
CHAPTER 9
:

Chemical Quantities

CHAPTER ANSWERS
I. The coefficients of the balanced chemical equation for a reaction give the relative numbers of

molecules of reactants and products that are involved in the reaction.
2. The coefficients of the balanced chemical equation for a reaction indicate the relative numbers of

moles of each reactant that combine during the process as well as the number ofmçles of each
product formed.

3. Although we define mass as the “amount of matter in a substance,” the units in which we measure
mass are a human invention. Atoms and molecules react on an individual particle-by-particle
basis, and we have to count individual particles when doing chemical calculations,

4. Balanced chemical equations tell us in what molar ratios substances combine to form products;•
not, in what mass proportions they combine.

5.

a. PC13(l) + 3H20(l) H3PQ3(aq) + 3HC1(g)
V

One molecule of liquid phosphorus trichioride reacts with three molecules of liquid water,
producing one moleiule of aqueous phosphorous acid and three molecules of gaseous
hydrôgón chloride. One mole of phosphorus trichloride reacts with three moles of water to

•

V

produce one mole of phosphorous acid and three moles of hydrogen chloride.
V b. V 2XeF2(g) + 2H20(l) -. 2Xe(g) + 4HF(g) + 02(g)

V
V

V Two molecules of gaseous xenon difluoride react with two molecules of liquid water,
producing two gaseous xenon atoms, four molecules of gaseous hydrogen fluoride, and one

V

V molecule of oxygen gas. Two moles of xenon difluoride react with two moles ofwater to
V
produce two moles of xenon, four moles of hydrogen fluoride, and one mole of oxygen.

V

c. S(s) + 6HN03(aq) —, H2S04(aq) + 2H20(l) + 6NO2(g)
V

V

One sulfur atom reacts with six molecules of aqueous nitric acid, producing one molecule of
aqueous sulfuric acid, two molecules of water, and six molecules of nitrogen dioxide gas.
One mole of sulfur reacts with six moles ofnitric acid to produce one mole of sulfuric acid,
two moles of water, and six moles of nitrogen dioxide.

d. 2NaHSO3(s) — Na2SO3(s)+ SOa(g) +H20(l) V,

V

Two formula units of solid sodium hydrogen sulfite react to produce one formula unit of
solid sodium suffite, one molecule of gaseous sulfur dioxide, and one molecule of liquid
water. Two moles of sodium hydrogen sulfite react to produce one mole of sodium sulfite,
one mole of sulfur dioxide, and one mole ofwater.
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174 Chapter 9: Chemical Quantities

6.

a. (NH4)2C03(s) —> 2NH(g) + C02(g) +H20(g)

One formula unit of solid ammonium carbonate decomposes to produce two molecules of

ammonia
gas, one molecule of carbon dioxide gas, and one molecule of water vapor One

mole of solid ammonium carbonate decomposes into two moles of gaseous ammonia, one
mole of carbon dioxide gas, and one mole of water vapor.

b. 6Mg(s) + P4(s) —* 2Mg3P2(s)

Six atoms of magnesium metal react with one molecule of solid phosphorus (P4) to make
two formula units of solid magnesium phosphide. Six moles of magnesium metal react with
one mole of phosphorus solid (P4) to produce two moles of solid magnesium phosphide.

c. 4Si(s) + Sg(s) —* 2Si2S4(l)

Four atoms of solid silicon react with one molecule of solid sulfur (S5) to form two
molecules of liquid disilicon tetrasulfide. Four moles of solid silicon react with one mole of
solid sulfur (S8) to form two moles of liquid disilicon tetrasulfide.

d. C2H5OH(l) + 302(g) — 2C02(g) + 3H20(g)

One molecule of liquid ethanol bums with three molecules of oxygen gas to produce two
molecules of carbon dioxide gas and three molecules of water vapor. One mole of liquid
ethanol burns with three moles of oxygen gas to produce two moles of gaseous carbon
dioxide and three moles of water vapor.

7. False. The coefficients of the balanced chemical equation represent the ratios on a mole basis by
which potassium hydroxide combines with sulfur dioxide

8. Balanced chemical equations tell us in what molar ratios substances combine to form products;
not in what mass proportions they combine. How could 2 g of reactant produce a total of 3 g of
products?

L 9. For converting from a given number of moles of CH4 to the number of moles of oxygen needed
for reaction, the correct mole ratio is

(2mol0,
lmolCH4

For converting from a given number of moles of CH4 to the number of moles of product
produced, the ratios are

(1molC02 (‘2molH,O
andi -

i mol CH4,) 1 mol CH4

iit.
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Chapter 9: ChemIcal QuantitIes 175

10. S(s) + 2H2S04(l) -4 3S0(g) + 2H20(l)

For SO2,
(3 mol SO2

L1molS

For H20, 12 mciH20
imolS

ForU2S04 12 molH2S04JimolS

0.15 moIO2x
2molMgO_030j
1mo1O2

0.15 mci Fe x
2 mol Fe203

= 0.075 thol Fe203
4moIFe

0.15 thol 02 x
2 molFe2O3

=0.10 mci Fe203
3mol02

a. 2Mg(s) + O2(X) -4 2MgO(s)

0,lSmolMgx
2molMOØ1501g0
2molMg

b. 2Mg(s) + 02(g) —, 2MgO(s)

11.

12.

c. 4FC(s) + 302(g) -4 2Fe203(s)

d. 4Fe(s) + 302(g) —* 2Fe2O3(s)

a. 2C2H6(g) +702(g) —* 4C02(g) ± 6H20(g)

5.0 mol
7 mol 02

= 17.5 mol 02 (18 môt 02)
2molC2H6

ii P4(s) +502(g) —+ PO10(g)

5 mol 025.0 mci P4 x 25 mol 02
imolP4

c. CaO(s) + C02(g) —* CaCO3(s)

5.0 mci CaO x
mci CO2

= 5.0 mol co2
lmolCaO

d. 4Fe(s) + 30(g) -4 2Fe2O3(s)

5.0 mol Fe
3 mci 02 3.75 mol 02 (3.8 mol 02)4 mci Fe
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176 Chapter 9: Chemical Quantities

13.

a. C2H5OH(l) +302(g) —> 2C02(g) + 3H20(g)

1.25 molC2H5OH X
2 mol CO2

2.50 mol CO2
1 molC2H5OH

1.25 molC2H5OHx
3molH2O

=3.75molH20
H 1moIC2H5OH

b. N2(g) + 02(g) - 2N0(g)

1 2SmolN2x2molNO 250 1NO
lmolN2

c. 2NaC1O2(s)+ C12(g) —> 2C102(g) + 2NaCI(s)

1.25 mol NaC1O,
2 mol C102

= 1.25 mol C102
- 2 mol NaC1O2

1.25 mol NaCIO2 <
2 mol NaCI

1.25 mol NaCI
2 mol NaC1O2

3H(g) +N2(g) - 2NH3(g)

1.25 mol H2 x
2 mol NH3

0.833 mol NH3
3molH2

14.

a. NH3(g) + HC1(g) —, NH4C1(s)

molar mass ofNH4CI, 53.49 g

0.50 mol NH3 x
1 mol NH4C1

= 0.50 mol NH4C1
I mo1NH

0.50 mol NH4C1
53.49 g NH4C1

=27 g NH4C1
1 mo1NH4C1

b. CH4(g) + 4S(g) —> CS2(l) + 2H2S(g)

molar masses: CS2, 76.15 g; H2S, 34.09 g

0.50 mol s x
1 mol CS2

= 0.125 mol CS2 (= 0.13 mol CS2)
4 mol S

0.125 mol CS2 x
76.15 g CS2

= 9.5 g CS,
lmolCS2

0.50 mol
2 mol H2S

= 0.25 mol H2S
4molS

0.25 mol H2S
34.09 g H2S

= 8.5 g H,S
lmolH2S -
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Chapter 9: Chemical Quantities 177

c. PC13(l) + 3H20(l) —* H3P03(aq) + 3HC1(aq)

molar masses: H3P03,81.99 g; HCI, 36.46 g

0.50 mol
I mol H3P03

= 0.50 mol H3P03
1 mol PCI3

0.50 mol H3P03x
81.99 g H3P03

41 g H3P03
1 molH3PO1

0 50 mol
3 mol HC1

= i s moi HCI
1 mol PCI3

1.5 mol HCI
36.46 g HCI

=547=55 g HC1
1 molHCl

d. NaOH(s) + C02(g) — NaHCO3(s)

molar mass of NaHCO3 84.01 g

0.50 mol NaOH x
mol NaHCO3

= 0.50 mol NaHCO3
I molNaOH

0.50 mol NaHCO3
84.01 g NaHCO3

=42 g NaHCO3
1 mol NaHCO3

15.

