CHEMISTRY 11

Quantities in
Chemical Reactions

Solutions for Practice Problems
Student Textbook page 237

1. Problem

Consider the following reaction.
2H2(g) + Oz(g) — ZHzo(@)

(a) Write the ratio of Hy molecules: O, molecules: H;O molecules.

(b) How many molecules of O, are required to react with 100 molecules of Hj,
according to your ratio in part (a)?

(¢) How many molecules of water are formed when 2478 molecules of O, react with
Hjy?

(d) How many molecules of H; are required to react completely with 6.02 x 10?3
molecules of O,?

What Is Required?

(@) You need to give the ratio of molecules in the reaction.

(b) You need to find the number of O, molecules that will react with the given
number of H, molecules.

(c) You need to find the number of water molecules that will form from the given
number of reactants.

(d) You need to find the number of H, molecules that will react with the given
number of O, molecules.

What Is Given?
The balanced equation for the reaction is given. The number of molecules of
reactants or products is given in each question.

Plan Your Strategy

(@) The ratio is given by the whole number in front of each reactant and product in
the balanced equation.

(b) Equate the ratio of number of molecules to the whole number ratio obtained in
(a) for hydrogen:oxygen, and solve for the number of oxygen molecules.

(c) As in (b), equate the ratio of the number of molecules to the whole number ratio
obtained in (a) for oxygen:water. Solve for the number of water molecules.

(d) As in (b) and (c), equate the ratio of the number of molecules to the whole num-
ber ratio obtained in (a) for hydrogen:oxygen. Solve for the number of hydrogen
molecules.
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Act on Your Strategy

2Hyg) + Oag) 2H,04)
(a) 2 1 2
(b) 100 molecules 50 molecules
(c) 2478 molecules 4956 molecules
(d) 1.204 x 10*molecules | 6.02x 10% molecules

(a) The ratio is 2: 1: 2
(b) 2 molecules H, _ N molecules O,
1 molecule O, 100 molecules H,

N = 50 molecules O,

(© 1 molecule O, — 2478 molecules O,
2 molecules H,O N molecules H,O

N = 4956 molecules H,O

(d) 2 molecules H, _ N molecules H,
1 molecule O, 6.02 x 10%

N = 1.204 x 10%* molecules H,

Check Your Solution

(@) Try drawing the molecules of hydrogen and oxygen and fitting them into water
molecules. You will see that it takes 2 full molecules of gaseous H; and one full
molecule of gaseous O, to form 2 full molecules of water.

(b) The ratio of hydrogen to oxygen in this reaction is always 2:1, no matter what.
Dividing both 100 molecules of hydrogen and 50 molecules of oxygen by 50 will
give the lowest ratio of 2:1. Your answer is consistent.

(c) The ratio of oxygen to water in this reaction is always 1:2, no matter what.
Dividing both the 2478 molecules of oxygen and 4956 molecules of water by
2478 will give the lowest ratio of 1:2. Your answer is consistent.

(d) The ratio of hydrogen to oxygen in this reaction is always 2:1, no matter what.
Dividing both 1.204 x 10*4 molecules of hydrogen and 6.02 x 10?* molecules of
oxygen by 6.02 X 10%® will give the lowest ratio of 2:1. Your answer is consistent.

. Problem

Iron reacts with chlorine gas to form iron(IlI) chloride, FeCls.
2F€(s) + 3Clz(g) — 2F€C13(5)
(a) How many atoms of Fe are needed to react with three molecules of Cl,?
(b) How many molecules of FeCls are formed when 150 atoms of Fe react with
sufficient Cl,?
() How many Cl, molecules are needed to react with 1.204 X 1 atoms of Fe?
(d) How many molecules of FeCl; are formed when 1.806 x 10%* molecules of Cl,
react with sufficient Fe?

What Is Required?

(@) You need to give the ratio of Fe to Cl, molecules in the reaction.

(b) You need to find the number of FeCls molecules that will form from the given
number of Fe atoms.

(c) You need to find the number of Cl, molecules that will react with the given
number of Fe.

(d) You need to find the number of FeCls molecules that will form from the given
number of Cl, molecules.

What Is Given?
The balanced equation for the reaction is given. The number of molecules of reac-
tants or products is given in each question.

024
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Plan Your Strategy

(@) The ratio is given by the whole number in front of each reactant and product in
the balanced equation.

(b) Equate the ratio of number of molecules to the whole number ratio for Fe:FeCls,
and solve for the number of FeCl; molecules.

() As in (b), equate the ratio of the number of molecules to the whole number ratio
for Fe:Cl,. Solve for the number of Cl, molecules.

(d) As in (b) and (c), equate the ratio of the number of molecules to the whole num-
ber ratio for Cly:FeCls. Solve for the number of FeCl; molecules.

Act on Your Strategy

2Fe(5) + 3Clyg) — 2FeCly(s)
(a) 2 atoms 3 molecules
(b) 150 atoms 150 molecules
(c) 1.204 x 10*atoms | 1.806 x 10% molecules
(d) 1.806 x 10% molecules 1.204 x 10% molecules

(@) According to the balanced equation, only two atoms of Fe are required to react
with three molecules of Cl,.

(b) 2 atoms of Fe — 150 atoms of Fe
2 formula units of FeCl; N formula units of FeCl;

N = 150 formula units of FeClj;

(© 2 atomsof Fe  _ 1.204 X 10% atoms of Fe
3 molecules of Cl, N molecules of Cl,

N = 1.806 x 10%* molecules of Cl,
(d) 3 molecules of Cl, __ 1.806 X 10%* molecules of Cl,

2 molecules of FeClj N molecules of FeCls
N = 1.204 x 10** molecules of FeCl;
Check Your Solution

(@) Try drawing the atoms and molecules of iron and chloride gas and fitting them
into iron(III) chloride molecules. You will see that it takes 2 atoms of Fe and one
3 molecules of gaseous Cl; to form 2 full molecules of FeCls.

(b) The ratio of iron to iron(III) chloride in this reaction is always 2:2, no matter
what, which is 1:1 in the lowest ratio. Dividing both the 150 atoms of Fe and
150 molecules of FeCls by 150 will give the lowest ratio of 1:1. Your answer is
consistent.

(¢) The ratio of Fe to Cl; in this reaction is always 2:3, no matter what, which is
1:1.5 in the lowest ratio. Dividing both the 1.204 x 10%* atoms of Fe and the
1.806 x 10** molecules of Cl, by 1.204 x 10*4 will give the lowest ratio of 1:1.5.
Your answer is consistent.

(d) The ratio of Cl, to FeCl; in this reaction is always 3:2, no matter what, which is
1.5:1 in the lowest ratio. Dividing both 1.806 x 10%% molecules of Cl, and
1.204 x 10** molecules of FeCl; by 1.204 x 10%* will give the lowest ratio of
1.5:1. Your answer is consistent.

. Problem

Consider the following reaction.
Ca(OH)z(aq) + ZHCl(aq) — CaCIz + ZHZO(Z)
(@) How many formula units of calcium chloride, CaCl,, would be produced by
6.7 x 10% molecules of hydrochloric acid, HCI?
(b) How many molecules of water would be produced in the reaction in part (a)?
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What Is Required?

(@) You need to find the number of CaCl, formula units produced by the given
amount of HCL

(b) You need to find the number of water molecules produced by the given amount of

HCI.
What Is Given?

The balanced equation for the reaction is given. The number of molecules of HCl is
given.

Plan Your Strategy

(a) Equate the ratio of number of molecules to the whole number ratio for
HCI:CaCl, and solve for the number of CaCl, formula units.

(b) As in (a), equate the ratio of the number of molecules to the whole number ratio
for HCI:H,O. Solve for the number of H;O molecules.

Act on Your Strategy

Ca(0H)y(aq) + 2HCl(5q) — CaClyg) +2H,0(y)
mole ratio 1 2 1 2
molecule or
formula unit ratio 6.02 x 10% 1.2x10% 6.02 x 10% 1.2x10%
given (a) 6.7 x 102 N
given (b) 6.7 x10% N

(@ N = (6.7 x 10%) x % = 3.35 x 10% formula units of CaCl,

(b) N = (6.7 x 10%) x Ei }gz = 6.7 x 10® molecules H,O

Check Your Solution

(@) The mol ratio of HCl to CaCl, in this reaction is always 2:1, no matter what.
Dividing both the 6.7 X 10% molecules of HCl and 3.35 X 10%° molecules of
water by 3.35 X 10?> will give the lowest ratio of 2:1. Your answer is consistent

(b) The mol ratio of HCI to water in this reaction is always 2:2, no matter what,
which is 1:1 in the lowest ratio. Dividing both the 6.7 X 10%° of HCl and
6.7 x 10%°> molecules of water by 6.7 x 10 will give the lowest ratio of 1:1. Your
answer Is consistent.

Solutions for Practice Problems
Student Textbook page 238

4. Problem

Aluminum bromide can be prepared by reacting small pieces of aluminum foil with
liquid bromine at room temperature. The reaction is accompanied by flashes of red
light.

2Al(s) + 3Br2(4) — 2A1Br3(s)
How many moles of Br, are needed to produce 5 mol of AlBr3, if sufficient Al is
present?

What Is Required?
You need to find the number of moles of Br, to produce the given number of moles
of product.

What Is Given?
The balanced equation for the reaction is given. The number of moles of product is
given.
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Plan Your Strategy

From the balanced equation, determine the mol ratio of reactants to products, given

by the whole number in front of each molecule. Equate the equation mol ratio of
Br,:AlBrj to the same ratio using the number of mol of AlBrj; given, and solve for
the number of moles of Br;.

Act on Your Strategy

2Alg) + 3Bry) — 2AIBrss)
mole ratio 2 3 2
given n 5 mol
3 mol Bry n mol Br,

2 mol AlBr; - 5 mol AlBr3

_ 3 mol Br, _
n =5 mol AlBr3 X > mol AlBr, = 7.5 mol Br,

Check Your Solution

The mol ratio of Br; to AlBr3 in this reaction is always 3:2, no matter what, which is
1.5:1 in the lowest ratio. Dividing both the 7.5 mol of Br; and 5.0 mol of AlBr3 by
5.0 will give the lowest ratio of 1.5:1. Your answer is consistent.

. Problem

Hydrogen cyanide gas, HCN), is used to prepare clear, hard plastics, such
as Plexiglas™. Hydrogen cyanide is formed by reacting ammonia, NH3, with oxygen
and methane, CHjy.
ZNHg(g) + 302(g) + 2CH4(g) — 2HCN(g) + 6H20(g)
(@) How many moles of O, are needed to react with 1.2 mol of NH3?
(b) How many moles of H,O can be expected from the reaction of 12.5 mol of CHy?
Assume that sufficient NH3 and O, are present.

What Is Required?

(a) You need to find the number of moles of O, that will react with the given num-
ber of moles of ammonia.

(b) You need to find the number of moles of water that will be produced from the
given number of moles of methane.

What Is Given?
The balanced equation for the reaction is given. The number of moles of reactants is
given.

Plan Your Strategy

(@) From the balanced equation, determine the mol ratio of reactants to products,
given by the whole number in front of each molecule. Equate the equation mol
ratio of NH3:0; to the same ratio using the number of mol of NH3 given, and
solve for O,.

(b) As in (a), equate the ratio of the number of moles given to the whole number
ratio for CH4.H,O. Solve for the number of moles of H,O.

Act on Your Strategy

2NHsq) +30yg) 2CHyq) —|  2HCNg) + 6H,0(q)
Mole ratio 2 3 2 2 6
given 1.2 mol n
given 12.5 mol n
@) 2 mol NH; _ 1.2 mol NH;
3 mol O, 7 mol O,
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1O
n = 1.2 mol NHj3 x %NH: = 1.8 mol O,

12.5 mol CHy4
6 mol H,O ~ 7 mol H,O

7 =12.5 mol CHy x &m0 _ 375,01 H,0

2 mol CHy4

Check Your Solution

(@) The mol ratio of NH3:O; in this reaction is always 2:3, no matter what, the low-
est ratio of which is 1:1.5. Dividing both the 1.2 mol of NHj3 and 1.8 mol of O,
by 1.2 will give the lowest ratio of 1.5:1. Your answer is consistent.

(b) The mol ratio of CHy:water in this reaction is always 2:6, no matter what, which
is 1:3 in the lowest ratio. Dividing both the 12.5 mol of CHy4 and 37.5 mol of
water by 12.5 will give the lowest ratio of 1:3. Your answer is consistent.

