Section 7.4: Calculations Involving Limiting Reagents

Tutorial 1 Practice, page 332

1. Given: nyyo, =2.3mol; ny,co, =2.0 mol
Required: amount of water, ny,

Solution:
Step 1. List the given values and the required value.
HNOs(aq) + NaHCO;(s) — H,O(1) + CO»(g) + NaNOs(aq)

2.3 mol 2.0 mol Mi1,0
Step 2. Determine the limiting reagent.
1 mol
Matico, = 23 % x——2
‘* L molgl”
Myanco. = 2-3 mol

Since the amount of sodium hydrogen carbonate present initially is less than the required
amount, sodium hydrogen carbonate is the limiting reagent.
Step 3. Convert amount of sodium hydrogen carbonate to amount of water.

1 molH o

_ 2
”Hzo =2.0 mo Aico, X—
1 mo

aHCO,

Nyo= 2.0 mol

Statement: When 2.3 mol of nitric acid is combined with 2.0 mol of sodium hydrogen

carbonate, 2.0 mol of water is produced.
2. Given: ny =5.2mol; ny,,, =1.5mol

Required: amount of chlorine, n,,

Solution:

Step 1. List the given values and the required value.

4 HCl(aq) + MnOy(s) — Cly(g) + 2 H,O(1) + MnCl,(aq)
5.2 mol 1.5 mol Ry,

Step 2. Determine the limiting reagent.

nMnO =

HCl1

n

Since the amount of manganese dioxide present is greater than the required amount, hydrochloric
acid is the limiting reagent.
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Step 3. Convert amount of hydrochloric acid to amount of chlorine.

ne =

o = 1.3 mol
Statement: 1.3 mol of chlorine can be made from 5.2 mol of hydrochloric acid and 1.5 mol of
manganese dioxide.

3. (a) 2 Al(s) + 3 In(s) — 2 Alls(s)

(b) Given: n,, =0.50 mol; n;, =0.6mol

Required: amount of product, n,,

n

Solution:

Step 1. List the given values and the required value.
2A1s) + 3I(s) — 2All;s)

0.50 mol 0.60 mol M,

Step 2. Determine the limiting reagent.

n =0.50 %XW

n, = 0.75 mol

Since the amount of iodine present is less than the required amount, iodine is the limiting
reagent.
Step 3. Convert amount of iodine to amount of product.

L = 0.60 mot] X ——
3 2 3 m

n

n,; = 0.4 mol

Statement: The amount of product that can be made from 0.50 mol of aluminum and 0.60 mol
of iodine is 0.4 mol.

4. (a) 2 Al(s) + Fe,0s(s) — 2 Fe(s) + ALOs(s)

(b) Given: n,, =0.26 mol; ngq, =0.10mol

Required: amount of iron, ng,

Solution:
Step 1. List the given values and the required value.
2 Al(s) + FeOs(s) — 2 Fe(s)+ Al,Os(s)

0.26 mol 0.10 mol g

€

Copyright © 2011 Nelson Education Ltd. Chapter 7: Stoichiometry in Chemical Reactions 7.4-2



Step 2. Determine the limiting reagent.

Ne, o = 0.13 mol

Since the amount of iron(Ill) oxide present is less than the required amount, iron(IIl) oxide is the
limiting reagent.
Step 3. Convert amount of iron(III) oxide to amount of iron.

2m01F
231 mo

N0

273

N, = 0.20 mol

Statement: When 0.26 mol of aluminum is combined with 0.10 mol of iron(IIl) oxide, 0.20 mol
of iron is expected.
(c) Given: n,, =0.26 mol; ng,,,, =0.10mol

Required: amount of aluminum oxide, »n,,
2Y3

Solution:

Step 1. List the given values and the required value.
2 Al(s) + FexOs(s) — 2 Fe(s) + ALOs(s)

0.26 mol 0.10 mol M ALOs

Step 2. Convert amount of iron(III) oxide to amount of aluminum oxide.

1 mol ALO,
n =0.10 mo X —23
AlO, €,0, 1 mo
¢,0,

Nyao = 0.20 mol

Statement: When 0.26 mol of aluminum is combined with 0.10 mol of iron(IIl) oxide, 0.10 mol
of aluminum oxide is expected.

Tutorial 2 Practice, page 334
1. Given: mg, =10.0g; m.=7.00g
Required: mass of silicon carbide, mg;

Solution:

Step 1. List the given values, the required value, and the corresponding molar masses.
SiOy(s) + 3C(s) — SiC(s)+2COx(g)

10.0 g 7.00 g Mg;c

60.09 g/mol 12.01 g/mol 40.10 g/mol
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Step 2. Convert mass of given substances to amount of given substances.