a. C12(g) + 2K1(aq) -4 2KC1(aq) + 12(s)

0.275 mol
2 mol KI

= 0.550 mol KI
ImolCi,

b. 6Co(s) .+ Pa(s) -4 2C03P2(s)

0.275 mol Co x
mol

= 0.0458 mol P4
6molCo

c. Zn(s) + 2HN03(aq) —* Zn(N03)2(aq) + H2(g)

0.275 mol Zn
2 mol HNOJ

= 0.550 mol HNO3
I molZn

d. C5H12(l) + 802(g) — 5C02(g) + 6H20(g)

0.275 mol C5H12 x
8 mol 0,

= 2.20 mol 02
1 mol C51-11,

16. Before doing the calculations, the equations must be balanced.
a. 4K02(s) + 2H20(l) -4 30(g) + 4KOH(s)

0.625 mol KOH <
3 mol 02

= 0.469 mol 0,
4molKOH
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178 Chapter 9: ChemIcal Quantities

b. Se02(g) +2H2Se(g) -+ 3Se(s) +2H20(g)

0.625 molH20x S
= 0.938 mol Se

2niGlH2O

c. 2CH3CH2OH(l) + 02(g) — 2CH3CHO(aq) + 21120(l)

0.625 mol 1120 x
2 iiiol CH3CHO

= 0.625 molH3CH0
2molH2O

d. Fe203s)+ 2Als) —* 2FeQ) +.Al203s)

0.625mo1 Al203 2 mOl Fe
1.25 mol Fe

I mol A1203

17. the molar mass of the subtance

18. Stoichiometry is the process ofusing a chemical equation to calculate the relative masses of
reactants an4 products involved in a reaction. V

19.

a. molar mass He = 4.X)3 g .

2.62 g Hex 1 moiRe
= 0.654 mol He

4.OO3gHe

• b. molar massH3B03= 61.83 Vg
V

4.95 g 113B03 x molH3B03
= 0.0801 molH3B03

V

V 61.83 gH3BO3
V

V

c. mo1r mass CaF2= 78.08 g
V

V

V

8.3lgCaF2x V1m0 0.lO6molCaF2 V V

V

V

18.08 g CaF2 V

V

V

d. molar mass Mg(C2H302)2= 142.4 g
V

V

0.195 g Mg(C2H302)2x 0.00137 mol Mg(C2H302)2

V e. molar mass NH3 = 17.03 g V

V

9.72 g Nil 1 mol I’
= 0.57 1 mol NH3

17.03 gNH3
V

20.

a. molar mass L12CO3 73.89 g; 2.36 mg = 0.00236 g

0.00236 g L12CO3 x 1 mol Li2CO3
V= 3.19 x 10 mol Li2CO3

• V 73.89 g L12C03
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21.

a. molar mass 02= 32.OÔ g

32.00 gO
V 4.25mo102x 2=136g02

lmoW2

b. molarmassPt= 195.1 g; •1.27milhimol=O.00127mo1
V

195.1 g0.OOl27molPtx =0248gPt
imoiPt

a. molar mass FeSO4= 151.92.g
V

15L92 g FeSO4
= 0.153 g EeSO4

V

0.OOlOlmolFeSO4x
1 aol FeSO4

d. molar mass CaCO3 100.09 g

75.1 aol CaCO3 <
100.09 g CaCO3

= 7.52 x g CaCO3
1 mcI CaCO3

V

e molarmassAu=197.Og V

1.35 x 10 aol Au
197.0 g Au

= 0.0266 mol Au
V

lmolAu

f. molar mass H202= 34.02 g

34.02 g H202 =1.29 mol H202x 43.9 g H202
lmoIH2O2

g. molar mass CuS = 95.62 g

95.62 g CuS6.l4molCuSx =587gCuS
1 aol CuS
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V

b. molarmassU=238.Og
V

1.92 x 10 g U x 1 aol U
= 8.07 x 10 aol UV

V 238.OgU

c. molar mass PbC12= 278.1 g; 3.21 kg = 3.21 x g V

3.21x lO3gPbCl2x lad
=11.5molPbCl2

278.1 g

d. molar massC6H120.6= 180.2 g V

4.62 gC6H1206x LrnolC6H1206
= 0.0256 mol C,H1206

180.2 gC6H1206
V

e. molar mass KOH = 56.11 g V

V

7.75 gICOH
1 mol KOH

= 0.138 aol KOH
56.11 gKOH V

V

V

V V

V

V
V

•VVV
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4.

22.

a. molar mass of Cul = 190.5 g :,

0.624 mol CuT
190.5 g Cul

= 119 g Cul
lmolCul

b. molarmassofBr2=159.8g .:

4.24molBr2x
l59.8B1=678g,

lmolBr2 -

c. molar mass of XeF4 = 207.4 g

0.000211 mol XeF4 x
207.4 g XeF4

0.043 8 g XeF4
1 mol XeF4

d. molar mass ofC2H4= 28.05 g

9.11 mol C2H4 x
28.05 g C2H4

= 256 g C2H4
1 mol C2H4

e. molar mass ofNH3= 17.03 g; 1.21 millimol=0.00121 moE

0.00121 mol NH3 x
17.03 gNH3

= 0.0206 g NH3
lmolNH3

f. molar mass of NaOH = 40.00 g

4.25 mol NaOH x
40.00 g NaOH

= 170 g NaOH
1 mol NaOH

g. molar mass of KI = 166.0 g

I mol KI

23. Before any calculations are done, the equations must be balanced.

a. CS2(l) + 302(g) —> C02(g) + 2S02(g)

masses: CS2, 76.15 g; C02, 44.01 g; SO2, 64.07 g

1.55 g
1 mol CS2

= 0.02035 mol CS,
76. 15 g CS,

0.02035 mol cs, x
1 mol CO2

= 0.02035 mol co,
- lmolCS2

0.02035 m1
44.01 g CO2

= 0.896 g CO1
lmolCO,

0.02035 mol CS2
2 mol SO2

= 0.04071 o1 SO2
1 mol CS2

0.04071 mol so, x
64.07 g SO2

= 2.61 g SO2
lmolSO2

Copyright © Houghton Mifflin Company. All rights reserved.



Chapter 9: ChemIcal QuantitIes 181

b. 2NaNO3(s) -+ 2NaNO2(s)±02(g)

molar masses: NaNO3,85.00 g; NaNO2,69.00 g; 02, 32.00 g

1.55 gNaNO3 <
1 molNaNO3

= 0.01824 molNaNO3
85.00 g NaNO3

0.01824 molNaNO3 <
2 molNaNb2

= 0.01824’molNaNO2
2molNaNO3

001824 mol NaNO2
69.00 g NaNO2

= 1.26 g NaNO2
lrnolNaNO2

0.Ol824molNaNO3x
lmolO2

=0.00912mo102
2 mol NaNO3

0.00912 mol 02
32.00 g 02

= 0.292g 0
*lmolO2

C. H2(g) + Mn02(s) - MnO(s) +H20(g) (already balanced)

molar masses: Mn02,86.94 g; MnO, 70.94 g; 1120, 18.02 g

1.55gMn02x
lmolMnO2

=0.01783molMn02
8694 g Mn02

0.Ol783molMnO2x
1 moiMnO

=0.Ol783molMnO
lmolMnO2

0.01.783molMnOx
70.94 gMnO

1.26gMnO
lmoiMnO

0.01783 molMnO2x
I molH2O

0.01783 molH2O
lmolMnO2

• 001783 10l8.O2H2O03210
lmolH2O

d. Br2Q) + C12(g) — 2BrCI(g)

molar masses: Br2, 159.8 g; BrCI, 115.4 g

1.55gBr2x
•1mo1

=0.OO97OmolBr2
• 159.8 gBr2

0.09700 mcI Br2
2 mol BrCI

= 0.01940 mcI BrC1
lmolBr2

0.01940 mol BrCI
115.4 g BrC1

= 2.24 g BrCl
1 molBrCl
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182 Chapter 9: ChemIcal Quantities