(b) 2 mol CH4 _

. Problem

Ethane gas, C,Hg;, is present in small amounts in natural gas. It undergoes complete
combustion to produce carbon dioxide and water.
2C2H6(g) + 702(g) — 4C02(g) + 6H,Oy)
(a) How many moles of O, are required to react with 13.9 mol of C,Hg?
(b) How many moles of H,O would be produced by 1.40 mol of O, and sufficient
ethane?

What Is Required?

(@) You need to find the number of moles of O, that will react with the given num-
ber of moles of ethane.

(b) You need to find the number of moles of water that will be produced from the
given number of moles of oxygen.

What Is Given?
The balanced equation for the reaction is given. The number of moles of reactants is
given.

Plan Your Strategy

(a) From the balanced equation, determine the mol ratio of reactants to products,
given by the whole number in front of each molecule. Equate the equation mol
ratio of C;Hg:O; to the same ratio using the number of mol of ethane given, and
solve for O,.

(b) As in (a), equate the ratio of the number of moles given to the whole number
ratio for O,:H,O. Solve for the number of moles of H,O.

Act on Your Strategy

2C;Hg(q) +70yg) — 4C0yq) +6H,0()
mole ratio 2 7 4 6
given 13.9 mol n
given 1.40 mol n
(a) 2 mol C,Hq _ 139 mol C,Hg
7 mol O, 7 mol O,
_ 7 mol O, _
n = 13.9 mol C,Hg X Tmol CHL = 48.7 mol O,
(b) 7 mol 02 — 1.4 mol 02
6 mol H,O 7 mol O,
_ 6 mol H,O _
n= 1.4 mol O, X Tl O, 1.2 mol H,O
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Check Your Solution

(@) The mol ratio of C;He:O; in this reaction is always 2:7, no matter what, the low-
est ratio of which is 1:3.5. Dividing both the 13.9 mol of C;H¢ and 48.7 mol of
O, by 13.9 will give the lowest ratio of 1:3.5. Your answer is consistent.

(b) The mol ratio of Oj:water in this reaction is always 7:6, no matter what, which is
1.67:1 in the lowest ratio. Dividing both the 1.40 mol of O, and 1.20 mol of
water by 1.20 will give the lowest ratio of 1.67:1. Your answer is consistent.

. Problem

Magnesium nitride reacts with water to produce magnesium hydroxide and ammonia
gas, NHj3 according to the balanced chemical equation
Mg3N2(S) + 6H20(g) — 3Mg(OH)2(S) + 2NH3(g)
(@) How many molecules of water are required to react with 2.3 mol MgzN,?
(b) How many molecules of Mg(OH), will be expected in part (a)?

What Is Required?

(a) You need to find the number of molecules of water that will react with the
magnesium nitride.

(b) You need to find the number of molecules of magnesium hydroxide that will form
from the given amount of magnesium nitride.

What Is Given?
The balanced equation for the reaction is given. The number of moles of magnesium
nitride is given. Avogadro’s number, Ny = 6.02 X 10?*> molecules/mol.

Plan Your Strategy

(@) From the balanced equation, determine the mol ratio of reactants to products,
given by the whole number in front of each molecule. Equate the equation mol
ratio of MgzN,:H,O to the same ratio using the number of mol of magnesium
nitride given, and solve for the number of moles of O,. Multiply this by
Avogadro’s number to obtain the number of molecules needed.

(b) As in (a), equate the ratio of the number of moles given to the whole number
ratio for MgzN»:Mg(OH),. Solve for the number of moles of Mg(OH),. Multiply
this by Avogadro’s number to obtain the number of molecules produced.

Act on Your Strategy

Mg3N2(S) + 6H20(() 3Mg(0H)2(s) + 2NH3(g)
mole ratio 1 6 3 2
given 2.3 mol n n
(@) 1 mol MgzN, __ 2.3 mol Mg;N,
6mol H,O ~ 7 mol H,O
_ 6 mol H,O _
n = 2.3 mol MgzN, X Tmol MgN; = 13.8 mol H,O

N = 13.8 mol H,0O X (6.02 x 10**) molecules/mol

= 4.2 x 10** molecules H,O
1 mol MgsN, 2.3 mol Mg;N,
3 mol Mg(OH), ~ nmol Mg(OH),

mol 5
n = 2.3 mol Mg;N, x 2E2EET = 6.9 mol Mg(OH),

N = 6.9 mol X (6.02 x 10**) molecules/mol
= 4.2 x 10** molecules Mg(OH),

(b)
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Check Your Solution

(@) The mol ratio of MgzN»:H,O in this reaction is always 1:6, no matter what.
Dividing both the 2.3 mol of MgzN; and 13.8 mol of H,O by 2.3 will give the
lowest ratio of 1:6. Your answer is consistent.

(b) The mol ratio of MgzN,:Mg(OH), in this reaction is always 1:3, no matter what.
Dividing both the 2.3 mol of MgzN; and 6.9 mol of Mg(OH), by 2.3 will give

the lowest ratio of 1:3. Your answer is consistent.

Solutions for Practice Problems
Student Textbook page 240

8. Problem

Vanadium can form several different compounds with oxygen, including V,0s, VO,,

and V203 .

(@) How many moles of V are needed to produce 7.47 mol of VO,? Assume that
sufficient O, is present.

(b) How many moles of V are needed to react with 5.39 mol of O, to produce
V,052

What Is Required?

(a) You need to find the number of moles of V to produce the given amount of VO,.

(b) You need to find the number of moles of V that will react with the given amount
of oxygen to form V,053.

What Is Given?
The number of moles of product or reactant is given. The type of reactants and
products that make up each reaction are given.

Plan Your Strategy

(@) Write out the full reaction and balance the equation. Determine the mole ratio of
reactant to products, which is the whole number in front of each reactant and
product. Equate the ratio of V:VO, in the equation to the given amounts, and
solve for the number of moles of V.

(b) As in (a), write out the full reaction and balance the equation. Determine the
mole ratio of reactant to products. Equate the ratio of V:O; in the equation to the
given amounts, and solve for the number of moles of V.

Act on Your Strategy

(a)
Vis) + 0zg) — V0ys)
mole ratio 1 1 1
given n 7.47 mol
ImolV _ 7 mol V
1 mol VO, ~ 7.47 mol VO,
_ 1molV _
n = 7.47 mol VO, X Tl VO, = 7.47 mol V
(b)
4V(s) + 302(9) 2V203(5)
mole ratio 4 3 2
given n 5.39 mol
4molV _  »nmolV
3mol O, ~ 5.39 mol O,
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7 =5.39 mol O, X 4mol V. — 719 mol V

3 mol O,

Check Your Solution

(@) The mol ratio of V:VO; in this reaction is always 1:1, no matter what. Dividing
both the 7.47 mol of V and 7.47 mol of VO, by 7.47 will give the lowest ratio of
1:1. Your answer is consistent.

(b) The mol ratio of V:O; in this reaction is always 4:3, no matter what, which is
1.3:1 in the lowest ratio. Dividing both the 7.19 mol of V and 5.39 mol of O, by
5.39 will give the lowest ratio of 1.3:1 Your answer is consistent.

. Problem

Nitrogen, N, can combine with oxygen, O, to form several different oxides of

nitrogen. These oxides include NO,, No, and N,O.

(a) How many moles of O, are required to react with 9.35 x 107 moles of N, to
form N,O?

(b) How many moles of O, are required to react with 9.35 X 1072 moles of N, to
form NO,?

What Is Required?

(@) You need to find the number of moles of oxygen needed to produce N,O from
the given amount of nitrogen.

(b) You need to find the number of moles of oxygen needed to produce NO, from
the given amount of nitrogen.

What Is Given?
The number of moles of nitrogen is given. The type of reactants and products that
make up each reaction are given.

Plan Your Strategy

(a) Write out the full reaction and balance the equation. Determine the mole ratio of
reactant to products, which is the whole number in front of each reactant and
product. Equate the ratio of N,:O, in the equation to the given amounts, and
solve for the number of moles of O,.

(b) As in (a), write out the full reaction and balance the equation. Determine the
mole ratio of reactant to products. Equate the ratio of N,:O; in the equation to
the given amounts, and solve for the number of moles of O,.

Act on Your Strategy

(a)
2Nyq) + 0zg) — 2N;0(g)
mole ratio 2 1 2
given (9.35)(102) mol n
2mol N, _ 9.35x 1072 mol N,
1mol O, 7 mol O,
_ 2 1 mol O, _ 2
7n=(9.35 X 10™) mol Ny X 2> mol N, = 4.68 X 107 mol O,
(b)
Na(g) +205q) — 2N0Oyg)
mole ratio 1 2 2
given (9.35)(102) mol n
I mol N, _ 9.35x 102 mol N,
2mol O, 7 mol O,
_ —2 2 mol 02 _
n=9.35x 107* mol N, X ol N, =0.19 mol O,
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10.

Check Your Solution

(@) The mol ratio of N,:O; in this reaction is always 2:1, no matter what. Dividing
both the 9.35 X 1072 mol of N, and 4.68 x 1072 mol of O, by 4.68 x 1072 will
give the lowest ratio of 2:1. Your answer is consistent.

(b) The mol ratio of N»:O; in this reaction is always 1:2, no matter what. Dividing
both the 9.35 X 1072 mol of N, and 0.19 mol of O, by 9.35 X 1072 will give the
lowest ratio of 1:2 Your answer is consistent.

Problem

When heated in a nickel vessel to 400°C, xenon can be made to react with fluorine

to produce colourless crystals of xenon tetrafluoride.

(a) How many moles of fluorine gas, F,, would be required to react with 3.54 x 107!
mol of xenon?

(b) Under somewhat similar reaction conditions, xenon hexafluoride can also be
obtained. How many moles of fluorine would be required to react with the
amount of xenon given in part (a) to produce xenon hexafluoride?

What Is Required?

(@) You need to find the number of moles of F, that will react with the given amount
of xenon to form xenon tetrafluoride.

(b) You need to find the number of moles of F, that will react with the given amount
of xenon to form xenon hexafluoride.

What Is Given?
The number of moles of xenon is given. The type of reactants and products that
make up each reaction are given.

Plan Your Strategy

(a) Write out the full reaction and balance the equation. Determine the mole ratio of
reactant to products, which is the whole number in front of each reactant and
product. Equate the ratio of Xe:F, in the equation to the given amounts, and
solve for the number of moles of F,.

(b) As in (a), write out the full reaction and balance the equation. Determine the
mole ratio of reactant to products. Equate the ratio of Xe:F, in the equation to
the given amounts, and solve for the number of moles of F,.

Act on Your Strategy

(a)
XE(Q) + 2Fz(g) — XeF4(S)
mole ratio 1 2 1
given 3.45x 107" mol n

1 mol Xe _ 3.54 x 107! mol Xe

2 mol F, 7 mol F,
7= (3.54 x 107") mol Xe x 22 F2 78 % 107! mol F,
1 mol Xe
(b)
Xe(g) +3Fyq) — XeFgs)

mole ratio 1 3 1

given 3.45x 107" mol n
1 mol Xe _ 3.54 x 107! mol Xe
3molF, 7 mol F,

_ —1 3molF, _
n=(3.54 x 107") mol Xe X - = 1.06 mol F,
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Check Your Solution

(@) The mol ratio of Xe:F, in this reaction is always 1:2, no matter what. Dividing
both the 0.345 mol of Xe and 0.708 mol of F, by 0.345 will give the lowest ratio
of 1:2. Your answer is consistent.

(b) The mol ratio of Xe:F, in this reaction is always 1:3, no matter what. Dividing
both the 0.345 mol of Xe and 1.06 mol of F, by 0.345 will give the lowest ratio
of 1:3. Your answer is consistent.

Solutions for Practice Problems
Student Textbook pages 244—246, 248-249

11. Problem

Ammonium sulfate, (NH),SOyx, is used as a source of nitrogen in some fertilizers. It

reacts with sodium hydroxide to produce sodium sulfate, water, and ammonia.
(NH4)2504(5) + 2NaOH(aq) — Nast4(aq) + 2NH3(g) + 2H20(g)

What mass of sodium hydroxide is required to react completely with 15.4 g of

(NHy),SO4?

What Is Required?
You need to find the mass of NaOH that will complete the reaction with the given
amount of ammonium sulfate.

