omitted from the net ionic equation. Find the moles of sodium
hydroxide by multiplying its molarity by its volume in liters; find the moles of aluminum sulfate by converting
grams per liter to moles per liter and multiplying by the volume of that solution. To determine which reactant is
limiting, calculate the amount of precipitate formed from each reactant, assuming an excess of the other reactant,
using the molar ratio from the balanced equation. The smaller amount of precipitate is the answer.
Solution:
a) According to the solubility rules, most common sulfate compounds are soluble, but most common hydroxides
are insoluble. Aluminum hydroxide is the precipitate.
Total ionic equation: Al,(SO,)3(aq) + 6NaOH(aq) — 3Na,S0,4(aq) + 2AI(OH)3(s)
Net ionic equation: AI**(ag) + 30H (aq) — AI(OH)5(s)

10° L )(15.8 g Aly(SO,); \( 1 mol Al,(SO,);
1mL L 342.17 g Al,(SO,);
=0.028952 mol A|2(804)3

b) Moles of Al;(SO4); = (627 mL)[

Mass (g) of AI(OH); from Al,(SO,); = (0.028952 mol A|2(504)3)[ 2 mol Al(OH), ](78.00 g AI(OH)3J

1 mol Al,(SO,); /U 1 mol Al(OH),
= 45166 g Al(OH);
-3
Moles of NaOH = (185.5 m|_)(110 tj(O.SGS mE' NaOHj = 00988715 mol NaOH
m

Mass (g) of Al(OH); from NaOH = (0.0988715 mol NaOH)(Z mol A(OH), j(m.oo g AKOH)?’]

6 mol NaOH 1 mol AI(OH),

=2.570659 = 2.57 g AI(OH);
NaOH is the limiting reagent.

Plan: Write the chemical reaction between the two reactants. Then write the total ionic equation in which all
soluble ionic substances are dissociated into ions. Omit spectator ions in the net ionic equation.
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4.36

4.37

4.38

Solution:
The molecular equation is  H,SO4(aq) + Sr(OH),(aq) — SrSO4(s) + 2H,0(I)
The total ionic equation is:
2H*(aq) + SO,*(aq) + Sr**(aqg) + 20H(aq) — SrS04(s) + 2H,0(l)
According to the solubility rules, SrSO, is insoluble and therefore does not dissociate into ions.
Since there are no spectator ions, the total and net ionic equations are the same.

Plan: Review the section on acid-base reactions.

Solution:

a) Any three of HCI, HBr, HI, HNO3, H,SOy4, or HCIO,

b) Any three of NaOH, KOH, Ca(OH),, Sr(OH),, Ba(OH),

c) Strong acids and bases dissociate