24. Before any calculations are done, the equations must be balanced.
a. C2H5OH(l) + 302(g) -+ 2C02(g) + 3H20(g)

molar massC2H5OH = 46.07 g

5.00 gC2H5OH
1 molC2H5OH

<
3 mol 02

= 0.326 mol 024607 gC2H5OH I molC2H5OH

b. P4(s) + 5O2(g) -P4010(g)

molar mass P4 = 123.88 g

5.OOgP4x lmolP4X5mo2 =0.202mo102
123.88g lmolP4

c. MgO(s) + C02(g) -+ MgCO3(s)

molar mass MgO=40.31 g

1 mol MgO 1 mol CO2
= 0.124 mol CO25;OOgMgOx x

40.31 g MgO I mol MgO

d. 2Fe(s) + 02(g) -4 2FeO(s)

molarmassFe=55.85g

ImolFe. lmol0200448105.OOgFex x
55.85 gFe 2molFe

25. Before any calculations are done, the equations must be balanced.
a. TiBr4(g)+2H2(g) — Ti(s) ± 4HBr(g)

molar mass H2 = 2.016 g; molar mass Ti = 47.90 g; molar mass ofHBr = 80.91 g

12.5 g H2 x
mol H2

= 6.20 mol H2
2.016 g H2

1 mol Ti6.2OmolH2x =3.IOmolTi
2 mol H2

3.10 mol Ti
47.90 g Ti

= 148 g Ti
I mol Ti

4 mol HBr6.20 mol H2 x = 12.4 mol HBr
2 mol H2

80.91 g HBr12.4 mol HBrx = 1 OOx i03 gHBr
lmolHBr

-i
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b. 3SiH4g)+4N113(g) —* Si3N(s) + 12H2(g)

molar mass SiR4 = 32.12 g; molar mass Si3N4= 140.3 g; molar mass H2 = 2.016 g

125gSiH4x’T=0389molSiH4

0389 mol SiR4 x
1 mol Si3N4

=0 130 mol Si3N4
3molSiH4 .

0.130 mol Si3N4x
140.3 g SiN4

= 18.2 g Si3N4
lmolSi3N4

V
V

O389molSiH.4x
l2molH2

=156molH2
3molSiH4

1.56 molH2x
2.Ol6Hl=314g2

V

lmolH2
V

c. 2N0(g) + 2H2(g) — N(g) + 21120(l) :
V

V

V
V

molar mass H2 = 2.016 g; molar mass N2 = 28.02 g; molar massH20= 18.02 g

1 12.5 g H2 x
1 mol H2

= 6.20 mol H2 V

2.016gH2
V V

V

V

V

V

V

6 20 mol 112 <
1 mol N2

3 10 mol N2

V

2molH2
V

V

2802 N .V.

V

3lOmolN2x 2=869gN2
lmolN2

62OmolH2x2m0IH2O62O1HO
2molH2

6.20 molH2Ox
l8.O2H1O=V112g20

V V

V lmolH2O
V

d. Cu2S(s) —* 2Cu(s) + S(g)
V

molar mass Cu2S = 159.2 g; molar mass Cu = 63.55 g; molar mass S = 32.07 g

12.5 g Cu2S x
1 mol Cu2S

= 0.0785 mol Cu2S
159.2 g Cu2S

0.0785 mol Cu2S x
2 mol Cu

0.157 mol Cu
V

lmolCu2S

V V

0.157 mol Cu x
63.55 g Cu

= 9.98 g Cu
V

1 mol Cu

0.0785 mol Cu2S
1 mol S

0.0785 mol S
lmolCu2S
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OO785molSx
32O7gS=252g8
imolS

26.

a 2BC13(s) + 3H2(g) —* 2B(s) + 6HCI(g)

molar masses: BC13, 117.16 g; B, 10.81 g; HC1, 36.46 g

15.OgBCl3x.
lmolBCl3

=0.l28molBCl3
117.16 gBC13

0l28molBCl3x
2molB lO8lB=138g

2 mol BCI3 1 moi B

Ol28molBCl3x
6molHCI364oHCl=140gj
2 mol BC13 1 mol HC1

b. 2Cu2S(s) + 302(g) -4 2Cu2O(s) + 2S02(g) .

molar masses: Cu2S, 159.17g; Cu20, 143.1 g; SO2, 64.07 g

150 g Cu2Sx
mol Cu2S

=009424 mol Cu2S
159.l7gCu2S

2 mol Cu20 143.1 g Cu20
0.09424 mol Cu2S x x = 13.5 g Cu20

2 mol Cu2S 1 mol Cu20

0.09424 mol Cu2S >
2 mol SO2

64O7
g 502

= 6.04 g SO2
2 mol Cu2S 1 mol SO2

c. 2Cu20(s) + Cu2S(s) —* 6Cu(s) + S02(g)

molar masses: Cu2S, 159.17 g; Cu, 63.55 g; SO2,64.07 g

15.0 g Cu2S x
1 mol Cu2S

= 0.09424 mol Cu2S
159.l7gCu2S

6molCu 63.55 gCu
0.09424 mol Cu2S x x = 35.9 g Cu

lmolCu2S ImolCu

0.09424 mol Cu2S x
mol SO2 64.07 g SO2

= 6.04 g SO2
lmolCu2S lmolSO2
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d. CaCO3(s)+ Si02(s) —* CaSiO3(s)+ C02(g)

molar maáses: Si02, 60.09 g; CaSiO3,116.17 g; C02,44.01 g

15.0 g Si02 x
1 mol Si02

= 0.2496 mol Si02
60.09 g Si02

lmolCaSiO3 116.l7gCaSiO30.2496 mol Si02 x x . = 29.0 g CaSiO3
1 mol Si02 1 mol CaSiO3

02496 ma! Si02
1 mol CO2

<
44 01 g CO2

= 11 0 g CO2
1 molSiO2 1 molCO2

27. C3H8(1) + 502(g) -+ 3C02(g) + 41120(g) .

molar mass H0 = 18.02 g

3.11 mol C3H8 <
moIH2O

= 12.44 mol H20
lmolC3H8 .

1 12.44 mol H20
18.02 g H2Q

= 224 g 1120
lmolH2O

28. 2S(s) ÷ 302(g) — 2S03(g) S03(g) +H20(I) —* H2S04(l) f:

It would make things simpler if the first equation were expressed in terms of one mole of SO3
since the second equation is expressed in terms of 1 mole of SO3. To do this, divide the first
equation by two:

S(s) + . O(g) —* S03(g) SO3(g) +1120(l) —+ H2S04(l)

By doing this, we now have the simpler relationship that one mole of S will produce one mole of
H2S04.

molar ma.sses: S, 32.07 g; H2S04,98.09 g

i.25gSx
ImolS

=0.03898mo1S
3207gS

003988 mol s
1 molH2S04

=003988 mol H2S04
imolS

003988 mol H2S04 x
9809 gH2S04

=3 82 g H2S04
lmolHSO

W

‘.-

-

- ••:. ;ff.’
,•::
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29. molar masSes: C, 12.01 g; CO, 28.01 g; C02,44.01 g

5.OOgCx
1 moiC

=0.4163rnolC
.12.OlgC

carbon dioxide: C(s) + Q2(g) —* C02(g)

0.4 163 mol c x
1 mol CO2

= 0.4163 mol co2
lmoFC

0.4163 mol C02x
44.01 g CO2

18.3 g CO2
lmolCO2

carbon monoxide: 2C(s) + Oz(g) — 2C0(g)

0.4163 mol Cx.
2 mol CO

= 0.4163mo1 CO
• 2molC

V

0.4163 mol
28.01 g CO

= 11.7 g CO
iniolCO

V 30. 2aNCO3(s) -, Na2CO3(s)+H2O(g) + C02(g)
V

mOlar masses: NaHCO3,84.01 g; Na2CO3,106.0 g

1.52 g NáHCO3
1. mol NaHCO3

=0.01809 niol NaHCO3
84.01 gNaHcO3

0.01809 mol NaHCO3x
molNa2CO3

= 0.009047mo1 Na2CO3
2 mol NaHCO3

V 0.009047 mol Na2CO3
106.0 g Na2CO3

= 0.959 gNa2CO3 :
1 molNa2CO3 V

31. 2Fe(s) + 3C12(g) —* 2FeC13(s)

millimolar masses: iron, 55.85 mg; FeC13, 162.2 mg

lthmolFe.15.5mgFex =0.2775mmolFe
V

55.85 mgFe

... ;