What Is Given?

The mass of the ammonium sulfate is given. The balanced equation is given.

Plan Your Strategy

Step 1 Convert the given mass (72) of ammonium sulfate to the number of moles (7)
of ammonium sulfate, using its molar mass (#4). Use the formula n = m / M

Step 2 Determine the mole ratio of NaOH to (NH4),SO4 from the balanced equa-
tion. Using the result in Step 1, solve for the number of moles of NaOH.

Step 3 Convert the number of moles of NaOH to mass using its molar mass. Use the
formula m = n X M of the NaOH.

Act on Your Strategy

(NH4)2804(S) + ZNHOH(aq) Nast4(aq) + NH3(g) + ZHZO([)
mole ratio 1 2 1 1 2
molar mass | 132.17 g/mol 40.0 g/mol 142.05 g/mol | 17.04 g/mol 18.02 g/mol
given 1544 m
_ 154 g (NH),80, _
Stepl n= T gml 0.1165 mol (NHy4),SO4
1 mol (NH4)2504 _ 0.1 165 mol (NH4)ZSO4

Step 22— Neon - - 7 NaOH

7= 0.1165 mol (NH,),SO4 x % = 0.233 mol NaOH

Step 3 m = 0.233 mol NaOH X 40.0 g/mot = 9.32 ¢ NaOH
Therefore, the mass of NaOH that will react completely with the ammonium sulfate

is 9.32 g.

Check Your Solution
The mol ratio of (NHy4),SO4:NaOH in this reaction is always 1:2, no matter what.
Dividing both the 0.1165 mol of (NH4)>SO4 and 0.233 mol of NaOH by 0.1165

will give the lowest ratio of 1:2. Your answer is consistent.
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12.

13.

Problem
Iron(III) oxide, also known as rust, can be removed from iron by reacting it with
hydrochloric acid to produce iron(IlI) chloride and water.
FCZO3(S) + GHCI(aq) — 2F6C13(aq) + 3H20(5)
What mass of hydrogen chloride is required to react with 1.00 X 10* g of rust?

What Is Required?
You need to find the mass of HCI that will complete the reaction with the given
amount of rust.

What Is Given?
The mass of the HCl is given. The balanced equation is given.

Plan Your Strategy

Step 1 Convert the given mass (72) of rust to the number of moles (7) of rust, using
its molar mass (M). Use the formula n = m /| M

Step 2 Determine the mole ratio of rust to HCI from the balanced equation. Using
the result in Step 1, solve for the number of moles of HCI.

Step 3 Convert the number of moles of HCI to mass using its molar mass. Use the
formula m = n X M of the HCL

Act on Your Strategy

F6203(s) + 6HC|(aq) I 2FeCI3(aq) + 3H20(5)
mole ratio 1 6 2 3
molar mass 159.7 g/mol 36.46 g/mol 162.2 g/mol 18.02 g/mol
given (1.00)(102) g m
_ (1.00)(10%) g Fe,05 _
Step 1 7= 5=~ ol 0.626 mol Fe;O3
1 mol Fe;O3 _ 0.626 mol Fe,O;
Step 2 6 mol HCI n mol HCI
7= 0.626 mol Fe,O3 x 2moLHCL — 3 556 1061 HCI
1 mol Fe;O3

Step 3 m = 3.756 mot HCl x 36.46 g/mot = 137.0 ¢ HCI
Therefore, the mass of HCI needed to bring this reaction to completoin is 137.0 g.

Check Your Solution

The mol ratio of Fe;O3:HCI in this reaction is always 1:6, no matter what. Dividing
both the 0.626 mol of rust and 3.756 mol of HCl by 0.626 will give the lowest ratio
of 1:6. Your answer is consistent.

Problem
Iron reacts slowly with hydrochloric acid to produce iron(III) chloride and hydrogen

gas.
FC(S) + ZHCI(aq) — FeClz(aq) + Hz(g)

What mass of HCl is required to react with 3.56 g of iron?

What Is Required?
You need to find the mass of HCI that will complete the reaction with the given
amount of iron.

What Is Given?

The mass of the iron is given. The balanced equation is given.

Plan Your Strategy
Step 1 Convert the given mass (72) of iron to the number of moles (7)of iron, using
its molar mass (M). Use the formula n = m | M

Chapter 7 Quantities in Chemical Reactions ¢ MHR

109



CHEMISTRY 11

14.

Step 2 Determine the mole ratio of Fe to HCI from the balanced equation. Using the

result in Step 1, solve for the number of moles of HCI.

Step 3 Convert the number of moles of HCI to mass using its molar mass. Use the

formula m = n X M of the HCI.

Act on Your Strategy
FE(S) + 2HC|(aq) — FeC|2(aq) + Hz(g)
mole ratio 1 2 1 1
molar mass 55.85 g/mol 36.46 g/mol 126.75 g/mol 2.02 g/mol
given 3.56 g m
_ 356gFe
Step 1 7= oo ol = 0.0637 mol Fe
1 mol Fe _ 0.0637 mol Fe
Step 2 2 mol HCl =~ 7 mol HCI
7 = 0.0637 mol Fe x Z22LHA = 1274 mol HCI

Step 3 m = 0.1274 mot HCIl X 36.46 g/mot = 4.65 g HCI
Therefore, the mass of HCI needed to react fully with the Fe is 4.65 g.

Check Your Solution
The mol ratio of Fe:HCl in this reaction is always 1:2, no matter what. Dividing
both the 0.0637 mol of Fe and 0.1274 mol of HCI by 0.0637 will give the lowest

ratio of 1:2. Your answer is consistent.

Problem
Dinitrogen pentoxide is a white solid. When heated it decomposes to produce
nitrogen dioxide oxygen.
N2Os — 2NOyg + Oag
How many grams of oxygen gas will be produced in this reaction when 2.34 g of

NO, are made?

What Is Required?
You need to find the mass of oxygen that will be produced together with the given
amount of NO,.

What Is Given?
The mass of the NO, product is given. The balanced equation is given.

Plan Your Strategy

Step 1 Convert the given mass (72) of NO; to the number of moles (7) of NO,,
using its molar mass (M). Use the formula n = m /| M

Step 2 Determine the mole ratio of NO, to O, from the balanced equation. Using
the result in Step 1, solve for the number of moles of O,.

Step 3 Convert the number of moles of O, to mass using its molar mass. Use the
formula m = n X M of the O,.

Act on Your Strategy

N20ss) - 2N0Oyg) + Oz(g)
mole ratio 1 2 1
molar mass 108.02 g/mol 46.01 g/mol 32.00 g/mol
given 2349 m
_ 234&NO, _
Step 1 n= == ol = 0.0508 mol NO,
2 mol NO, _ 0.0508 mol NO,

Step 2 Imol O, 7 mol O,
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7= 0.0508 mol NO, x % = 0.0254 mol O,

Step 3 7 = 0.0254 mot O, X 32.00 g/mot = 0.813 g O,
Therefore, the mass of O, that will be produced is 0.813 g.

Check Your Solution

The mol ratio of NO,:O; in this reaction is always 2:1, no matter what. Dividing
both the 0.0508 mol of NO, and 0.0254 mol of O, by 0.0254 will give the lowest
ratio of 2:1. Your answer is consistent.

Problem

Powdered zinc reacts rapidly with powdered sulfur in a highly exothermic reaction.
8Zn(s) + Sg(s) — SZHS(S)

What mass of zinc sulfide is expected when 32.0 g of Sg reacts with sufficient zinc?

What Is Required?
You need to find the mass of ZnS that will be produced from the given amount of
sulfur.

What Is Given?

The mass of the Sg is given. The balanced equation is given.

Plan Your Strategy

Step 1 Convert the given mass (72) of sulfur to the number of moles () of sulfur,
using its molar mass (). Use the formula n = m /| M

Step 2 Determine the mole ratio of sulfur to zinc sulfide from the balanced equation.
Using the result in Step 1, solve for the number of moles of ZnS.

Step 3 Convert the number of moles of ZnS to mass using its molar mass. Use the
formula 7 = n X M of the ZnS.

Act on Your Strategy

8Zny + Sgs) 8ZnSys)
mole ratio 8 1 8
molar mass 65.39 g/mol 256.56 g/mol 97.46 g/mol
given 3204 m
Step 1 n= 5z ol = 0.1247 mol Sg
1 mol Sg _ 0.1247 mol Sg
Step 2 8mol ZnS ~  zmol ZnS
n = 0.1247 mol Sg x $m9ZnS — 9976 mol ZnS
1 mol Sg

Step 3 m = 0.9976 mot ZnS X 97.46 g/mot = 97.2 g ZnS
Therefore, the mass of ZnS produced is 97.2 g.

Check Your Solution
The mol ratio of Sg:ZnS in this reaction is always 1:8, no matter what. Dividing
both the 0.1247 mol of Sg and 0.9976 mol of ZnS by 0.1247 will give the lowest

ratio of 1:8. Your answer is consistent.

Problem
The addition of concentrated hydrochloric acid to manganese(IV) oxide leads to the
production of chlorine gas.

4HC1(aq) + MnOz(g) — MnClz(aq) + Clz(g) + ZHZO([)
What mass of chlorine can be obtained when 4.76 x 1072 g pf HCl react with sufi-
cient MnO,?
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What Is Required?
You need to find the mass of Cl, that will be produced from the given amount of

HCL

What Is Given?
The mass of the HCl is given. The balanced equation is given.

Plan Your Strategy
Step 1 Convert the given mass (72) of HCI to the number of moles (7) of HCI, using
its molar mass (M). Use the formula n = m | M
Step 2 Determine the mole ratio of HCl to Cl, from the balanced equation. Using
the result in Step 1, solve for the number of moles of Cl,.
Step 3 Convert the number of moles of Cl, to mass using its molar mass. Use the
formula m = n X M of the Cl,.

Act on Your Strategy

4HC|(aq) + MnOz(g) — MnC|2(aq) + C|z(g) + 2H20(5)
mole ratio 4 1 1 1 2
molar mass | 36.46 g/mol 86.94 g/mol 125.84 g/mol 68.9 g/mol 36.04 g/mol
given (4.76)(102) g m
_ (476 x 10 gHCl _
Step 1 n = =S or— e 0.0013 mol HCI
4 mol HCl _ 0.0013 mol HCI
Step 2 ImolCl, — 7 mol Cl,
7 =0.0013 mol HCI x L20LEL = 325 % 107 mol Cl,

Step 3 m = 3.25 x 107 mot Cl, X 68.9 g/mot = (2.25 X 107) g Clyy

Check Your Solution

The mol ratio of HCI:Cl; in this reaction is always 4:1, no matter what. Dividing
both the 0.0013 mol of HCl and 3.25 X 10~ mol of Cl, by 3.25 x 10~ will give
the lowest ratio of 4:1. Your answer is consistent.

Problem
Aluminum carbide, Al4Cs, is a yellow powder that reacts with water to produce
aluminum hydroxide and methane.
A14C3(S) + 12H20(g) — 4A1(0H)3(5) + 3CH4(g)
What mass of water is required to react completely with 25.0 g of aluminum carbide?

What Is Required?
You need to find the mass of H,O that is needed to react with the given amount of
AlCs.

What Is Given?
The mass of the Al4Cs is given. The balanced equation is given.

Plan Your Strategy

Step 1 Convert the given mass (72) of Al4C; to the number of moles (7) of Al4;Cs,
using its molar mass (M). Use the formula n = m /| M

Step 2 Determine the mole ratio of Al4Cs to H,O from the balanced equation.
Using the result in Step 1, solve for the number of moles of H,O.

Step 3 Convert the number of moles of H,O to mass using its molar mass. Use the
formula m = n X M of the H,O.
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Act on Your Strategy

A|4C3(s) + 12H20(g) 4A|(0H)3(S) + 3CH4(g)
mole ratio 1 12 4 3
molar mass g/mol g/mol g/mol g/mol
given 2504¢ m
_ 25.0gALC; _
Step 1 n= 1552 ol = 0.174 mol Al4Cs
1 mol ALLC; _ 0.174 mol Al,Cs
Step 2 12 mol H,O — 7 mol H,O
_ 12 mol HzO —
n = 0.174 mol Al;C;5 X Tmol ALG, 2.088 mol H,O

Step 3 m = 2.088 mot H,0 x 18.02 g/mot = 37.63 ¢
Therefore, the mass of water that will react completely with the aluminum carbide is

37.63 g.