1 rnolSioz

60.09 ¢

ng, =0.166 42 mol [two extra digits carried]

2

Nsio

=10.0 g x

1 mol.
12.01 g
n. =0.582 85 mol [two extra digits carried]

Step 3. Determine the limiting reagent.

3 mol
n =0.166 42 %x—c
C 1 mok”

n. = 0.499 26 mol

Since the amount of carbon present is greater than the amount required, silicon dioxide is the
limiting reagent.
Step 4. Convert amount of silicon dioxide to amount of silicon carbide.

1 molg. .
ng. =0.166 42 %x—
C 1 mokg”

1 2

ng, = 0.166 42 mol
Step 5. Convert amount of silicon carbide to mass of silicon carbide.

g = (0.166 42 md)[‘ﬁil/lgj
(0]

e =7.00g><

mg =6.67¢

Statement: When 10.0 g of silicon dioxide is combined with 7.00 g carbon, 6.67 g silicon
carbide is expected.
2. Given: mg, =5.00g; mg, =9.00g

Required: mass of iron(III) chloride, my,,

Solution:

Step 1. List the given values, the required value, and the corresponding molar masses.
2Fe(s) + 3Cl(g) — 2FeCls(s)

5.00¢g 9.00g Mecl,

55.85 g/mol  70.90 g/mol 162.20 g/mol
Step 2. Convert mass of given substances to amount of given substances.

1 mol
55.85 ¢
ng. =0.089 526 mol [two extra digits carried]

NS S.OOg X
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1 molC12

70.90 g
ne, =0.126 94 mol [two extra digits carried]

n, =9.00 g

Step 3. Determine the limiting reagent.

=0.089 526 X ——=

Cl, Fe
2 ety

ne, =0.134 289 mol
Since the amount of chlorine present is less than the required amount, chlorine is the limiting
reagent.
Step 4. Convert amount of chlorine to amount of iron(III) chloride.
2 mol
Moy, =0.126 94 mok?” x ——
3 2 3 m 4
Mec, =0.084 627 mol

Step 5. Convert amount of iron(III) chloride to mass of iron(III) chloride.

1622 ¢
=(0.084 627
mr-e(‘l3 ( m/)( 1 m/j

m =13.7¢g

Statement: When 5.00 g of iron is combined with 9.00 g carbon, 13.7 g iron(III) chloride is
expected.
3. (a) Given: my,, =0.34g; m,, =1.00g

Required: limiting reagent

Solution:

Step 1. List the given values and the corresponding molar masses.
4NH3(g) + 50x(g) —4NO(g) + 6 HO(g)

034¢g 1.00 g

17.04 g/mol  32.00 g/mol

Step 2. Convert mass of given substances to amount of given substances.

1 mol

NH
Ny, =034 gx——=
N, X701 4
Ny = 0.019 99 mol [two extra digits carried]

1 molO

1.00
£ 32.00 g
n, =0.031 25 mol [two extra digits carried]

2
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Step 3. Determine the limiting reagent.

n, = 0.024 99 mol

Statement: Since the amount of oxygen present is greater than the required amount, ammonia is
the limiting reagent.

(b) Given: myy;, =0.34g; my, =1.00g; ng, =0.019 99 mol

Required: myg; my o

Solution:

Step 1. List the given values, the required values, and the corresponding molar masses.

4NHs(g) + 50,(g) — 4NO(g) + 6H0(Q)
0.01999 mol Mo Mo

0.34 ¢ 1.00 g My Mo

17.04 g/mol  32.00 g/mol 30.01 g/mol 18.02 g/mol
Step 2. Convert amount of ammonia to amount of nitrogen monoxide.

4 mol
_ 0
nNO—0.019 99 m <, ><—4 N
m NH,
Nyo = 0.019 99 mol

Step 3. Convert amount of ammonia to amount of water.

n, - =0.
H,0 NH,

My o = 0.029 99 mol
Step 4. Convert amount of nitrogen monoxide to mass of nitrogen monoxide.

Mo =(0.01999 p6l) 3001 g
lmd

my, =0.60 g
Step 5. Convert amount of water to mass of water.