2 mmol FeC13
= 0.2775 mmol FeCI30.2775 mmol Fe x

2 mmol Fe

02775 mmol FeC13
162.2 mg FeC!3

= 45.0 mg FeC13
I mmol FeC13

:
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32. C6H1206(aq) —+ 2C2H50H(aq) + 2C02(g)

molar masses: C6H1206,180.2 g;C2H5OH, 46.07 g

5.25 gC6H1206x
1 molC6H1206

=0.02913 mol C6H1206.
180.2 gC6H1206

0.029 13 mol C6H12O6
2 molC2H5OH

0.5826 molC2H50fl
1 molC6H1206

0.5286 mcIC2H5OH
gC2H5OH

= 2.68 g ethyl alcobol
1moIC2H5OH

33. H2S03(aq)—H2O(l)+SO2(g) . .

molar masses: H2S03,82.09 g; SO2, 64.07 g

4.25 gH2S03 x molH2S03
0.05177 molH2S03

82.09 g H2S03
V

005177molH2SO3x 1 molSO2
=005177molS02

1 molH2SO3

0.05177 mol SO2 x
64.07 g

= 3.32 g so2 :
lmolSO2 V

V

34. NHCl(s) + NaOH(s) —, NH3(g) + NaCl(s) +H20(g) . .

V

V

V

molar masses NH4CI, 53 49 g, NH3, 17 03 g

1 39 g NH4C1 x =002599 mol NH4CI

OO2S99molNH4Clx 1 molNH3
=002599molNH3

1 mol NH4CI

1703NH
V

0.02599molNH3x =0.443gNH3 V

V lmoINH3 V

35. Pa(s) + 502(g) —* 2P205(s)
V

molar masses! P4. 123.88 g; 02, 32.00 g

4.95 g P4 x
1 mol VP4

= 0.03996 mol P4
123.88 gP4

0 03996 mol
5 mol 02

= 0 1998 mol 02
lmoIP4

0.1998 mci 02x
32.00 g 02

= 6.39 g 02
lmoIO2
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36. 4HgS(s) + 4CaO(s) —* 4Hg(i) + 3CaS(s) + CaSO4(s)

molar masses: HgS, 232.7 g Hg, 200.6 g; 10.0 kg = 1.00 x g

1.OOx lO4gHgSx
lmolHS429701g

232.7 g HgS

42.97 mol HgS
4 mol Hg

= 42.97 mol Hg
4molHgS

42.97 mol Hg x 200.6 gHg
= 8.62 x i03 g Hg = 8.62 kgHg

lmolHg

37. 2NH4N03s)—, 2N2g+ 02(g) -1- 4H20(g

molar masses: NH4NO3,80.05 g; N2, 28.02 g; 02, 32.00 g; H20, 18.02 g

1.25 gNH4NO3x
80.05 gNH4NO3

=0.O156mo1NH4NO3

0.Ol56molNH4NO3x
2molN2

=0.0156mo1N2
2 mol NH4NO3

0.0 156 mol N2x
28.02g N2

= 0.437 g N2
lmolN2

0.0156 mol N114N03x
I fliOl 02

= 0.00780 mol 02
2 mol NH4NO3

0.00780 inol 02
32.00 g 02

= .250 g 02
lmolO2

0.0156 mol NH4NO3 <
4 molH2O

= 0.03 12 mol H20
2mo1NH4NO3

0.O3l2molH2Ox
18.02gH20

0562 gH2O
I mol H20

As a check, note that 0.437 g + 0.250 g + 0.562 g = 1.249 g = 1.25 g.

• 38. C12H011(s) —÷ 12C(s) + 1 1H20(g)

molar masses:C12H22011,342.3 g; C, 12.01 ‘

1.19 gC12H22011
I molC12H22011

= 3.476 x 10 mol C12H22011
342.3 gC12HO11

3.476 x l0 mol C12H22011 x 12 mol C
= 0.04172 mol C

I molC12H22011

0.O4l72molCxl2.OlC=0501g

imoiC
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I

39. SOC12(l)+H20(l) —+ S02(g)+ 2HCI(g)

molar masses: SOd2, 119.0 g; H20, 18.02g.

35.0 g SOd2x
1 mol SOCI2

= 0.294 mol soci2
119.OgSOCI2

0.294 mol SOC12x
1 mol H20

= 0.294 mol H20
1 mol SOCI2

‘

0.294molH20x18°22°=5.30gH20
lmolH2O

40. 2Mg(s) + 02(g) — 2MgO(s)

molar masses: Mg, 24.31 g; MgO, 40.31 g

1.25 g Mg
1 mol Mg

=5.14 x 1 02 mol Mg . .

24.31 gMg

5.14x lO2tholMgx
2 molMgO

= 514 x 10_2 molMgO
2molMg

4031 M5.14 x 10_2 mol MgO x g gO
= 2.07 g MgO

lmolMgO

41. To determine the limiting reactant, first calculate the number of moles of each reactantpresent.
Then determine how these numbe±s of moles correspond to the stoichiometric ratio indicated by
the balanced chemical equation for the reaction. Specific answer depends on student response.

42. To determine the limiting reactant, first calculate the number of moles of each reactant present.
Then determine how these numbers ofmoles correspond to the stoichiometric ratio indicated by
the balanced chemical equation for the reaction.

43. The theoretical yield of a reaction represents the stoichiometdc amount ofproduct that should
form if the limiting reactant for the process is completely consumed.

44. A reactant is present in excess if there is more of that reactáhtpresent than is needed to combine
with the limiting reactant for the process. By definition, the limiting reactant cannot be present in
excess. An excess of any reactant does not affect the theoretical yield for a process; the theoretical
yield is determined by the limiting reactant.
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45.

a. Na2B4O7s)±H2S04(aq) + 5H20(O —* 4H3BO3s+Na2SO4(aq)

molar masses: Na2B407,201.2 g; H2S04,98.09 g; H20, 18.02 g

5.00 gNa2B4O7x
1 mol

= 0.0249 mol Na2B407
201.2g

5.00 gH2S04x
mol

= 0.0510 molH2S04
98.09g

5.00 g 1120 x
1 mol

= 0.277 môl 1120
l8.02g

Na2B4O7is the limiting reactant.

molH2S04remaining unreacted = 0.0510—0.0249=0.0261 mol

mol 1120 remaining unreacted = 0.277 — 5(0.0249) 0.153 mol

mass ofH2S04remaining = 0.0261 mol x
98.09 g

= 2.56 gH2S04
imol

18.02g
mass ofH20remaining = 0.153 mol x = 2.76 g 1120

Imol

b. CaC2(s) + 2H20(4 —* Ca(OH)2(s)+C2H2(g)

molar masses: CaC2,6.10 g; 1120, 18.02 g

5.00 g CaC2 x
1 mol

= 0.0780 mol CaC2
64.lOg

5.00 g 1120 x
mol

= 0.277 mol H20
18.02g

CaC2 is the limiting reactant; water is present in excess.

mol ofH20 remaining = 0.277— 2(0.0780) = 0121 mol H20

18.02g
mass of 1120 remamlng = 0.12 1 mol x = 2.18 g H20

Imol

c. 2NaC1(s) +H2S04(l) —* 2HC1(g) +Na2SO4(s)

molar masses: NaCI, 58.44 g; H2S04,98.09 g

5.00 g NaCI x
mol

= 0.0856 mol NaC1
58.44g

5.00 g H2S04x
mol

= 0.05 10 mol H2S04
98.09g

I

t.1

.1

Copyright © Koughton Muffin Company. All rights reserved.



Chapter 9: Chemical Quantities I 9t

NaC1 is the limiting reactant;H2S04is present in
excess.

molH2S04that reacts = 0.5(0.0856) = 0.0428 molH2S04

molH2S04remaining = 0.Ô510 — 0.0428 = 0.0082 möl

mass ofH2S04remaining = 0.0082 mol x
98.09 g

= 0.80 gH2S04
imol

d. Si02(s) + 2C(s) —* Si(l) + 2C0(g) V

molar masses: Si02, 60.09 g; C, 12.01 g V
V

V

V

imol
V

5.00 g S102 X V

V

= 0.0832 mol Si02

LV V

. 60.09g V

V

V V

V

V

5.00 g C x
mol

= 0.4 16 mcI C V

V

12.Olg
V

V .

V

V

Si02 is the limiting reactant; C is

presentinexcess.

V

V

V

V

moiC remaming=0 416—2(0 0832)= 0250 mol

V . 12.Olg
V

V mass of C remalnlng 0.250 moix = 3.00 g C V

V

Vimol
V

V

V

46. V
V

V

V

V

a. V S(s) +2H2S04(aq) — 3S02(g) + 21120(l) V

V

V
V

Molar masses: S, 32.07 g;H2S04,98.09 g; SO2, 64.07 g; H20, 18.02 g
V

V

5.00 g S x
mol

= 0.1559 mol S
V

V V

VV
V

V

V

V

V3J7g

V

V

V

V

V

5.00 gH2S04x
1 mol

= 0.05097 md H2S04
V

V 98.09g
V

V

V

- V

V VAccording to the balanced chemical equation, we would need twice as much sulfuric acid as
V

sulfur for complete reaction Of both reactants. We clearly have much less sulfuric acid

V
present than sulfur; sulfuric acid is the limiting reactant. The calculation of the masses of

V

V

products produced is based on the number ofmoles of the suiflinc acid

005097mo1H2S04x
3molSO264O7SO2=490g502

V 2 molH2S04 1 mol SO2

0.05097 molH2S04x
2 mcI H20 18.02 g H20 0.918 g 1120

2 mol H2S04 1 mol H20 V

V.