Check Your Solution
The mol ratio of Al4C5:H,O in this reaction is always 1:12, no matter what.
Dividing both the 0.174 mol of Al4Cs and 2.088 mol of H,O by 0.174 will give the

lowest ratio of 1:12. Your answer is consistent.

Problem
Magnesium oxide reacts with phosphoric acid, H3POy, to produce magnesium
phosphate and water.
3MgOyy) + 2H3PO4q = Mgs(PO4)a) + 3H2Oq
How many grams of magnesium oxide are required to react completely with 33.5 g of

phosphoric acid?

What Is Required?
You need to find the mass of MgO that is needed to react with the given amount of
phosphoric acid.

What Is Given?
The mass of the H3POy is given. The balanced equation is given.

Plan Your Strategy

Step 1 Convert the given mass (72) of H3POy4 to the number of moles (7) of H3POy,
using its molar mass (M). Use the formula n = m /| M

Step 2 Determine the mole ratio of H3PO4 to MgO from the balanced equation.
Using the result in Step 1, solve for the number of moles of MgO.

Step 3 Convert the number of moles of MgO to mass using its molar mass. Use the
formula m = n X M of the MgO.

Act on Your Strategy

3MgO(S) + 2H3P04(aq) Mgg(P04)2(s) + 3H20([)
mole ratio 3 2 1 3
molar mass 40.3 g/mol 98.0 g/mol
given m 335¢g
_ 3358 H;PO, _
Step 1 n = —5or ol 0.342 mol H3PO4
3mol MgO _ zmol MgO
Step 2 - TH.pO; = 0342 mol H,P0,
3 mol MgO

Step 3 m = 0.513 mot MgO X 40.3 g/mot = 20.7 g
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Therefore, the mass of MgO that will react completely with the phosphoric acid is
20.7 g,

Check Your Solution

The mol ratio of MgO:H3POy in this reaction is always 3:2, no matter what, which
is 1.5:1 in the lowest ratio. Dividing both the 0.513 mol of MgO and 0.342 mol of
H3POy4 by 0.342 will give the lowest ratio of 1.5:1. Your answer is consistent.

Solutions for Practice Problems
Student Textbook, page 248

19. Problem

Nitrogen gas is produced in an automobile air bag. It is generated by the decomposi-
tion of sodium azide, NaN3.
2NaN3(s) — 3N2(g) + 2Na(s)
(@) To inflate the air bag on the driver’s side of a certain car, 80.0 g of N is required.
What mass of NaN3 is needed to produce 80.0 g of N,?
(b) How many atoms of Na are produced when 80.0 g of N, are generated in this
reaction?

What Is Required?

(@) You need to find the mass of NaNj needed to produce the required amount of
nitrogen.

(b) You need to find the number of Na atoms produced in this reaction amount in

(a).
What Is Given?

The mass of the nitrogen produced is given. The balanced equation is given.
Avogadro’s number, Ny = 6.02 X 10% formula units/mol.

Plan Your Strategy
(@) To obtain the mass of NaNj, perform the following steps below:
Step 1 Convert the given mass (7) of N, to the number of moles () of N,
using its molar mass (M). Use the formula n = m /| M
Step 2 Determine the mole ratio of NaN3 to N, from the balanced equation.
Using the result in Step 1, solve for the number of moles of NaNj.
Step 3 Convert the number of moles of NaN3 to mass using its molar mass. Use
the formula m = 7 X M of the NaN3.
(b) Repeat Step 2 in (a) using the mole ratio of N, to Na, to determine the number
of moles of Na that is produced. Multiply this by the Avogadro’s number to
obtain the number of atoms of Na.

Act on Your Strategy

(a)
2NaNs) 3N2(g) +2Nagg)
mole ratio 2 3 2
molar mass 65.02 g/mol 28.02 g/mol 22.99 g/mol
given m 800¢g
_ 80.0eN, _
Step 1 n= S-= = ol = 2.855 mol N,
Step 2 3 mol N, _ 2855 mol N,

2 mol NaNj 7 mol NaNj

7= 2.855 mol N, x % = 1.903 mol NaN;
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Step 3 m = 1.903 mot NaN3 X 65.02 g/mot = 124 g NaN3
Therefore, the mass of NaN3 needed is 124 g.
(b) 3 mol Nz _ 2.855 mol N2

2 mol Na 7 mol Na

— 2 mol Na __
n = 2.855 mol N, X SmolN, = 1.903 mol Na

N =1.903 mot Na X (6.02 x 10%) atoms/mot = 1.15 x 104 atoms Na
Therefore, the number of atoms of Na produced is 1.15 X 1024 atoms.

Check Your Solution

(@) The mol ratio of NaNj3:N; in this reaction is always 2:3, no matter what, which is
1:1.5 in the lowest ratio. Dividing both the 1.903 mol of NaNj3 and 2.855 mol of
N, by 1.903 will give the lowest ratio of 1:1.5. Your answer is consistent.

(b) Likewise, the mol ratio of N,:Na in this reaction is always 3:2, no matter what,
which is 1.5:1 in the lowest ratio. Dividing both the 2.855 mol of N, and 1.903
mol of Na by 1.903 will give the lowest ratio of 1.5:1. Your answer is consistent.

Problem
The reaction of iron(III) oxide with powered aluminum is known as the thermite
reaction.
2A1(S) + F6203(5) — A1203(S) + 2Fe([)
(a) Calculate the mass of aluminum oxide, Al;O3, that is produced when
1.42 x 10** atoms of Al react with Fe,O3.
(b) How many molecules of Fe;Oj3 are needed to react with 0.134 g of Al?

What Is Required?

(@) You need to find the mass of Al,O3 produced from the given number of atoms of
Al

(b) You need to find the number of Fe,O3 molecules needed to react with the given
amount of Al

What Is Given?

(@) The number of atoms of Al is given. The balanced equation is given. Avogadro’s
number, Ny = 6.02 X 10?3 formula units/mol.

(b) The mass of the aluminum is given. The balanced equation is given. Avogadro’s
number, Vy = 6.02 x 10%? formula units/mol.

Plan Your Strategy
(@) Use the following steps below:
Step 1 Divide the number of Al atoms by Avogadro’s number to obtain the num-
ber of moles in the reaction.
Step 2 Using the ratio of Al to Al,Oj3 from the balanced equation and the answer
in Step 1, solve for the number of moles of Al,O3.
Step 3 Multiply the number of moles of Al,O3 by its molar mass to obtain the
mass in grams.
(b) Use the following steps below:
Step 1 Convert the given mass (72) of Al to the number of moles (7) of Al, using
its molar mass (M). Use the formula n = m /| M
Step 2 Determine the mole ratio of Al to Fe;O3 from the balanced equation.
Using the result in Step 1, solve for the number of moles of Fe,Os.
Step 3 Multiply the number of moles of Fe;Oj3 to the Avogadro number to obtain
the number of molecules in the reaction.
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Act on Your Strategy

(a)
2A|(S) + Fezog(s) — A|203(S) + 2Fem
mole ratio 2 1 1 2
molar mass 26.98 g/mol 159.7 g/mol 101.96 g/mol 55.85 g/mol
given 1.42 x 10%* atoms m

(142 X 10*) atems Al _
Step 1 n = 602 X 105 — = 2.36 mol Al

2 mol Al _ 2.36 mol Al
Step 2 1 mol A1203 - 7 mol Ale3

_ 1 mol A1203 _

n = 2.36 mol Al x oAl = 118 mol Al,O3
Step 3 m = 1.18 mot A,O3 x 101.96 g/mot = 120 g ALLO;
Therefore, the mass of aluminum oxide produced is 120 g.
(b)
2Al(5) +Fe 0z — AlyO3g) + 2Fe(y
mole ratio 2 1 1 2
molar mass 26.98 g/mol 159.7 g/mol 93.96 g/mol 55.85 g/mol
given 0.134 ¢ N

_ 0.134gAl _
Step 1 7= 55—t emol = 0.005 mol Al

2 mol Al _ 0.005 mol Al
Step 2 1 mol Fe;0O3 ~ 7 mol Fe,05

_ 1 mol Fe;O3 _

n = 0.005 mol Al X — oo = 0.0025 mol Fe;O5

Step 3 NV = 0.0025 mrot Fe;,O3 X (6.02 x 10%%) molecules/mot

= 1.5 x 10*! molecules Fe,O3
Therefore, the number of Fe,03 molecules needed is 1.5 x 102! molecules.

Check Your Solution

(@) The mol ratio of Al:Al,Oj in this reaction is always 2:1, no matter what. Dividing
both the 2.36 mol of Al and 1.18 mol of Al,O3 by 1.18 will give the lowest ratio

of 2:1. Your answer is consistent.

(b) Likewise, the mol ratio of Al:Fe;O3 in this reaction is always 2:1, no matter what.
Dividing both the 0.005 mol of Al and 0.0025 mol of Fe;O3 by 0.0025 will give

the lowest ratio of 2:1. Your answer is consistent.

21. Problem

The thermal decomposition of ammonium dichromate is an impressive reaction.

When heated with a Bunsen burner or propane torch, the orange crystals of ammoni-

um dichromate slowly decompose to green chromium(III) oxide in a volcano-like

display. Colourless nitrogen gas and water vapour are also given off.
(NH4)2Cr207(S) — Cr203(s) + Nz(g) + 4H20(g)
(a) Calculate the number of molecules of Cr,Oj3 that is produced from the decompo-

sition of 10.0 g of (NH4),Cr,0-.

(b) In a different reaction, 16.9 g of N, is produced when a sample of (NHy4),Cr,O5

is decomposed. How many water molecules are also produced in this reaction?
() How many molecules of (NHy4),Cr,07 are needed to produce 1.45 g of H,O?

What Is Required?

(a) You need to find the number of molecules of Cr,Oj3 in the reaction.

(b) You need to find the number of water molecules produced in the reaction.
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(c) You need to find the number of molecules of ammonium dichromate reacted.

What Is Given?

(@) The mass of ammonium dichromate is 10.0 g.

(b) The mass of N, is 16.9 g.

(c) The mass of water is 1.45 g.

The balanced equation is given. Avogadro’s number is 6.02 X 10** molecules/mol.

Plan Your Strategy

(a) Apply the following steps:

Step 1 Convert the given mass (7) of ammonium dichromate to the number of
moles (7), using its molar mass (M). Use the formula n = m / M

Step 2 Determine the mole ratio of (NHy),Cr,O7 to Cr,O3 from the balanced
equation. Using the result in Step 1, solve for the number of moles of
Cl‘203 .

Step 3 Multiply the number of moles of Cr,O3 to the Avogadro number to
obtain the number of molecules in the reaction.

(b) Repeat the steps in (a), this time working with the mass of N, to obtain its num-
ber of moles, and then using the mole ratio of N, to H,O to obtain the number
of moles of water. Multiply this value by the Avogadro number to establish the
number of molecules of water produced.

(c) Repeat the steps in (a), this time working with the mass of water given to obtain
its number of moles, and then using the mole ratio of (NH4),Cr,O7 to H,O to
obtain the number of moles of (NHy4),Cr,O7. Multiply this value by the
Avogadro number to establish the number of molecules of (NH4),Cr,0O7 needed
for the full reaction to proceed.

Act on Your Strategy

(a)
(NH4)20I’207(5) — CI'203(5) + Nz(g) + 4H20(g)
mole ratio 1 1 1 4
molar mass 252.1 g/mol 152 g/mol 28.02 g/mol 18.02 g/mol
given 10.0¢g N
_ 10.0 g (NH4),Cr,O; _
Step 1l n= T igmd 0.0396 mol (NH,),Cr,O-
Step 2 1 mol (NH4)2CI‘207 — 00396 rnol (NH4)2CI207

1 mol Cr,O3
n = 0.0396 mol (NHy),Cr,0O; x

7 mol Cr,O3

n=3.97 x 1072 mol Cr,03

Step 3 N =3.97 x 10 mot Cr,03 x (6.02 x 10%%) molecules/mot

=2.39 x 10** molecules Cr,O3
Therefore, the number of Cr,O3 molecules produced from the decomposition
reaction is 2.39 x 10%2.