18.02
my o =(0.029 99 6l )| ———=
2 lmé

=054¢g

My o
Statement: When 0.34 g of ammonia combines with 1.00 g of oxygen, 0.60 g of nitrogen
monoxide and 0.54 g water are produced in the reaction.
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Section 7.4 Questions, page 335
1. Table 1 Amounts Involved in the Synthesis of Water

2 Hy(g) + Ox(g) — 2 H,0(g)

Amount of hydrogen Amount of oxygen Amount of water Amount of excess reagent
(mol) (mol) (mol) remaining (mol)
2 2 2 1 mol O,
6 2 4 2 mol H,
0.4 0.8 0.4 0.6 mol O,
8 2.5 5 3 mol H,

2. Table 2 Amounts Involved in the Synthesis of Ammonia

Na(g) +3 Ha(g) — 2 NHi(g)

Amount of nitrogen Amount of hydrogen | Amount of ammonia | Amount of excess reagent
(mol) (mol) (mol) remaining (mol)
4 13 8 1 mol H,
0.90 0.25 0.17 0.82 mol N,
0.30 0.24 0.16 0.22 mol N,
1.5 5.0 3.0 0.50 mol H,
1.4 5.0 2.8 0.80 mol H,

3. (a) Given: ny, =0.58mol; ny, =0.20 mol

Required: limiting reagent; excess reagent
Solution:

Step 1. List the given values.

3 Mg(s) + Na(g) — MgzNa(s)

0.58 mol  0.20 mol

Step 2. Determine the limiting reagent.

Statement: Since the amount of nitrogen present is greater than the required amount, magnesium
is the limiting reagent and nitrogen is the excess reagent.
(b) Given: n¢, =53mol; 1y, =3.8mol

Required: limiting reagent; excess reagent
Solution:

Step 1. List the given values.

3 Ca(s) + 2 AlCl3(aq) — 3 CaCly(aq) + 2 Al(s)
53mol 3.8 mol

Step 2. Determine the limiting reagent.

2 mol ALC,

Maicl, 5399/ ye‘l/

N 3.5 mol

Statement: Since the amount of aluminum chloride present is greater than the amount required
to react with calcium, calcium is the limiting reagent and aluminum chloride is the excess
reagent.
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(c) Given: ng, =0.10mol; n,, =0.35mol

Required: limiting reagent; excess reagent
Solution:

Step 1. List the given values.

4 FeSa(s) + 11 Ox(g) — 2 Fex03(s) + 8 SOx(g)
0.10 mol  0.35 mol

Step 2. Determine the limiting reagent.

=0.10 moke] X —— 2

2 2 4 m

o

=0.28 mol

2

o

Statement: Since the amount of oxygen present is greater than the required amount, iron pyrite
is the limiting reagent and oxygen is the excess reagent.
4. (a) Given: nc, =0.24 mol; 1,0, =0.52 mol

Required: amount of silver, n,,

Solution:

Step 1. List the given values and the required value.
Cu(s) + 2 AgNOs(aq) — 2 Ag(s) + Cu(NO3)2(aq)
0.24 mol  0.52 mol Mag

Step 2. Determine the limiting reagent.
2 mol

Mygno, =024 mot] xﬁ

nAgNO3 =0.48 mol

Since the amount of silver nitrate present is greater than the amount required to react with
copper, copper is the limiting reagent.
Step 3. Convert amount of copper to amount of silver.

My, =0.24 Mot x %
Cu

Ny = 0.48 mol

Statement: If 0.24 mol of copper were combined with 0.52 mol of silver nitrate, 0.48 mol of
silver would be produced.

(b) Silver nitrate is in excess.

amount of silver nitrate present initially = 0.52 mol

amount of silver nitrate required = 0.48 mol

0.52 mol — 0.48 mol = 0.04 mol

Therefore, the amount of silver nitrate remaining would be 0.04 mol.
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5. (a) Given: n,, =0.35mol; n,, =1.2mol
Required: amount of aluminum chloride, 7,c,

Solution:

Step 1. List the given values and the required value.
2 Al(s) + 6 HCl(aq) — 2 AlCl3(aq) + 3 Ha(g)
0.35 mol 1.2 mol

Step 2. Determine the limiting reagent.

Moy = 1.05 mol

Since the amount of hydrochloric acid present is greater than the amount required to react with
aluminum, aluminum is the limiting reagent.
Step 3. Convert amount of aluminum to amount of aluminum chloride.

2 mol ALC

Maic, —035/“1“]/ W/

Mac, = 0.35 mol

Statement: When 0.35 mol of aluminum is combined with 1.2 mol of hydrochloric acid,
0.35 mol of aluminum chloride will be produced.

(b) Hydrochloric acid is in excess.

amount of hydrochloric acid present initially = 1.2 mol

amount of hydrochloric acid required = 1.05 mol

1.2 mol — 1.05 mol = 0.15 mol

Therefore, the amount of hydrochloric acid remaining will be 0.15 mol.