V
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b. Mn02(s) +2H2S04(aq) —+ Mn(S04)2+ 2H20(l) ‘

molar masses: Mn02,86.94 g; H2S0498.09 g; Mn(S04)2,247.1 g; HO, 18.02 g 1

5.00 g Mn02x
mol

= 0.0575 1 mol Mn02
86.94g :

5.00 gH2S04x
mol

= 0.05097 molH2S04
98.09g

According to the balanced chemical equation, we would need twice as much sulfuric acid as

manganese(1V) oxide, for complete reaction of both reactants. We do not have this much
sulfuric acid, so sulfuric acid must be the limiting reactant. The amount of each product

produced will be based on the sulfuric acid reacting completely.

0.05097 molH2S04
1 mol Mn(S04)2 247.1 g Mn(S04)2

6.30 g Mn(S042
2 molH2S04 1 mol Mn(S04)2

0.05097 mol H2S04
2 mol H20 18.02 g H20

= 0.9 18 g 1120
2 molH2S04 1 mol H20

c. 2HS(g) + 3O2(g) —* 2S02(g) + 2H20(l)

Molar masses: H2S, 34.09 g; 02, 32.00 g; SO2, 64.07 g; 1120, 18.02 g

5.00 g H2S x
mol

= 0.1467 mol H2S
34.09g

imol
5.OOgO2x =0.1563mo102

32.OOg

According to the balanced equation, we would need 1.5 times as much 02 as H2S for

complete reaction of both reactants. We don’t have that much 02, so 02 must be the Limiting

reactant that will control the masses of each product produced.

2molSO2 64.07 gSO2
0.1563mo102x x =6.67gS02

3 mol 02 1 mol SO2

2molH2O 18.02gH20
0.1563mo102x x =1.88gH20

3 mol 02 1 mol H20

d. 3AgNO3(aq) + Al(s) —, 3Ag(s) + Al(N03)3(aq)

Molar masses: AgNO3,169.9 g; Al, 26.98 g; Ag, 107.9 g; Al(N03)3,213.0 g

5.00 g AgNO3x
1 mol

0.02943 mol AgNO3
169.9g

5.00 g Al
1 mol

= 0.1853 mol Al
26.98 g
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0.02943 mol AgNO3
1 mol AlNO3)3 213.0 g A1NO3)3

= 2.09 g
3 mol AgNO3 I mol A1(N03)3

47. Before any calculations are attempted, the equations must be balanced.

a. C3H8(g) + 502(g) —* 3C02(g) + 4H20(g)

molar masses: C3H8,44.09 g; 02,, 32.00 g; C02,44.01 g; H20, 18.02 g

10.0 g C3H8
1 mol

= 0.2268 mol C3H8
44.09g

10.0 g Oix
1 mol

= 0.3 125 mol 02
32.OOg

For 0.2268 mcI C3Hg, the amount of0 that would be needed is

0.2268mo1C3H8x
5mo1°2

1.134rno102
1 mcI C3H8

Because we do not have this amount of 02, then 02 is the limiting reactant.

3molCO2 44.OlgCQ2
0.3125mo102x x =8.25gC02

5mo102 lmolCO2

0.3125mo102x4ffiOlH2OxI8.O2EH2O=4SlgH2o:
5mo102 lmolH2O

b. 2A1(s) + 3C12(g) —, 2A1C13(s)

molar masses: Al, 26.98 g; Cl2, 70.90 g; A1C13, 133.3 g

10.0 g Al x
1 mci

= 0.3706 mol Al
26.98 g

10.0 g ci2 x
l mol

= 0.1410 mol 2
70.90g

For 0.1410 mcI C12(.g), the amount ofAl(s) required is

0.1410 mol 2
2 mol Al

= 0.09400 mol Al
3 mcI Cl2

193Chapter 9: ChemiCal Quantities

According to the balanced chemical equation, we would need three moles ofAgNO3for
every mole ofAl for complete reaction ofboth reaótants. We in fact have fewer moles of
AgNO3than altiminum, so AgNO3must be the limiting reactant..The amount ofproduct
produced is calculated from the number ofmoles of the limiting reactant present:

0.02943 mol AN03 <
3 rnólAg 107.9 g Ag

= 3.18 gAg
3 mol AgNO3 1 mol Ag
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We have far more than this amount of Al(s) present, so C12(g) must be the limiting reactant

that will control the amount of AICI3 that forms,

2 molA1CI3 133.3 g AIC13
0.l4lOmolCl2x x =12.5gAIC13

3 mol Cl, I mol AICI3

c. 2NaOH(s) + CO(g) —* Na2CO3(s)+ H20(l)

molar masses: NaOH, 40.00 g; C02, 44.01 g; Na2CO3,106.0 g; H20, 18.02 g

10.0 g NaOH x
1 mo

0.2500 mol NaOH
40.00 g

10.0 g
mol

0.2272 mol CO.,
44.01 g -

Without having to calculate, according to the balanced chemical equation we would need

twice as many moles of NaOH as CO2 for complete reaction. For the amounts calculated

above, there is not nearly enough NaOH present for the amount of Cl2 used; NaOH is the

limiting reactant.

0.2500molNaOHx
1 molNa2CO3106.0Na2CO3

= 13.3 gNa2CO3
2 mol NaOH I molNa.,C03

0.2500 mol NaOH
I mol H20 8.02 g H20

= 2.25 g 11,0
2 mol NaOH 1 mol 1-120 -

d. NaHCO3(s)+ HCI(aq) —> NaCI(aq) + H20(1) + C02(g)

molar masses: NaHCO3,84.01 g; HC1, 36.46 g; NaCI, 58.44 g; H20, 18.02 g; C02, 44.01 g

10.0 g NaHCO3x
1 mo

= 0.1190 mol NaHCO3
84.01 g

10.0 g MCI x
mo

= 0.2742 mol HCI
36.46g

Because the coefficients ofNaHCO3(s)and HC1(aq) are both one in the balanced chemical

equation for the reaction, there is not enough NaHCO3present to react with the amount of

HCI present: the 0.1190 mol NaHCO3present is the limiting reactant. Because all the

coefficients of the products are also each one, then if 0.1190 mol NaHCO3reacts completely

(with 0.1190 mol HCI), 0.1190 mol of each product will form.

01190 mol NaCix
I mol

0.ll9OmolH2Ox18O2=214g1120 :
imol . .

0 ll9OmolCO2x
4401

lmol
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48.

a. CS2(l) + 302(g) —i C02(g) + 2S02(g)

Molar masses: CS2,7615 g; 02, 32.00 g; C02,44.01 g

1.00 g CS2 x
1 mol

= 00 1313 mci CS2
76.15g

1.00 g 02 x
1 mol

= 0.03 125 mol 02
32.OOg

From the balanced chemical equation, we would need three times as much oxygen as carbon
disulfide for complete reaction of both reactants. We do not have this much oxygen, and so
oxygen must be the limiting reactant..

0.03125 mol 02
1 mol CO2 44.01 g CO1

= 0.458 g CO2
3 mol 02 1 mol CO2

b. 2NH3(g) + C02(g) —* CN2H4O(s) +H20(l)

Molar masses: NH3, 17.03 g; CO2.44.01 g; H20, 18.02 g

1 00 g NH1
1 mol

=0 05872 mol NH3
17.03g

1.00 g CO2 x
mol

= 0.02272 mci CO2
44.Olg

The balanced chemical equation tells us that we would need twice as many molós of
ammonia as carbon dioxide fOr complete reaction ofboth reactants. We have more than this
amount of ammonia present, so the reaction will be limited by the amount of carbon dioxide
present.

0.02272 mol
1 mol H2O 18.02 g H20

= 0.409 g H20
1 mol CO2 1 mol H20

c. H2(g) + Mn02(s) — MnO(s) +H2O(l)

Molarmasses: H2, 2.016 g; Mn02,86.94 g;H20, 18.02 g

imol
1.00 g 112 x = 0.496 mcI 112

2.016g

1.00 g Mn02x
1 mol

= 0.0115 mol Mn02
86.94g 4

Because the coefficients ofboth reactants in the balanced chemical equation are the same,
we would need equal amounts ofboth reactants for complete reaction. Therefore
manganese(IV) oxide must be the limiting reactant and controls the amount of product
obtained.