1 mol Cr,04
1 mol (NH,),Cr,O,

(b)
(NH4)20I’207(5) — CI'203(5) + Nz(g) + 4H20(g)
mole ratio 1 1 1 4
molar mass 252.1 g/mol 152 g/mol 28.02 g/mol 18.02 g/mol
given 16949 N
_ 169N, _
Step 1 7= 5o ool = 0.603 mol N,
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1 mol N, _ 0.603 mol N,

Step 2 4 mol H,O =~ 7 mol H,O

_ 4 mol H,O __
n = 0.603 mol N, x Tll\zfz = 2.41 mol H,O

Step 3 N = 2.41 mot H,O x (6.02 x 10%) molecules/mot
= 1.45 x 10** molecules H,O

Therefore, the number of water molecules produced is 1.45 X 10,

(c)
(NH4)20F207(5) — CI’203(5) + Nz(g) + 4H20(g)
mole ratio 1 1 1 4
molar mass 252.1 g/mol 152 g/mol 28.02 g/mol 18.02 g/mol
given N 145¢g
Step 1 7= =~ ol — 0.0805 mol H,O
1 mol (NH4),Cr,O; _ 7 mol (NH),Cr,O,
Step 22— 1,0 = 0.0805 mol FL,O

1 Cr,O
7 = 0.0805 mol H,O x %ngom = 0.020 mol (NH,),Cr,O-

Step 3 NV = 0.020 mrot (NHy),Cr,07 X (6.02 X 10%%) molecules/nrot

= 1.21 x 10** molecules (NHy4),Cr,O-
Therefore, the number of (NH4),Cr,O- molecules needed in the reaction is
1.21 x 10%2.

Check Your Solution

(@) The mol ratio of (NHy4),Cr,07 to Cr;O3 in this reaction is always 1:1, no matter
what. Dividing both the 0.0396 mol of (NH4),Cr,07 and 3.97 x 107 mol of
Cr,O3 by 0.0396 will give the lowest ratio of 1:1. Your answer is consistent.

(b) The mol ratio of N»:H,O in this reaction is always 1:4, no matter what. Dividing
both the 0.020 mol of (NH4),Cr,O7 and 0.0805 mol of H,O by 0.020 will give
the lowest ratio of 1:4. Your answer is consistent.

() Likewise, the mol ratio of (NH4),Cr,0O7:H,O in this reaction is always 1:4, no
matter what. Dividing both the 0.603 mol of N, and 2.41 mol of H,O by 0.603
will give the lowest ratio of 1:4. Your answer is consistent.

22. Problem
Ammonia gas reacts with oxygen to produce water and nitrogen oxide. This reaction
can be catalyzed, or sped up, by Cr,O3, produced in the reaction in problem 21.
4NH3(g) + SOz(g) — 4NO(g) + 6H20(g)
(@) How many molecules of oxygen are is required to react with 34.0 g of ammonia?
(b) What mass of nitrogen oxide is expected from this reaction of 8.95 x 10%
cules of oxygen with sufficient ammonia?

What Is Required?

(@) You need to find the number of molecules of oxygen required for the reaction.

(b) You need to find the mass of NO produced from the given number of oxygen
molecules.

What Is Given?

(@) The mass of the ammonia is 34.0 g.

(b) The number of oxygen molecules is 8.95 X 10%4,

The balanced equation is given. Avogadro’s number = 6.02 X 10*> molecules/mol.

mole-

Plan Your Strategy
(@) Apply the following steps:
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Step 1 Convert the given mass (7) of ammonia to the number of moles (7), using
its molar mass (M). Use the formula n = m /| M

Step 2 Determine the mole ratio of NHj3 to O, from the balanced equation.
Using the result in Step 1, solve for the number of moles of O,.

Step 3 Multiply the number of moles of O, by the Avogadro number to obtain
the number of molecules in the reaction.

(b) Apply the following steps:

Step 1 Divide the number of molecules of O, by the Avogadro number to obtain
the number of moles in the reaction.

Step 2 Determine the mole ratio of O, to NO from the balanced equation. Using
the result in Step 1, equate and solve for the number of moles of NO.

Step 3 Multiply the number of moles of NO by its molar mass, to obtain its mass
in grams.

Act on Your Strategy

(a
4NH3z(g) + 5054 — 4NOyg 6H,0y)
mole ratio 4 5 4 6
molar mass 17.04 g/mol 32.00 g/mol 30.01 g/mol 18.02 g/mol
given 34.0¢g N
_ 340gNH; _
Step 1 n= = emol — 1.995 mol NHj3
4 mol NH; _ 1.995 mol NH;
Step 2 5mol O 7 mol O,
_ 5mol O, _
n = 1.995 mol NH; X Tmol NI, = 2.49 mol O,

Step 3 NV = 2.49 mot O, x (6.02 x 10%*) molecules/mot
= 1.5 x 10** molecules O,
Therefore, the number of oxygen molecules required for the reaction is

1.5 x 10%,
(b)
4NH3z(g) +50yg) — 4NOyg 6H,0(,)
mole ratio 4 5 4 6
molar mass 17.04 g/mol 32.00 g/mol 30.01 g/mol 18.02 g/mol
8.95 x 10%
given molecules m
_(8.95 x 10*%) motecutses O, _
Step1n= (602 X 10) mofecdies/mol — 14.87 mol O,
5 mol O, _ 14.87 mol O,
Step 2 7 TNO =~ »mol NO
n=14.87 mol O, x LmNO _ 17 97 0] NO
5 mol O,

Step 3 m = 11.92 mrot NO x 30.01 g/mot = 357.7 ¢ NO

Therefore, the mass of nitrogen oxide expected from the reaction is 357.7 g.

Check Your Solution

(@) The mol ratio of NHj to O, in this reaction is always 4:5, no matter what, which
is 1:1.25 in its lowest ratio. Dividing both the 1.995 mol of NHj3 and 2.49 mol of
O, by 1.995 will give the lowest ratio of 1:1.25. Your answer is consistent.

(b) The mol ratio of O:NO in this reaction is always 5:4, no matter what, which is
1.25:1 in its lowest ratio. Dividing both the 14.87 mol of O; and 11.92 mol of
NO by 11.92 will give the lowest ratio of 1.25:1. Your answer is consistent.
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Solutions for Practice Problems
Student Textbook page 254

23. Problem

24,

The following balanced chemical equation shows the reaction of aluminum with
copper(Il) chloride. If 0.25 g of aluminum reacts with 0.51 g of copper(II) chloride,
determine the limiting reactant.

ZAI(S) + 3CuC12(aq) — 3Cug + 2A1C13(aq)
What Is Required?

You need to find the limiting reagent in this reaction.

What Is Given?

Reactant Al =0.25 g
Reactant CuCl, = 0.51 g
Products are Cu and AlCl;

The equation is balanced.

Plan Your Strategy

Convert the given masses into moles (7). From the balanced equation, use the mole
ratio of the reactants and products to determine how much either of the products is
produced from the calculated number of moles of each reactant. In this case, we will
choose AICI3. The reactant giving the smallest amount of AlCl3 (in moles) is the
limiting reactant.

Act on Your Strategy

2Al () + 3CuClyaq) — 3Cug) + 2AICl3(aq)
mole ratio 2 3 3 2
molar mass 26.98 g 13454 63.55¢g 13333 ¢
given 0.25¢ 051¢g n
Number of moles of Al = % =0.01 mol
Number of moles of CuCl, = % = 0.004 mol

Therefore, the amount of AICl; that should be produced based on:

Al > =098 = 01 mol of AICI;

CuCly — » = L0992 = 0,003 mol of AlCI;

CuCl, will produce less AICl3 than Al, therefore, it is the limiting reagent.

Check Your Solution
The same result should be obtained using Cu as the basis for your calculations

instead of AICl;. The mole ratio of Al:Cu is 2:3; the mol ratio of CuCl,:Cu is 3:3.

For Al: 7 of Cu = 20 molAlx3mol Cu _ 5 15 0]
2 mol Al

For CuCls: 7 of Cu = 0.004 mol CuCl; x 3 mol CuCl; _ 0.004 mol
3 mol Cu

Again, the CuCl; produced less amount of the copper product, making it the
limiting reagent. Your result is reasonable.

Hydrogen fluoride, HE is a highly toxic gas. It is produced by the double displace-

ment reaction of calcium fluoride, CaF,, with concentrated sulfuric acid, H,SOx.
Can(S) + HzSO4(5) — ZHF(g) + CaSO4(s)

Determine the limiting reactant when 10.0 g of CaF, reacts with 15.5 g of H,SO4.

Chapter 7 Quantities in Chemical Reactions ¢ MHR

120



CHEMISTRY 11

25.

What Is Required?

You need to find the limiting reagent in this reaction.

What Is Given?

Reactant CaF, = 10.0 g
Reactant H,SO4 =155 ¢g
Products are HF and CaSOy
The equation is balanced.

Plan Your Strategy

Convert the given masses into moles (7). From the balanced equation, use the mole
ratio of the reactants and products to determine how much either of the products is
produced from the calculated number of moles of each reactant. In this case, we will
choose HE The reactant giving the smallest amount of HF (in moles) is the limiting
reactant.

Act on Your Strategy

CaFys) + H3S04(aq) — 2HF g + + CaS0y)
mole ratio 1 1 2 1
molar mass 78.08 ¢ 98.09¢ 20.01¢g 98.09¢
given 10.0g 15.5¢g n
_ 10.0 g CaF, _
Number of moles of CaF, = 75,08 gmol — 0.13 mol
155 H,80, _

Number of moles of H,SO4 = 0809 g/mol 0.16 mol

Therefore, the amount of HF that should be produced based on:
CaFy; —» n= w = 0.26 mol

H,SO4 — n = m = 0.32 mol
CaF, will produce less HF than H,SOy, therefore, it is the limiting reagent.

Check Your Solution

The same result should be obtained using CaSOy as the basis for your calculations
instead of HE The mole ratio of CaF;:CaSQOy is 1:1; the mol ratio of H,SO4:CaSOy
is 1:1.

For CaF,: n of CaSOy4 = 0.13 mol ?izlxclal:md €aS0s = .13 mol
2

For H,SOy: 7 of CaSO4 = %16 mol fjﬂf*lj Slo“ml Ca80i — .16 mol
2! 4

Again, the CaF, produced less amount of the calcium sulfate product, making it the
limiting reagent. Your result is reasonable.

Acrylic, a common synthetic fibre, is formed when 10.0 g of acrylonitrile C;H3N.
Acrylonitrile can be prepared by the reaction of propylene, CsHg, with nitric oxide,
NO.

4C3H6(g) + GNO(g) — 4C3H3N(g) + 6H20(g) + Nz(g)
What is the limiting reactant when 126 g of CsHj reacts with 175 g of NO?

What Is Required?

You need to find the limiting reagent in this reaction.

What Is Given?

Reactant C3Hg = 126 g

Reactant NO =175 g

Products are C3H3N, H,0, and N,
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26.

The equation is balanced.

Plan Your Strategy
Convert the given masses into moles (7). From the balanced equation, use the mole
ratio of the reactants and products to determine how much either of the products is
produced from the calculated number of moles of each reactant. In this case, we will

choose N,. The reactant giving the smallest amount of N, (in moles) is the limiting

reactant.

Act on Your Strategy

4C3Hgq) +6NO0q — | 4CsH3N(g +6H,0(q) + Nag)
mole ratio 4 6 4 6 1
molar mass 42.09 g/mol 30.01 g/mol 28.02 g/mol
given 126 ¢ 175¢ n
_ 126 g C3H(, _
Number of moles of C3Hg = T2.09 ghmol = 2.99 mol
Number of moles of NO = 28NO_ _ 5.83 mol
30.01 g/mol

Therefore, the amount of N, that should be produced based on:
C3Hg — n= % = 0.75 mol

NO — n=%=0.97m01

Therefore, C3Hj is the limiting reagent.

Check Your Solution

The same result should be obtained using either acrylonitrile or water as the basis for
your calculations instead of N;. For example, the mole ratio of C3Hg:H,O is 4:6; the
mol ratio of NO:H,O is 6:6.

) 2,99 mol C;Hg X 6 mol H,O _
For C3Hg: 7 of H,O = 7 mol G, = 4.48 mol

. _ 5.83 mol NO X 6 mol H,O _
For NO: n of H,O = 5 o NO 2= = 5.83 mol

Again, the C3Hg produced less amount of the water product, making it the limiting
reagent. Your result is reasonable.