6. Given: ng,, =5.8mol; n,, =2.8mol

Required: mass of sulfur trioxide, mg,

Solution:

Step 1. List the given values, the required value, and the corresponding molar masses.
28505(g) + Oxg) — 2S50s(g)

5.8 mol 2.8 mol Mo,

64.07 g/mol  32.00 g/mol 80.07 g/mol
Step 2. Determine the limiting reagent.

=5.8 m X ——=

n
SO
2 2 m

()

2

=2.9 mol

2

o

Since the amount of oxygen present is less than the amount required to react with sulfur dioxide,
oxygen is the limiting reagent.
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Step 3. Convert amount of oxygen to amount of sulfur trioxide.

2 mol
ng, =2.8 mok x———
* 2 1%
—56mol

Step 4. Convert amount of sulfur trioxide to mass of sulfur trioxide.

Y ﬁ*‘“/{% 07 g]

my, =450 g

Statement: When 5.8 mol of sulfur dioxide and 2.8 mol of oxygen are combined, 450 g of sulfur
trioxide will be produced.

7. (a) Ha(g) + Cla(g) — 2 HCI(g)

(b) Given: my, =10.0g; m¢, =320.0¢g

Required: mass of hydrogen chloride, m

Solution:

Step 1. List the given values, the required value, and the corresponding molar masses.
Hig) + Ch(z) — 2HCI(g)

10.0 g 3200 g My

2.02 g/mol 70.90 g/mol  36.46 g/mol
Step 2. Convert mass of given substances to amount of given substances.

1 mol
n, =10.0 g X 2
2 202 g
n,; =4.9505 mol [two extra digits carried]
1 mol
ne =320.0 g % :
2 70.90 g

n., =4.5134 mol [two extra digits carried]

Step 3. Determine the limiting reagent.

The mole ratio of hydrogen to chlorine is 1:1, the amount of chlorine present is less than the
amount of chlorine required to react with hydrogen. Therefore, chlorine is the limiting reagent.
Step 4. Convert amount of chlorine to amount of hydrogen chloride.

2 mol

Ny = 9-0268 mol [two extra d1g1ts carried]

o =45134 m
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Step 5. Convert amount of hydrogen chloride to mass of hydrogen chloride.

36.46 g
=(9.0268 |
( w61 )( 1 MJ

myo =329 g
Statement: If 10.0 g of hydrogen mixes with 320.0 g of chlorine, 329 g of hydrogen chloride

will be produced.
8. Given: m oy, =0.50g; my, =0.60 g

Required: mass of aluminum chloride, m,,

Solution:
Step 1. List the given values, the required value, and the corresponding molar masses.
Al(OH);(s) + 3 HCl(aq) — 3 H,O(l) + AlICl3(aq)
0.50 g 0.60 g Mjci,
78.01 g/mol 36.46 g/mol 133.33 g/mol
Step 2. Convert mass of given substances to amount of given substances.
1 mOlAl(OH)3

o, =030 EX

Majom), = 0.006 409 mol [two extra digits carried]
1 mol
=0.60 g x —Hd
e =V 3646 o

Ny = 0.016 46 mol [two extra digits carried]

Step 3. Determine the limiting reagent.

3mol .,
My = 0.006 409 %xl—

Ny = 0.019 23 mol [two extra digits carried]

Since the amount of hydrochloric acid present is less than the amount required to react with
aluminum hydroxide, hydrochloric acid is the limiting reagent.
Step 4. Convert amount of hydrochloric acid to amount of aluminum chloride.

1 mol ALC,

ey, =0.016 46 mok 99/

Ny = 0.005 487 mol [two extra digits carried]
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Step 5. Convert amount of aluminum chloride to mass of aluminum chloride.

13333 ¢
My, = (0.005 487 p6l )( o ]

=073 g
Statement: If 0.50 g of aluminum hydroxide is placed in a solution containing 0.60 g of

hydrochloric acid, 0.73 g of aluminum chloride will be produced.
9. Given: mc, =10.0g; my =30.0g

Majci,

Required: mass of carbon dioxide, m,

Solution:

Step 1. List the given values, the required value, and the corresponding molar masses.
2 C4Hio(g) + 13 02(g) — 8 COx(g)+ 10 HO(g)

100 g 300¢g Meo,

58.14 g/mol  32.00 g/mol 44.01 g/mol
Step 2. Convert mass of given substances to amount of given substances.

1 mol

ney =100 g x ——w

o 58.14 g
n. = 0.172 00 mol [two extra digits carried]

1 mol

n, =30.0 gx -

2 32.00 g
n, =0.937 50 mol [two extra digits carried]
Step 3. Determine the limiting reagent.