0.Oll5molMnO2x
1mlH20xl8229=o.2o7gH2o

I mol Mn02 1 mci H20
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d. 12(s) + C12(g) — 21C1(g)

Molar masses: ‘2, 253.8 g; Cl2, 70.90 g; IC1, 162.35 g

1 mol
1.00 g ‘2 x = 0.00394 mol ‘2

253.8 g

1.00 g
mo

= 0.0141 mol Cl,
70.90g -

From the balanced chemical equation, we would need equal amounts of ‘2 and Cl2 for
complete reaction of both reactants. As we have much less iodine than chlorine, iodine must
be the limiting reactant.

2 mol IC1 162.35 g IC1
0.00394 mol 12 x x 1.28 g IC1

1 mol 12 1 mol ICl

49.

a. U02(s) + 4HF(aq) —* UF(aq) + 2H20(l)

U02 is the limiting reactant; 1.16 g UF4, 0.133 g H20

b. (aq) +H2S04(aq) -4 Na2SO4(aq) + 2HN03(aq)
V

NaNO3 is the limiting reactant; 0.836 g Na2SO4;0.741 g HNO3 V

c. Zn(s) + 2HC1(aq) —4 ZnC12(aq) + H2(g)

HC1 is the limiting reactant; 1.87 g ZnC12;0.0276 g H2

d. B(OH)3(s)+ 3CH3OH(l) — B(OCH3)3(s)+ 3H20(/)

CH3OH is the limiting reactant; 1.08 g B(OCH3)3;0.562 g H20

50.

a. CO(g) + 2H2(g) - CH3OH(1)
V

V

CO is the limiting reactant; 11.4 mg CH3OH

b. 2A1(s) + 312(s) — 2A113(s) V

12 is the limiting reactant; 10.7 mg All3

c. Ca(OH)2(aq) + 2HBr(aq) —> CaBr2(aq) + 2H20(I)

HBr is the limiting reactant; 12.4 mg CaBr2;2.23 mg H20

d. 2Cr(s) + 2H3P04(aq) —* 2CrPO(s) + 3H2(g)

H3P04is the limiting reactant; 15.0 mg CrPO4;0.309 mg H2

51. 2K1(aq) + Pb(’N03)2(aq) - 2KN03(aq) + PbI(s)

molar masss: KI, 166.0 g; Pb(N03)2,331.2 g; PbI, 334.1 g

1.25 g KI x
1 mol

= 0.007530 mol KI
166.Og

2.42 g Pb(N03)2x
1 mol

= 0.007306 mol
331.2 g

Copyright © Houghton Mifflin Company, All rights reserved,



Chapter 9: Chemical Quantities 197

KI is the limiting reactant that determines the yield ofproduct.

000753OmolKIx
lmolPbI334lPbI=126gp1,1

2 mol KI 1 mol PbI

52 2NH3(g) + C02(g) — CN2H4O(s) +H20(l)

molar masses: NH,, 17.03 g; CO2.44.01 g; CN2H4O, 60.06 g

100.gNH,x
imol

=5.872molNH,
17.03g

100. g CO2 x
m

= 2.272 mol CO2
44.Olg

CO2 is the limiting reactant that determines the yield ofproduct.

2.272 mol CO2 x
1 mol cN2H4O>< 60.06 gCN,H40 136 gN2H40

1 mol CO2 1 molN2H40

53, P1,0(s) + C(s) —* PbQ) + CO(g)

molar masses PbO, 223 2 g, C, 12 01 g, Pb, 207 2 g

500x10’gPbOx
imol

=224OmolPbO
223 2 g

50.OxlO’gCx
Imol

4163molC
1201 g

PbO is the hnuting reactant

224:0 mol PbO
1 mol 207.2 g Pb

= 4.64 x i04 g = 46.4 kg Pb
1 mol PbO 1 mol Pb

54 4Fe(s) + 302(g) 2Fe20,(s)

Molar masses Fe, 55 85 g, Fe20,, 159 7 g

1 25gFex
1 mol

=Oo224molFepresent
55 85 g

Calculate how many mol of 02 are required to react with this amount ofFe

0.O224molFex
3mo102

=0.0168mo102
4molFe

Because we have more 02 than this, Fe must be the limiting reactant.

0.0224 rnol Fe
2 mol Fe20, 1.59.7 g Fe203

= 1.79 g Fe20,
4 mol Fe I mol Fe20,
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55. Ca2(aq) +Na2C2O4(aq) — CaC2O(s) + 2Na(aq)

molar masses: Ca2,40.08 g; Na2C2O4,134.0 g

2+ imo 2+
15 g Ca x = 0.37 mol Ca

40.08 g

15 g NaCO4x
mo

= 0.11 mol Na,CO4
- 134.Og - -

As the balanced chemical equation tells us that one oxalate ion is needed to precipitate each

calcium ion, from the number of moles calculated to be present it should be clear that not nearly

enough sodium oxalate ion has been added to precipitate all the calcium ion in the sample.

56. 2CuSO4(aq) + 5K1(aq) — 2CuI(s) + K13(aq) + 2K2S04(aq)

molar masses: CuSO4,159.6 g; KI, 166.0 g; Cul, 190.5 g; K13, 419.8 g; K2S04,174.3 g

0.525 g CuSO4 x
1 mol

= 3.29 x l0 mol CuSO4
159.6g

2.00 g KI
mo

= 0.0 120 mol K!
166.Og

To determine the limiting reactant, let’s calculate what amount of KI would be needed to react

with the given amount of CuSO4present.

3.29 x i0 mol CuSO4
5 mol K!

= 8.23 x l0 mol KI
2 mol CuSO4

As we have more K! present than the amount required to react with the CuSO4present, CuSO4

must be the limiting reactant that will control the amount of products produced.

3.29 x i0 mol CuSO4
2 mol Cul 190.5 g CuT

= 0.627 g Cu!
2 mol CuSO4 I mol Cul

3.29x lO3molCuSO4x
I molKl3 419.8gKI3

=0.691 gKI3
2 mol CuSO4 I mol K13

3.29 x l0 mol CuSO4
2 mol K2S04 174.3 g K2S04

= 0.573 g KSO4
2 mol CuSO4 I mol K.,S04

57. BaO(s) + 2HCI(aq) —> HO2(aq) + BaCI2(aq)

molar masses: Ba02, 169.3 g; HC1, 36.46 g; H202,34.02 g

l.5OgBaO2x
I mol

=8.860xlO3molBaO,
169.3g -

25.0 mL solution x
0.0272 g HC1

= 0.680 g HC1
I mL solution

0.680 g HCI x
1 mol

= 1.865 x 102 mol HCI
36.46 g
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Ba02 is the limiting reactant.

8.860x lO3molBaO2x
1 molH2O2 <3402 gH2O2

=0.301 gH2Oz
1 mol Ba02 1 mol H202

58. Si02(s) + 3C(s) -- 2C0(g) + SiC(s)

molar masses: Si02,60.09 g;’SiC, 40.10 g; 1.0 kg = 1.0 x g

1.OxlO3gSiO2x
imol

=16.64molSiO2
60.09 g

From the balanced chemical equation, if l’6.64 mol of Si02were to react completely (an excess of
carbon is present), then 16.64 mol of SIC should be produced (the coefficients of Si02 and SIC are
the same).

16.64 mol SiC x
40.01 g= 6.7 x 102 g SiC = 0.67 kg SiC

;lmoi

59. The theoretical yield represents the yield we calculate from the stoichiometry of the reaction and
the masses of reactants taken for the experiment. The actualyield is what is actually obtained in
an experiment. The percentyield is the ratio ofwhat is actually obtained to the theoretical amount
that could be obtained, converted to a percent basis.

60. If the reaction is performed in a solvent, the product may have substantial solubility in the solvent
and the reaction may come to equilibrium before the full yield of product is achieved (See Chapter
17.). Loss ofproduct may occur through operator error.

61. Percent yield = : actUal yield
100

= 1.23 g
100 = 85.4%

theoretical yield 1.44 g

62. 2HgO(s) —* 2Hg(l) + 02(g)

molar masses: HgO, 2166 g; Hg, 200.6 g

1.25 g HgO x 1 mol
= 0.00577 1 mol HgO .