Problem
3.76 g of zinc reacts with 8.93 x 10?* molecules of hydrogen chloride. Which
reactant is present in excess?

What Is Required?

You need to find the reactant in excess in the reaction.

What Is Given?

Reactant Zn = 3.76 g

Reactant HCI = 8.93 x 10?3 molecules.

You know Avogadro’s number = 6.02 x 10** molecules/mol.

Plan Your Strategy

Step 1 Write the balanced equation for this reaction.

Step 2 Determine the number of moles (7) of each reactant. For Zn, divide the given
mass by its molar mass. For HCI, divide the number of molecules by the
Avogadro number.

Step 3 From the balanced equation, use the mole ratio of the reactants and products
to determine how much either of the products is produced from the
calculated number of moles of each reactant. In this case, we will choose H,.
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The reactant giving the largest amount of H, (in moles) is the reactant in

€XCESS.

Act on Your Strategy

Zn + 2HCI ZnCl, +H,
mole ratio 1 3 1 1
molar mass 65.39 g/mol 36.46 g/mol 136.29 g/mol 2.02 g/mol
(8.93)(10%)
given 3.76¢g molecules n

Step 1 The balanced equation is
Zn + 2HCl — ZnCl; + H,

376 ¢7Zn _
65.39 g/mol 0.06 mol

_ 8.93 X 10% moteetdes HCl _
Number of moles of HCl = 5=~ — === = 1.48 mol

Step 3 Therefore, the amount of H; that should be produced based on:
Zn — ”:(0.07?)(1) = 0.06 mol

Step 2 Number of moles of Zn =

HCl — =020 = 0.74 mol
Therefore, HCl is present in excess.

Check Your Solution
The same result should be obtained using zinc chloride as the basis for your calcula-

tions instead of hydrogen. For example, the mole ratio of Zn:ZnCl, is 1:1; the mol
ratio of HCl:ZnCl, is 2:1.

For Zn: n of ZnCl, = 0.06 mol Zn x 1 mol ZnCl _ ) (5 ]
1 mol Zn

For HCl: 7 of ZnCl, = 148 molHCLX L mol 20Ch — 74 o]

Again, the HCI produced more ZnCl, product, making it the reagent in excess. Your
result is reasonable.

Solutions for Practice Problems
Student Textbook page 257

27. Problem

Chloride dioxide, ClO,, is a reactive oxidizing agent. It is used to purify water.
6C102(g) + 3H20(g) — 5HC103(aq) + HCl(aq)

(@) If 71.00 g of ClO; is mixed with 19.00 g of water, what is the limiting reactant?

(b) What mass of HCIO3 expected in part (a)?

() How many molecules of HCl are expected in part (a)?

What Is Required?

(a) You need to find the limiting reactant in the reaction.

(b) You need to find the mass of the HCIO;3 produced in the reaction.

() You need to find the number of molecules of HCI produced in the reaction.

What Is Given?

Reactant ClO; = 71.00 g

Reactant H,O = 19.00 g

Products are HCIO3 and HCI

The balanced equation is given.

You know Avogadro’s number = 36.02 X 10%* molecules/mol.
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Plan Your Strategy

(@) Convert the given masses into moles (7). From the balanced equation, use the
mole ratio of the reactants and products to determine how much either of the
products is produced from the calculated number of moles of each reactant. In
this case, we will choose HCIOs3. The reactant giving the smallest amount of
HCIOs3 (in moles) is the limiting reactant.

(b) Multiply the mole amount of HCIO3, obtained from the limiting reactant in (a),
by the molar mass of HCIOj to obtain its mass in grams.

(c) Repeat step (a) to solve for the number of moles of HCI produced by the limiting
reactant. Multiply this result by the Avogadro number to obtain the number of
molecules of HCI produced.

Act on Your Strategy

6C10yq) +3H,0(y) 5HCIO03(aq) + HCl(a)
mole ratio 6 3 5 1
molar mass 67.54 g/mol 18.02 g/mol 84.46 g/mol 36.46 g/mol
given 71009 19.00 g
(@) Number of moles of CIO, = % = 1.0526 mol
Number of moles of H,O = % = 1.0544 mol

Therefore, the amount of HCIO3 that should be produced based on:

ClO, - n= %66“ = 0.877 mol

H,0 — n= % = 1.757 mol

Therefore, ClO; is the limiting reagent.
(b) Number of moles of HCIO;3 produced = 0.877 mol (from (a))
Therefore, m = 0.877 mot HCIO3 X 84.46 g/mot = 74.07 g HCIO3
(c) Using the number of moles of ClO, (the limiting reagent):

Number of moles of HCI produced = m = 0.146 mol

Therefore, N = 0.146 mot HCI X (6.02 x 10**) molecules/mmot
= 8.8 X 10*? molecules HCI

Check Your Solution

The mole ratio of the reactants ClO,:H,O was 6:3 which is 2:1 in its lowest ratio.
The calculated mole ratio from the given masses of reactants was 0.877 mol
ClO,:1.757 mol H,O, which is 1:2 in its lowest ratio (dividing both by 0.877).
Clearly, there was not enough ClO, available to satisfy the ratio needed by the
balanced equation, therefore, it is the limiting reagent in this case. The results are
reasonable.

Problem
Hydrazine, N,Hy, reacts exothermically with hydrogen peroxide, H;O,.
N2H4(g) + 7H202(aq) — 2HN03(g) + SHZO(g)
(@) 120 g of NyHy reacts with an equal mass of H,O,. Which is the limiting
reactant?
(b) What mass of HNOj is expected?

(¢) What mass, in grams, of the excess reactant remains at the end of the reaction?

What Is Required?
(@) You need to find the limiting reactant in the reaction.
(b) You need to find the mass of the HNOj3 produced in the reaction.
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(c) You need to find the mass of excess reagent left over after the reaction.

What Is Given?

Reactant NoHy = 120 g
Reactant H,O, =120 g
Products are HNOj3 and H,O

The balanced equation is given.

Plan Your Strategy

(a) Convert the given masses into moles (7). From the balanced equation, use the
mole ratio of the reactants and products to determine how much either of the
products is produced from the calculated number of moles of each reactant. In
this case, we will choose HNOj. The reactant giving the smallest amount of
HNOs3 (in moles) is the limiting reactant.

(b) Multiply the mole amount of HNOj3, obtained from the limiting reactant in (a),
by the molar mass of HNOj to obtain its mass in grams.

(c) Using the mole ratio of the reactants N;H4 and H,O, from the balanced equa-
tion and the number of moles of the limiting reagent calculated in (a), equate and
solve for the number of moles of excess reagent used in this reaction. Subtract this
mole amount from the given mole amount calculated in (a) for the identified
excess reagent. Multiply the mole difference by the molar mass of the excess
reagent to obtain the mass left over.

Act on Your Strategy

N2Hae) + 7TH303(aq) — 2HNO3(q) + 6H,0(g)
mole ratio 1 7 2 6
molar mass 32.06 34.02 63.02 18.02
given 120 g 120 g n
_ 120 NH; _
(a) Number of moles of N,Hy = 32.06 gmol = 3.74 mol

_ 1208 H,0, _

Number of moles of H,O, = 340> gmol — 3.52 mol

Therefore, amount of HNOj that should be produced based on:
NoH; = 37822 = 7.48 mol

H,0, = % =1.01 mol

H,0; is the limiting reagent.
(b) Number of moles of HNOj produced = 1.01 mol (from (a))
Therefore, m = 1.01 mot HNO3 X 63.02 g/mot = 63.65 g HNO3

(c) Number of moles of N,H, used = M = 0.503 mol

Therefore, number of moles of N>H, in excess=3.74 mol—0.503 mol=3.24 mol
Hence, m = 3.24 mol NyHy x 32.06 g/mol = 103.87 g
The mass of N,Hy left over after the reaction is 103.87 g.

Check Your Solution

The mole ratio of the reactants NoHy to H,O; from the balanced equation is 1:7.
The calculated mole ratio from the given masses of reactants was 3.74 mol C
N,Hj4:3.54 mol H,O,, which is 1.06:1 in its lowest ratio (dividing both by 3.54).
Clearly, there was not enough H,O, available to satisfy the 1:7 ratio needed by the
balanced equation, therefore, it is the limiting reagent in this case and the N;Hy was
in excess. The results are reasonable.
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29. Problem

In the textile industry, chlorine is used to bleach fabrics. Any of the toxic chlorine
that remains after the bleaching process is destroyed by reacting it with a sodium
thiosulfate solution, NayS$,03,) -

NaZSZO3(aq) + 4C12(g) + SHZO(@ — 2NaHSO4(aq) + 8HC1(aq)
135 kg of Na,S,03 reacts with 50.0 kg of Cl, and 238 kg of water. How many grams
of NaHSOy are expected?

What Is Required?
You need to find the mass of the NaHSOj produced in this reaction.

What Is Given?

Reactant Na,S,03 = 135 kg
Reactant Cl, = 50.0 kg
Reactant H,O = 238 kg
Products are NaHSO4 and HCI

The balanced equation is given.

Plan Your Strategy

Follow the steps below:

Step 1 Determine the identity of the limiting reagent for the given amounts of reac-
tants. Convert the given masses into moles (7). From the balanced equation,
use the mole ratio of the reactants and products to determine how much
either of the products is produced from the calculated number of moles of
each reactant. In this case, we will choose NaHSOy. The reactant giving the
smallest amount of NaHSOy (in moles) is the limiting reactant. Remember to
convert the given kg quantities to grams before proceeding with the calcula-
tions.

Step 2 From Step 1, the number of moles of NaHSO4 produced by the limiting
reagent is the amount that will be produced by this reaction. Multiply this
mole amount by the molar mass of NaHSOy to obtain its mass in grams.

Act on Your Strategy

Na3S203(aq) +4Clyg) + 5H,04) 2NaHSO0, + 8HCl{aq)
Mole ratio 1 4 5 2 8
given 158.12 g/mol 70.9 g/mol 18.02 g/mol 120.07 g/mol | 36.46 g/mol
given 135 kg 50.0 kg 238 kg n
Step 1 Number of moles of Na,S,03 = (1'35128{?;):/:2;8203 = 853.778 mol
Number of moles of Cl, = %;;)wgl(llz = 705.22 mol
Number of moles of H,O = % = 13207.55 mol

Therefore, the mole amount of NaHSOy that should be produced based on:
N228203 — n= W = 17076 mol

1
Clz — on= 705.22 mol X 2 = 352.6 mol

4

H,O — n = 1320735 molX2 — 578 8 mol

The limiting reagent is Cl,.

Step 2 From Step 1, 352.6 mol of NaHSOy will be produced.
Therefore, 7 = 352.6 mot NaHSOy4 X 120.07 g/mot = 4.2 X 10% g.
The mass of NaHSO4 produced is 4.2 x 10% g.
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30.

Check Your Solution

The mole ratio of the reactants Na,S,03 to Cl; to H,O from the balanced equation
is 1:4:5. The calculated mole ratio from the given masses of reactants was
853.778:705.22: 13207.55, which is 1.2:1:18.7 in its lowest ratio (dividing all three
by 705.22). Clearly, there is not enough Cl, available to satisfy the 1:4 ratio needed
between it and Na,S,0s3, therefore, Cl, is the limiting reagent in this case. The results
are reasonable.

Problem
Manganese(III) fluoride can be formed by the reaction of manganese(II) iodide with
fluorine.
2Mn12(5) + 13F2(g) — 2MnF3(S) + 4IF5(4)
(@) 1.23 g of Mnl, reacts with 25.0 g of F,. What mass of MnFj3 is expected?
(b) How many molecules of IF5 are produced in part (a)?
(c) What reactant is in excess? How much of it remains at the end of the reaction?

What Is Required?

(@) You need to find the mass of the MnF; produced in this reaction.

(b) You need to find the number of IFsmolecules produced in this reaction.
(¢) You have to find the mass of excess reactant left over after the reaction.

What Is Given?

Reactant Mnl, = 1.23 g

Reactant F, =25.0 g

Products are MnFj and IF5

The balanced equation is given.

You know Avogadro’s number = 6.02 x 10** molecules/mol.

Plan Your Strategy

(@) Determine the identity of the limiting reagent for the given amounts of reactants.
Convert the given masses into moles (7). From the balanced equation, use the
mole ratio of the reactants and products to determine how much MnFj is pro-
duced from the calculated number of moles of each reactant. The reactant giving
the smallest amount of MnF3 (in moles) is the limiting reactant. Take this smaller
mole amount of MnFj3 and multiply it by its molar mass to obtain the mass in
grams.