13 mol

n,, =0.172 00 %x—z

2 47710 2 %

=1.1180 mol [two extra digits carried]

n
02

Since the amount of oxygen present is less than the amount required to react with butane, oxygen
is the limiting reagent.

Step 4. Convert amount of oxygen to amount of carbon dioxide.

8 mol .,

neo =0.937 50 mokl X :

: > 13 mol]
Neo =0.576 92 mol [two extra digits carried]
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Step 5. Convert amount of carbon dioxide to mass of carbon dioxide.

44.01
Mo, =(0.576 92 gl ) 2
2 lmd

me, =254¢

Statement: The mass of carbon dioxide produced from the combustion of 10.0 g of butane and
30.0 g of oxygen is 25.4 g.

10. (a) Given: my, =40.0g; mc=7.0g; mg, =30.0g

Required: limiting reagent

Solution:

Step 1. List the given values and the corresponding molar masses.

TiOy(s) + C(s) + 2Cly(g)— TiCls(g) + COx(g)

40.0¢g 70¢g 300¢g

79.87 g/mol 12.01 g/mol 70.90 g/mol

Step 2. Convert mass of given substances to amount of given substances.

1 molTiO2
79.87 g

o = 0.500 81 mol [two extra digits carried]

no =40.0 g X

1 molC12

70.90 g

ne, =0.423 13 mol [two extra digits carried]

n, =30.0 g

n. = 0.5828 mol [two extra digits carried]

Statement: According to the balanced chemical equation, the mole ratio of titanium(I'V) oxide to
carbon to chlorine is 1:1:2. The amount of chlorine required is twice the amount of titanium or
the amount of carbon. Since the amount of chlorine is less than the minimum of these two
amounts, chlorine is the limiting reagent.

(b) Given: n¢,, =0.42313mol

Required: mass of titanium(IV) chloride, my,

Solution:
Step 1. List the given value, the required value, and the corresponding molar masses.

TiOx(s) + C(s) + 2 Clo(g) —  TiCly(g) + COx(g)
0.42313 mol  myyg,

70.90 g/mol  189.67 g/mol
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Step 2. Convert amount of chlorine to amount of titanium(IV) chloride.

1 mol...
TiCl,
Npe =0423 13 mokl X
4 2 2 m -
Ny = 0.21157 mol [two extra digits carried]

Step 3. Convert amount of titanium(IV) chloride to mass of titanium(IV) chloride.

o, =(021157 /)[189;;‘%]

my, =40.1¢g

Statement: The mass of titanium(IV) chloride that can be produced from mixing 40.0 g of
titanium(IV) oxide, 7.0 g of carbon, and 30.0 g of chlorine is 40.1 g.
11. Given: my,, =15.0g; me,, =6.0¢g

Required: mass of hydrogen cyanide, nycy

Analysis: Use the equations to determine the mole ratio of ammonia to methane in the process.
4 NHj(g) + 5 02(g) — 4 NO(g) + 6 HO(g)
amount of NH; to amount of NO =4:4 =1:1
2 NO(g) + 2 CH4(g) — 2 HCN(g) + 2 HyO(g) + Ha(g)
amount of NO to amount of CHy =2:2 = 1:1
Therefore, the amounts of NH3 and CH, are in the ratio 1:1.
Then, determine the mass of hydrogen cyanide produced from the given masses of ammonia and
methane.
Solution:
Step 1. List the given values, the required value, and the corresponding molar masses.
4 NHj(g) + 5 02(g) — 4 NO(g) + 6 HO(g)
150¢g
17.04 g/mol
2NO(g) +2 CH4(g) — 2 HCN(g) +2 H,O(g) + Ha(g)
6.0 g MycN

16.05 g/mol  27.03 g/mol
Step 2. Convert mass of given substances to amount of given substances.

1 mol
=150 g X ———
17.04 ¢

Ny = 0.880 28 mol [two extra digits carried]

1 molCH4

n., =60gx———
H £* 7605 £
ney = 0.3738 mol [two extra digits carried]
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Step 3. Determine the limiting reagent.
1 mol .,

e, —088028)1/ )1/

n... =0.880 28 mol [two extra digits carried]

CH,
Since the amount of methane present is less than the required amount, methane is the limiting

reagent.

Step 4. Convert amount of methane to amount of hydrogen cyanide.
2 mol,, .

=0.3738 m /Ql/

Nyen = 0.3738 mol [two extra digits carried]
Step 5. Convert amount of hydrogen cyanide to mass of hydrogen cyanide.

27.03 g
=(0.3738 1
= w6l )[1 m]

=10g
N
Statement: If 15.0 g of ammonia and 6.0 g of methane are present initially, 10 g of hydrogen
cyanide will be produced.
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