216.6g

0.005771 mol HgO
2 mol Hg

<
200.6 g Hg’

1.16 g (theoretical yield)
2molHgO lmolHg

%yield=
1.09 gactual x 100=94.0% of theory

1.16 g theoretical

63. S8(s) + 8Na2S03(aq) + 40H20(l) — 8Na2S203=5H20

molar masses: S8, 256.6 g; Na2SO3,126.1 g;Na2S203=5H20,248.2 g

imol
3.25gSsx =0.01267mol58

256.6g

13.1 gNa2SO3x
1 mol

=0.lO39molNa2SO3
126.lg

Sg is the limiting reactant.
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0.01267 mol 8
8 molNa2S2O35H2O

= 0.1014 molNa2S2O35H2O
lmolS8

248.2 gNa2S2O35H2O
= 25.2 gNa2S2O35H2O0.1014 mol Na2S2O3= 5H20x

1 molNa2S2O35H2O

actual yield
> 100

= 5.26 g
< 100 = 20.9%Percent yield =

____________ _____

theoretical yield 25.2 g

64. 2LiOH(s) ± CQ2(g) -, Li2CO(s) +H20(g)

molar masses: LiOH, 23.95 g; C02,44.01 g

lmolLiOH lmolCO2 44.01 gCO2
142gC02l55gLiOHx x

23.95 g LiOH 2 mol LiOH 1 tnol CO2

As the cartridge has only absorbed 102 g’C02 out of a total capacity of 142 g C02, the cartridge
has absorbed

102g
x 100 = 71.8% of its capacity.

142g.

65. Xe(g) + 2F2(g) -4 XeF4(s)

molar masses: Xe, 131.3 g;F2,38.00 g; XeF4,207.3 g

imol
130.gXex O99OlmolXe

131.3g

I mol —

l00.gF2x 2632molF2
38.OOg

Xe is the limiting reactant.

1 mol XeF4 207.3 g XeF4
= 205 g XeF4- 0.99OlmolXex x

ImoiXe lmolXeF4

actual yield
< 100

= 145 g
> 100 = 70.7 % of theoryPercent yield =

______________
_____

theoretical yield 205 g

66. Ba2(aq) ÷ SO42(aq) —* BaSO4(s)

molar masses: SO42,96.07 g; BaCI2,208.2 g; BaSQ4,233.4 g

1.12 g SO x
mol

= 0.01166 mol SO42
96.07g

5.02 g BaCI2 x
mol

= 0.02411 mol BaC12= 0.02411 mol Ba2
208.2 g

S042 is the limiting reactant.
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I mol BaSO4
<

233.4 g BaSO4
= 2.72 g BaSO40.01166rno1S04 X

1 mol so42- i mol BaSO4

actualyield 2.02g
Percent yield —

_____________

x 100 X 100 = 74.3%
theoretical yield 2.72 g

67. Ca(HCO3)2(aq) —> CaCO3(s) + C02(g) + H20(l)

millimojar masses: Ca(HCO3)2,162.1 mg; CaCO3, 100.1 mg

2.0 x 10 mg Ca(HCO3)2x
mmol

= 1.23 x l0 mmol Ca(HCO3)2
62.1 mg

1 mmol CaCO3
= 1.23 x 10 mmoL CaCO31.23 x I o- mmol Ca(HCO3),x

1 mmol Ca(HCO )2

100.1 mg
1.23 x 10 mmol x = 1.2 x l0 mg = 1.2 x 10 g CaCO3

1 mmol

68. NaC1(aq) + NH3(aq) + H20(i) + C02(s) — NH4CI(aq) + NaHCO3(s)

molar masses: NH3, 17.03 g; C02, 44.01 g; NaHCO1,84.01 g

10.OgNH3x
1 mol

=0.5872molNH3
17.03 g

15.0 g CO2 x
mql

= 0.3408 mol CO2
44.01 g

CO2 is the limiting reactant.

1 mol NaHCO3
0.3408 mol NaHCO30.3408 mol CO x

- ImolCO,

0.3408 mol NaHCO3 <
84.01 g

= 28.6 g NaHCO3
imol

69. Fe(s) + S(s) - FeS(s)

molar masses: Fe, 55.85 g; 5, 32.07 g; FeS, 87.92 g

5.25 g Fe x
1 mol

= 0.0940 mol Fe
55.85 g

12.7 g S x
mol

= 0.396 mol 5
32.07 g

Fe is the limiting reactant.

1 mol FeS 87.92 g FeS
= 8.26 g FeS produced0.0940 mol Fe x x

1 mol Fe I mol FeS
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70. C6H1206(s)+ 602(g) -4 6C02(g) + 6H20(g)

molar masses: glucose, 180.2 g; CO2.44.01 g

1.00 g glucose x =5.549 x i0 mol glucose

5.549 x 1O mol glucose x
6 mol CO2

= 3.33 x 10 mol CO2
1 mol glucose

3.33 x lW2molCO >
44.01 g

= 1.47 gCO2
imol

71. Cu(s) + S(s) —, CuS(s)

____

molar masses: Cu, 63.55 g; S, 32.07 g; CuS, 95.62 g

31.8 gCux
imol

=0.SOO4niolCu
63.55g

50.0 g S x
1 mol

= 1.559 mol S
32.07 g

Cuisthelimitingreactant. ...•

0.5004 mol Cu x
mol CuS

= 0.5004 mol CuS
lmolCu

0.5004molCuSx
Imol :

% yield
= 40.0 g

> 100 = 83.7%
47.8g

72. Ba2(aq) + SO4(aq) — BaSO4(s)

millimolar ionic masses: Ba2, 137.3 mg; S042,96.07 mg; BaC12,208.2 mg

150mg S042 x
m’

= 1.56 millimol S042
96.07mg

As barium ion and sulfate ion react on a 1:1 stoichiometric basis, then 1.56 millimol àf barium ion
is needed, which corresponds to 1.56 millimol of BaC12.

F
1.56 millimol BaCI2 x

208.2 mg
= 325 milligrams BaC12needed

Immol

1

•‘1
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- 10.3gCl -73. mass of Cl present = 1.054 g sample x = 0.1086 g Ci
100.0 g sample

molar masses: cr, 35.45 g; AgNO3,169.9 g; AgC1, 143.4 g

- mo 3 -0.1086gC1 x =3.063x10 molCi
35.45g

3.063 x 1W3 mol crx 1 mol AgNO3
= 3.063x iW mol AgNO3

lmolCl

3.063 x io- mol AgNO3x
169.9 g

= 0.520 g AgNO3required
1 mol

3.063 x iW mci cr x
1 mol AgC1

= 3.063 x i0 mol AgCI
imolCi .

3.063 x iW mci AgC1 <
143.4 g

= 0.439 g AgC1 produced -

imol;

a. U02(s) + 4HF(aq) — UF.(aq) + 2H20Q)

One molecule (formula unit) ofuraniwn(IV) oxide will combine with four molecules of
hydrofluórie acid, producing one uranium(TV) fluoride molecule and two water molecules.
One mole of uranium(1V) oxide will combine with four moles of hydrofluoric acid to
produce one mole of uranium(1V) fluoride and two moles ofwater.

b. 2NaC2H3O2(aq)+H2S04(aq) —* Na2SO4(aq) +2HC2H3O2(aq)

Two molecules (formula units) of sodium acetate react exactly with one mOlecule of sulfuric
acid, producing one molecule (formula unit) of sodium sulfate and two molecules of acetic
acid. Two moles of sodium acetate will combine with one mole of sulfuric acid, producing
one mole of sodium sulfate and two moles of acetic acid.

c. Mg(s) + 2HC1(aq) - MgC12(aq)+ H2(g)

One magnesium atom will react with two hydrochloric acid molecules (formula units) to
produce one molecule (formula unit) of magnesium chloride and one molecule of hydrogen
gas. One mole ofmagnesium will combine with two moles of hydrochloric acid, producing
one mole ofmagnesium chloride and one mole of gaseous hydrogen.

d. B2O3s)+ 3H20(O —> 2B(O3(aq)

One molecule of diboron trioxide will react exactly with three molecules of water, producing
two molecules of boron trihydroxide (boric acid). One mole ofdiboron trioxide will
combine with three moles ofwater to produce two moles of boron trihydroxide (boric acid).

75. False. For 0.40 mol of Mg(OH’)2to react, 0.80 mol of HC1 will be needed. According to the
balanced equation, for a given amount of Mg(OH)2,twice as many moles of HCI is needed.

76. ForO2: r 5mo102

_______
_______

lmolC3H8,
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74.

(3 mol CO2ForCO2: I
lmolC3H8

(4molH2O’
For H20:

[\l molC3H8J
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77.

a. 2H202(/) -4 2I-10(1) + 02(g)

0.50 mol H,0, x
2 mol 1I20 0.50 mol H,0-

- 2molH1O, -

0.50 mol H0 x
hi1 02 0.25 mol O-

- 2rnolH,0, -

b. 2KC103(s) - 2KCI(s) + 302(g)

0.50 mol Kc103
2 mol KCI

= 0.50 mol KCI
2molKCIO3

0.50 mol KC10 x
3 mol 0,

= 0.75 mol 0
2rnolKCl() 3

c 2Al() + 6HCI(aq) —* 2A1C13(aq) + 3H7(g)

2 mol AICI
O5Ornol Aix =O5OmolAlCh

2molAl

0.50 mol Al x
mol H,

= 0.75 mol H
2molAl

d. C3H8(g) + 502(g) — 3C02(g) + 4H20(l)

0.50 mol CH8
3 mol CO.