(b) Repeat (a) to establish the mole ratio of the limiting reagent to IFs from the bal-
anced equation, and equate and solve for the number of moles of IFs. Multiply
this mole amount by the Avogadro number to establish the number of molecules
of IFs produced.

(c) From (a), the excess reactant can be identified. Using the mole ratio of Mnl, and
F, from the balanced equation and the number of moles of limiting reagent used
in the reaction, equate and solve for the mole amount of the excess reagent.
Subtract this value from the given mole amount at the start of the reaction to
obtain the mole amount in left over.

Act on Your Strategy

2Mnlys) + 13Fyq) — 2MnF3g + 41Fsp)
mole ratio 2 13 2 4
molar mass 308.74 g/mol 38.00 g/mol 111.94 g/mol 221.90 g/mol
given 1.23¢g 2509 m
_ 123gMnl, _
(a) Number of moles of Mnl, = 308.74 glmol — 0.004 mol
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250eF, _
36,00 gfmol — 0-058 mol

Therefore, the number of moles of MnF3 that should be produced based on:

Mnl, — n= w = 0.004 mol

Number of moles of F, =

Fy — n=068mlX2 — 0101 mol

The limiting reagent is Mnl,.

Using the mole amount produced by the limiting reagent:
m = 0.004 rmrot MnF3 x 111.94 g/mot = 0.446 g MnF;
Therefore, 0.446 g of MnF3 will be produced.

(b) Number of moles of IFs produced = W = 0.008 mol

N = 0.008 mol IFs x (6.02 x 10?%) molecules/mol = 4.8 x 10?! molecules
Therefore, 4.8 X 10?' molecules of IFs will be produced.
(c) From (a), the reactant in excess is F».

Number of moles of F, used = w = 0.026 mol

Therefore, number of moles of F, in excess=0.658 mol—0.026 mol=0.632 mol.

Check Your Solution

The mole ratio of the reactants Mnl, to F, from the balanced equation is 2:13,
which is 1:6.5 in its lowest ratio. The calculated mole ratio from the given masses of
reactants was 0.004 mol Mnl,:0.65 mol F,, which is 1:162 in its lowest ratio (divid-
ing both by 0.004). Clearly, there is not enough Mnl, available to react with the vast
amount of F, present at the start of the reaction. Therefore, Mnl, is the limiting
reagent in this case. The results are reasonable.

Solutions for Practice Problems
Student Textbook pages 262, 264

31. Problem

20.0 g of bromic acid, HBrO3, is reacted with excess HBr.
HBr03(aq) + SHBr(aq) — 3H20(() + 3Br2(aq)

(@) What is the theoretical yield of Br;, for this reaction?

(b) If 47.3 g of Br, is produced, what is the percentage yield of Br,?

What Is Required?
(@) You need to find the theoretical yield of Br in the reaction.
(b) You need to find the actual percentage yield of Br from the mass produced.

What Is Given?
(@) Mass of reactant bromic acid = 20.0 g.
(b) Actual yield of Br, = 47.3 g.

The balanced equation is given.

Plan Your Strategy

(@) Divide the mass of bromic acid by its molar mass to obtain the mole amount. Use
this value and the mole ratio of HBrO3 to Br, from the balanced equation to
equate and solve for the number of moles of Br, produced. Multiply this value by
the molar mass of Br, to obtain the theoretical yield in grams.

(b) Divide the given actual yield by the theoretical yield calculated in (a) and multiply
by 100%.
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32,

Act on Your Strategy

HBI’Og(aq) + 5HBI’(aq) — 3H20(|) + 3Bl’z(aq)
mole ratio 1 5 3 3
molar mass 128.91 g/mol 80.91 g/mol 18.02 g/mol 159.8 g/mol
given 200g m
_ 200 g HBrO; _
(a) Number of moles of HBrO3 = 12897 gmol = 0.155 mol

Therefore, the number of moles of Br, produced = W = 0.465 mol
Hence, 7 = 0.465 mol Br, X 159.8 g/mol = 74.38 g
The theoretical yield of Br, is 74.38 g.

473 ¢ _
7438 ¢ X 100% = 63.6%

(b) Percentage yield of Br, =

Check Your Solution
Use whole numbers for a quick inspection: ;—Z = 0.635. This decimal result is
consistent with the percentage result.

Problem
Barium sulfate forms as a precipitate in the following reaction:

Ba(NO3)2(aq) + NaSO4(aq) — BaSO4(S) + 2NaN03(aq)
When 35.0 g of Ba(NO3), is reacted with excess NaSOy, 29.8 g of BaSOy is
recovered by the chemist.
(a) Calculate the theoretical yield of BaSOy.
(b) Calculate the percentage yield of BaSOj.

What Is Required?
(@) You need to find the theoretical yield of BaSOy in the reaction.
(b) You need to find the actual percentage yield of BaSOy4 from the mass recovered.

What Is Given?
(@) Mass of reactant Ba(NO3), = 35.0 g.
(b) Actual yield of BaSO4 = 29.8 g.

The balanced equation is given.

Plan Your Strategy

(a) Divide the mass of Ba(NOj3), by its molar mass to obtain the mole amount. Use
this value and the mole ratio of Ba(NO3), to BaSOy4 from the balanced equation
to equate and solve for the number of moles of BaSO4 produced. Multiply this
value by the molar mass of BaSOj4 to obtain the theoretical yield in grams.

(b) Divide the given actual yield by the theoretical yield calculated in (a) and multiply
by 100%.

Act on Your Strategy

Ba(NO3)y(aq) +NaS04aq | — BaS0yy) + 2NaNO3(aq)
mole ratio 1 1 1 2
molar mass 261.35 g/mol 142.05 g/mol 233.4 g/mol 85 g/mol
given 35049 m
(a) Number of moles of Ba(NO3), = 35.0g BaNOy), _ 0.134 mol

Therefore, the number of moles of BaSO4 produced =

261.35 g/mol

1

Hence, m = 0.134 mot BaSOy4 X 233.4 g/mot = 31.28 ¢
The theoretical yield of BaSOy4 is 31.28 g.
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34.

298 g

(b) Percentage yield of BaSOy4 = 3128 ¢

Check Your Solution
Use whole numbers for a quick inspection: g—(l) = 0.968. This decimal result is
consistent with the percentage result.

X 100% = 95.3%

Problem
Yeasts can act on a sugar, such as glucose, CsH;204, to produce ethyl alcohol,
C,HsOH, and carbon dioxide.

CeH 1,06 — 2C2H5OH + 2C0O,
If 223 g of ethyl alcohol are recovered after 1.63 kg of glucose react, what is the
percentage yield of the reaction?

What Is Required?
You need to find the percentage yield of this reaction.

What Is Given?
Reactant glucose = 1.63 kg. Actual yield of ethyl alcohol = 223 g. The balanced
equation is given.

Plan Your Strategy

First find the theoretical yield: Divide the mass of glucose by its molar mass to obtain
the mole amount. Use this value and the mole ratio of glucose to ethyl alcohol from
the balanced equation to equate and solve for the number of moles of ethyl alcohol
produced. Multiply this value by the molar mass of ethyl alcohol to obtain the theo-
retical yield in grams. Finally, divide the given actual yield by the theoretical yield and
multiply by 100%.

Act on Your Strategy

CgH120s — 2C,Hs0H +2C0,
mole ratio 1 2 2
molar mass 180.18 g/mol 46.08 g/mol 44.01 g/mol
given 1.63 kg m

_ (1.63 x 10°) & C4H 5,04
Number of moles of CsH 5,04 = 180.18 g/mol

Number of moles of C;HsOH produced = M = 18.09 mol

Therefore, m = 18.09 mot C,HsOH X 46.08 g/mol = 833.7 g C,HsOH produced

= 9.045 mol

Finally, the percentage yield of C,HsOH = 8233;7gg X 100% = 26.7%
Check Your Solution
Use whole numbers for a quick inspection: 22 = (.25. This decimal result is

800
consistent with the percentage result.

Problem
The following reaction proceeds with a 70% yield.
CgHG(Z) + HNO3(aq) — CgHsNoz(g) + HZO(@
Calculate the mass of CsHsNO, expected if 12.8 g of CsHg expected if 12.8 g of
CsHg reacts with excess HNOj.

What Is Required?
You have to find the actual yield of C¢HsNO, in this reaction.

What Is Given?
Reactant CgHg = 12.8 g. Percentage yield of CsHsNO, is 70%. The balanced equa-
tion is given.
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Plan Your Strategy

First find the theoretical yield: Divide the mass of C¢Hg by its molar mass to obtain
the mole amount. Use this value and the mole ratio of CsHg to CsHsNO,; from the
balanced equation to equate and solve for the number of moles of CsHsNO, pro-
duced. Multiply this value by the molar mass of C¢HsNO, to obtain the theoretical
yield in grams. Finally, multiply the theoretical yield by the percentage yield (convert-

ed to a decimal) to obtain the actual yield in grams.

Act on Your Strategy

CGHB(” + HNOg(aq) g CGH5N02(|) + HzO“)
mole ratio 1 1 1 1
molar mass 78.12 g/mol 63.02 g/mol 123.12 g/mol 18.02 g/mol
given 128¢g m
_ 128 & _
Number of moles of CsHg = T80z gl = 0.164 mol

Number of moles of CsHsNO; produced = w = 0.164 mol

Therefore, m = 0.164 mot CcHsNO, X 123.12 g/mot = 20.19 g CsHsNO,
Finally, the actual yield = 20.19 g CédHsNO, x 0.70 = 14.1 g

Check Your Solution
Use whole numbers for a quick inspection: 20 X 0.70 = 14.0. The results match.

Problem
The reaction of toluene, C;Hg, with potassium permanganate, KMnOy, gives less
than a 100% yield.
C7Hg(5) + 2KMnO4(aq) — KC7H502(aq) + ZMNOZ(S) + KOH(aq) + HZO(@
(a) 8.60 g of C;Hg is reacted with excess 2KMnOy4. What is the theoretical yield, in
grams, of KC7H50,?
(b) If the percentage yield is 70.0%, what mass of KC;Hs5O; can be expected?
() What mass of C;Hg is needed to produce 13.4 g of KC;HsO,, assuming a yield
of 60%?

What Is Required?

(@) You need to find the theoretical yield of KC;Hs0,.

(b) You need to find the mass of KC;HsO, assuming the given percentage yield.

(c) You need to find the mass of C;Hg that yields the give percentage yield of prod-
uct.

What Is Given?

(a) Reactant C;Hg =8.6 g

(b) Percentage yield of product KC;HsO, = 70%

(c) Product KC;HsO, = 13.4 g at a percentage yield of 60%
The balanced equation is given.

Plan Your Strategy

(a) Divide the mass of C;Hg by its molar mass to obtain the mole amount. Use this
value and the mole ratio of C;Hg to KC;HsO, from the balanced equation to
equate and solve for the number of moles of KC;HsO, produced. Multiply this
value by the molar mass of KC;HsO, to obtain the theoretical yield in grams.

(b) Multiply the theoretical yield in (a) by the percentage yield (converted to a deci-
mal) to obtain the actual yield in grams.

(c) Work backward with the given values. Divide the given theoretical yield by the
percentage yield (converted to a decimal) to obtain the actual yield in grams. Dive
this mass by the molar mass of KC;HsO; to obtain its number of moles. Use this
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value and the mole ratio of C;Hg to KC;H50, from the balanced equation to
equate and solve for the number of moles of C;Hg. Multiply this value by the
molar mass of C;Hg to obtain the mass.

Act on Your Strategy

CyHgm + 2KMnO4(aq) — KC7H502(aq) + ZMI‘]OZ(S) + KOH(aq) + H20(|)
mole ratio 1 2 1 2 1 1
molar mass| 92.15 g/mol | 158.04 g/mol 160.22 g/mol | 86.94 g/mol | 56.11 g/mol | 18.02 g/mol
given 8.60¢g m
(a) Number of moles of C;Hg = 9215 gmol 0.093 mol

Number of moles of KC;H50, produced = M = 0.093 mol

Therefore, m = 0.093 mot KC;H50, x 160.22 g/mot = 149 g
The theoretical yield of KC;Hs50,; is 14.9 g.
(b) Expected yield = actual yield = 14.9 g KC;HsO, x 0.70 = 10.43 g KC;Hs0O,

() Actual yield of KC/H50, = % =223g¢g

Number of moles of KC;Hs0O, = %Cgﬁ;loz = 0.139 mol

Number of moles C;Hg required = %molxl = 0.139 mol

m = 0.139 mot C;Hg X 92.15 g/mol = 12.8 g
The mass of C;Hg required is 12.8 g.

Check Your Solution
1043 ¢

(a) and (b). The number of moles of actual KC;Hs0, = 16022 glmol = 0.065 mol.
The theoretical number of moles calculated = 0.093 mol.
Actual mole / theoretical mol = % = 0.698 = 69.8% . This is consistent with

the 70% percentage yield given.
(c) Likewise, the theoretical number of moles of 13.4 g

_ 134 ¢
KGHs0: = 152 &/mol

calculated = 0.139 mol.
Actual mole / theoretical mol = 2983 — 0.601 = 60.1% . This is consistent with

0.139
the 60% percentage yield given.

= 0.0836 mol. The actual number of moles

Problem

Marble is made primarily of calcium carbonate. When calcium carbonate reacts with
hydrogen chloride, it reacts to form calcium chloride, carbon dioxide, and water. If
this reaction occurs with 81.5% yield, what mass of carbon dioxide will be collected

if 15.7 g of CaCOs is added to sufficient hydrogen chloride?

What Is Required?
You need to find the actual yield of CO; from the reaction.

What Is Given?
Reactant CaCO3 = 15.7 g. Percentage yield of CO; = 81.5%. The reactants and
products of the reaction are given.

Plan Your Strategy

Step 1 Write the full balanced equation for this reaction.

Step 2 Determine the theoretical yield of CO,. Divide the mass of CaCOj3 by its
molar mass to obtain the mole amount. Use this value and the mole ratio of
CaCOj3 to CO; from the balanced equation to equate and solve for the
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number of moles of CO; produced. Multiply this value by the molar mass of

CO; to obtain the theoretical yield in grams.

Step 3 Multiply the theoretical yield by the percentage yield (converted to a decimal)

to obtain the actual yield in grams.

Act on Your Strategy

CaCO0ss) +2HClaq | — CaClys + C0gy4) + Ha0¢)
mole ratio 1 2 1 1 1
molar mass | 100.09 g/mol | 36.46 g/mol 110.98 g/mol | 44.01 g/mol 18.02 g/mol
given 15.7¢ m

Step 1 Balanced equation: CaCOg(S) + 2HCl(aq) — CaClz(S) + COz(g) + HzO(@)
Step 2 Number of moles of CaCO3 =

Number of moles of CO; produced =

15.7 £ CaCO; _
100.09 g/mol

1

0.159 mol CaCOs3
0159 mol X1 _ () 159 mol CO,

Theoretical yield of CO, = 0.159 mol CO, X 44.01 g/mot = 6.99 g

Step 3 Actual yield = 6.99 g CO, x 0.815 = 5.69 g CO,

Check Your Solution
0.129 mol of actual CO, produced.

5.69 £ CO, _
44.01 g/mol -

Actual mole / theoretical mol = 2122 = 0.811 = 81.1%. This is close to the 81.5%

0.159

value given in the question. The answer is reasonable.

37. Problem
Mercury, in its elemental form or in a chemical compound is highly toxic.
Water-soluble mercury compounds, such as mercury(Il) nitrate, can be removed from

industrial wastewater by adding sodium sulfide to the water, which forms a precipi-

tate of mercury(II) sulfide, which can then be filtered out.

of Na,§, what mass of HgS can be expected if this process occurs with 97.0% yield?

Hg(NO3)2(aq) + NaZS(aq) — HgS(S) + 2NaN03(aq)
If 3.45 x 10% formula units of Hg(NO3), are reacted with excess Na,S, what mass

What Is Required?
You need to find the actual yield of HgS produced.

What Is Given?
Reactant Hg(NO3), = 3.45 x 10% formula units.
The percentage yield of product HgS = 97.0%.

The balanced equation is given.
You know Avogadro’s number = 6.02 X 10%* formula units/mol.

Plan Your Strategy
Step 1 Determine the theoretical yield of HgS. Divide the number of formula units
of Hg(NOs3);, by Avogadro’s number to obtain the mole amount. Use this

value and the mole ratio of Hg(NO3), to HgS from the balanced equation to

equate and solve for the number of moles of HgS produced. Multiply this
value by the molar mass of HgS to obtain the theoretical yield in grams.

Step 2 Multiply the theoretical yield by the percentage yield (converted to a decimal)

to obtain the actual yield in grams.
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Act on Your Strategy

Hg(NO3)y(aq) + NayS(aq) — HgSs) + 2NaNO3(aq)
mole ratio 1 1 1 2
molar mass 324.61 g/mol 55.06 g/mol 232.66 g/mol 85 g/mol
3.45x 108
given formula units m

Step 1 Number of moles of Hg(NO;), = (6(032'43 Tolgz? formutamits ]/m 5

= 0.573 mol

Number of moles of HgS produced = w = 0.573 mol

Theoretical yield, 7 = 0.573 mot HgS X 232.66 g/mol = 133.3 g HgS
Step 2 Actual yield = 133.3 g HgS X 0.97 = 129.3 g HgS

Check Your Solution

—213229635;& = 0.556 mol of actual Hg$ produced.

Actual mole / theoretical mol = % =0.970 = 97.0% . This is equal to the value

given in the question.

38. Problem

An impure sample of silver nitrate, AgNO3, has a mass of 0.340 g. It is dissolved in
water and then treated with excess hydrogen chloride, HCl(yq). This results in the
formation of a precipitate of silver chloride, AgCl.

AgNO3(aq) + HCl(aq) X AgCl(s) + HNOg(aq)
The silver chloride is filtered, and any remaining hydrogen chloride is washed away.
Then the silver chloride is dried. If the mass of the dry silver chloride is measured to
be 0.213 g, what mass of silver nitrate was contained in the original (impure) sample?

What Is Required?

You need to find the total mass of the original (impure) silver nitrate.

What Is Given?

Reactant silver nitrate = 0.340 g.

Actual yield of the silver chloride = 0.213 g.

The balanced equation is given. You can assume the reaction proceeds to completion
under the excess HCL.

Plan Your Strategy

Divide the actual yield of silver chloride by its molar mass to obtain the number of
moles. Use this value and the mole ratio of AgNO3 and AgCl from the balanced
equation to equate and solve for the number of moles of AgNOj3. Multiply this value
by the molar mass of silver nitrate to obtain the mass.

Act on Your Strategy

AgNOs(aq) + HC|(aq) g AgCI(s, + HN03(aq)
mole ratio 1 1 1 1
molar mass 169.88 g/mol 36.46 g/mol 143.32 g/mol 63.02 g/mol
given m 0.213 g
_ 0.123 g AgCl _
Number of moles of of AgCl produced = 14552 glmol = 0.0015 mol

Number of moles of AgNOj required =

0.0015mol X L _ 5015 mol

Therefore, m = 0.0015 mot AgNO3 X 169.88 g/mol = 0.254 g.
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Therefore, 0.254 g of silver nitrate in the original sample.

Check Your Solution
[Note that the mass of the original sample was not needed for the calculation.] Work
backwards. The mass of silver nitrate calculated divided by the number of moles

%;mgol = 169.33 g/mol. This is close to the value in

the calculations. Your answer is reasonable.

should give the molar mass.

Problem

Copper metal is mined as one of the several copper-containing ores. One of these

ores contains copper in the form of malachite. Malachite exists as a double salt,

Cu(OH); * CuCOs. It can be thermally decomposed as 200°C to yield copper(Il)

oxide, carbon dioxide gas, and water vapour.

Cu(OH)z ° CuCOg(S) — ZCUO(S) + COz(g) + HzO(g)

(@) 5.000 kg of malachite ore, containing 5.20% malachite, Cu(OH), * CuCO3, is
thermally decomposed. Calculate the mass of copper(Il) oxide that is formed.
Assume 100% reaction.

(b) Suppose that the reaction has a 78.0% yield, due to incomplete decomposition.
How many grams of CuO would be produced?

What Is Required?
(@) You need to find the theoretical yield of CuO formed in the reaction.
(b) You need to find the actual yield of CuO at the given percentage yield.

What Is Given?

(a) Malachite ore = 5.000 kg; malachite composition in ore = 5.20%. Reaction
proceeds to 100%.

(b) Percentage yield of CuO is 78.0%.

Plan Your Strategy

(@) Multiply the mass of malachite ore by the given percentage (expressed as a deci-
mal) to get the mass of the malachite. Convert the kg quantity to gram. Divide
this mass in grams by the molar mass of malachite to obtain the number of moles.
Use this value and the mole ratio of Cu(OH), ¢ CuCOj3 and CuO from the bal-
anced equation to equate and solve for the number of moles of CuO. Multiply
this value by the molar mass of CuO to obtain the theoretical yield in grams.

(b) Multiply the theoretical yield obtained in (a) by the percentage yield (expressed as
a decimal) to get the actual yield in grams.

Act on Your Strategy

Cu(OH);+CuCOs | — 2Cu0y + C0yq) + Hy0(g)
mole ratio 1 2 1 1
molar mass 221.13 g/mol 79.55 g/mol 44.01 g/mol 18.02 g/mol
given 5.000 kg

(@) Mass of Cu(OH), * CuCOj in malachite ore = 5.0 x 10° g x 0.052=260g

Number of moles of Cu(OH), ¢ CuCO; = 260 gg;l(??;jr;o(l:ucoa = 1.18 mol

Number of moles of CuO produced = M = 2.36 mol

Mass CuO produced = 2.36 mrot X 79.55 g/mot = 187.1 g
The theoretical yield of CuO is 187.1 g.
(b) Actual yield = 187.1 g CuO x 0.78 = 1459 g
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Check Your Solution
The actual yield in mole amount is %;fwl
Acwal mole _ 1834 _ () 777 — 77 79, This closely matches the

theoretical mol ~  2.36
percentage yield of 78% given in the question. The result is reasonable.

= 1.834 mol.

Problem
Ethylene oxide, C;H4O, is a multi-purpose industrial chemical used, among other
things, as a rocket propellant. It can be prepared by reacting ethylene bromohydrin,
C,HsOBr, with sodium hydroxide.

C,H50Br + NaOH — C,H4O + NaBr + H,O
If this reaction proceeds with an 89% yield, what mass of C;H4O can be obtained
when 3.61 X 10%* molecules of C;HsOBr react with excess sodium hydroxide?

What Is Required?
You need to find the actual yield of the C;H4O produced.

What Is Given?

Reactant C;HsOBr = 3.61 x 10?® molecules

Reactant NaOH is in excess

Percentage yield of C,H4O = 89%

You are given the balanced equation.

You know Avogadro’s number = 6.02 X 10> molecules/mol.

Plan Your Strategy

First determine the theoretical yield. Divide the given number of molecules of
C,HsOBr by the Avogadro number to obtain its number of moles. Use this value
and the mole ratio of C;HsOBr and C;H4O from the balanced equation to equate
and solve for the number of moles of C;H4O. Multiply this value by the molar mass
of C;H4O to obtain the theoretical yield in grams. Multiply the theoretical yield by
the percentage yield (expressed as a decimal) to get the actual yield in grams.

Act on Your Strategy

C,H50Br +NaOH C,H,0 + NaBr +H,0
mole ratio 1 1 1 1 1
molar mass | 124.97 g/mol 40 g/mol 44.06 g/mol 102.89 g/mol 18.02 g/mol
3.61x 108
given molecules m
Number of moles of C,;HsOBr = 2:61.% 107 mofeeutes CHSOBr _ ) 6 ]

Number of moles of C;H4O produced =

6.02 X 10 moteeates/mol
0.6 mol x 1 — 06m01

1

Hence, m of C;H40 = 0.6 mot C;H40 X 44.06 g/mot = 26.41 ¢

Actual yield = 26.41 g C,H40 x 0.89 = 23.5 g C,H,O

Check Your Solution

The actual yield in mole amount is

Actual mole

0.6

44.06 g/mol
= 0333 — ) 889 = 88.9%. This closely matches the

theoretical mol

= 0.533 mol.

percentage yield of 89% given in the question. The result is reasonable.

Chapter 7 Quantities in Chemical Reactions ¢ MHR

136