1.5
I mol C3H -

0.50 mol CH
4 mol H20

2.0 mol H,0
1 mol C1H -

78

a. NH3(g) + HCI(g) — NH4CI(s)

molar mass otNH3=1701 g

1.00 g NH x
mol

= 0.0588 moi NH
:

• 17.Olg

0.0588 rnol NH x
mol NH4CI

= 0.0588 mol NH4CI
I mol NH3

b. CaO(s) + C02(g) —* CaCO3(s)

molar mass CaO = 56.08 g

1.00 g CaO x
mol

= 0.0178 mol CaO
56.08 g

0.0178 mol CaO
I mol CaCO,

= 0.0178 mol CaCO3
I mol CaO
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c. 4Na(s) + 02(g) —, 2Na20(s)

molar mass Na = 22.99 g

1.OOgNax
imol

—0.0435 mol Na
22.99g

0.0435mol Na
2 mol Na20

= 0.0217 mol Na20
4molNa

d. 2P(s) + 3C12g —4 2PC13(l)

molar mass P = 30.97 g

1.OOgPx
Imol

=0.0323rnolP
30.97 g

0.0323 ff01 p 2 moi PCI3
= 0.0323 mól PCi3

2molP

molar mass CuSO4= 159.6 g

4.21 g CuSO4x
1 urnl

= 0.0264 mci CuSO4
159.6g

b. molar massBa(N03)2=261.3 g

7.94 g Ba(N03)2x
1 mol

=0.0304 mol Ba(N03h
261.3g -

c. molarmasswater= 18.02 g; 1.24mg=0.00124g.

0.00124 g x
mol

= 6.88 x l0 mol H20
18.02g

d. molar mass W = 183.9 g .

9.79gWx
imol

=5.32xlW2molW
183.9g

e. molar mass S = 32.07 g; 1.45 lb = 1.45(454) = 658 g

658gSx
Imol

=20.5molS
32.07g

f. molar massC2H5OH = 46.07 g

4.65 gC2H5OH x
1 mol

= 0..101molC2H5OH
46.07 g

g. molarmassC= 12.01 g

12.OlgCx
imol

=1.OOmolC
12.01 g

L

79.

a.
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80.

a. molar mass HNO3 = 63.0 g

5.OmolHNO3x
63.Og32

1O2gHNO3
1 mol

b. molar mass Hg = 200.6 g

0.000305 mol Hg x
200.6 g

= 0.06 12 g Hg
I mol

c. molar mass K2CrO4= 194.2 g

2.31 x 10 mol K2CrO4x
194.2 g

x i0 g K2CrO4
1 mol

d. molar mass AId3 133.3 g

10.5 mol Aid3 x
133.3 g

1.40 x g Aid3
I mol

e. molar mass SF6= 146.1 g

4.9 x 10 mol SF(,
146.1 g

= 7.2 x 106 g SF6
Irnol

f. molar mass NH3 = 17.01 g

125 molNH3x
17.01=213 l0 gNH3

I mol

g. molar mass Na202= 77.98 g

0.0 1205 mol Na202
77.98 g

0.9397 g Na202
1 mol

81. Before any calculations are done, the equations must be balanced.

a. BaCl2(aq) +H2S04(aq) — BaS0(s) + 2HC1(aq)

0.145 mol Badi, x
mol H2S04

= 0.145 mol H,S04
- I mol BaCl,

b. AgNO3(aq) + NaCI(aq) — AgCl(s) + NaNO3(aq)

0.145 mol AgNO3
1 mol Nadi

= 0.145 mol NaCI
1 mol AgNO3

c. Pb(N03)2(aq) +Na2CO3(aq) — PbCO3(s) + 2NaNO3(aq)

0.145 mol Pb(N03)2
1 mol Na2CO3

0.145 mol Na,C03
1 mol Pb(N0,),

d. C3H8(g) + 502(g) — 3d02(g) + 4H20(g)

0.145 mol CH
mol 0,

= 0.725 mol 0
1moIC3H -

-
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82. 2SO2(g)+O(g) —4 2SO(g)

molar masses: SO2, 64.07 g; SO3, 80.07 g; 150 kg= 1.5 x i05 g

1.5 x 10 g SO2 x
imol

=2.34 x i0 mol SO2
64.07g .

2.34 x io3 mol so2 x
2 mol SO3

= 2.34 x i0 mol SO3
ZmolSO2

- imol

83 2ZnS(s) + 302(g) -4 2ZnO(s) + 2S02(g)

molarmasses: ZnS, 97.45 g; SO2, 64.07 g; 1.0 x 1(9kg= 1.0 x g

1.OxlO5gZnSx
1mol

=l.O26xlO3mólZnS
97.45g

1.026 x molZnS x
2mo1O2

= 1.026x mol SO2
2molZnS

1.O26xlO3molSO2x
• imol

84. 2Na2O2(s)+ 2H20(l) —> .4NaOH(aq) + 02(g)

molar masses: Na202,77.98 g; O, 32.00 g

3.25 g Na202x
1 mol

= 0.0417 mol Na202
77.98g

0 0417 molNa2O2x
1 mol 02

= 0 0209 mol 0
2 mol Na202.

0 0209 mol 02 <
32 00 g

= 0 669 g 02
imol

85. Cu(s) + 2AgNO3(aq) —* Cu(N03)2(aq)+ 2Ag(s)

millimolar masses: Cu, 63.55 mg; AgNO3,169.9 mg

1.95 mg AgNO3x
mmcl

= 0.01148 mmcl AgNO3
169.9mg

001148 mmol AgNO3
1 mmolCu

= 0005740 mmol Cu
• 2 mmcl AgNO3

0.005740 mmol Cu x
63.55 g

= 0.365 mg Cu
1 mol
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86, Zn(s) + 2HCI(aq) — ZnCI2(aq) + H2(g)

molar masses: Zn, 65.38 g; H2, 2.016 g

2.50 g Zn x
mo

= 0.03 824 mol Zn
65.38g

0.03 824 mol Zn x
1 mol H2

= 0.03 824 mol H,
ImolZn -

0.03 824 mol H, x
2.016 g

= 0.077 1 g H,
- imol -

87. 2C2H2g)+ 502(g) — 4C02(g) + 2H20(g)

molar masses: C2H2,26.04 g; 02, 32.00 g; 150 g = 1.5 x 102 g

1.5 x 102 g CH x
mol

= 5.760 mol C2H,
-

- 26.04g -

5.760 mol C2H2x
mol 02

= 14.40 mol 0,
2molC,H, -

14.40 mol0x32.OO=4102g,

- Imol -

88.

a. 2Na(s) + Br2(1) —* 2NaBr(s)

molar masses: Na, 22.99 g; Br2, 159.8 g; NaBr, 102.9 g

5.0 g Na x
mo

= 0.2 175 mol Na
22.99g

5.0 g Br, x
mo

= 0.03 129 mol Br,
- 159.8g -

Intuitively, we would suspect that Br2 is the limiting reactant because there is much less Br2

than Na on a mole basis. To prove that Br2 is the limiting reactant, the following calculation

is needed:

0.03 129 mol Br,><
2 mol Na

= 0.06258 mol Na.
- lmolBr2

Clearly there is more Na than this present, so Br2 limits the reaction extent and the amount

of NaBr formed.

0.03129 mol Br2 >
2 mol NaBr

= 0.0625 8 mol NaBr
lmolBr,

0.06258 mol NaBr x
102.9 g

= 6.4 g NaBr
Imol
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b. Zn(s) + CuSO4(aq) —* ZnSO(aq) + Cu(s)

molar masses: Zn, 65.38 g; Cu, 63.55 g; ZnSO4,161.5 g; CuSO4,159.6 g

5.0 g Zn x
1 mol

= 0.07648 mol Zn
65.38g

5.OgCuSO4x
I mci

=0.O3l32molCuSO4
159.6g

As the coefficients of Zn and CuSO4are the same in the balanced chemical equation, an

equal .number of moles of Zn and CuSO4would be needed for complete reaction. There is

less CuSO4present, so CuSO4must be the limiting reactant.

0.03 132 mol CuSO4x
1 mci ZnSO4

= 0.03 132 mol ZnSO4
1 mol CuSO4

0.O3l32molZnSO4x
imol

0.03132 mol CuSO4x
1 mci Cu

= 0.03132 mol Cu
1 mol CuSO4

0.O3l32molCux63.SS=•Qgu
Imol

• c. NH4C1(aq) + NaOH(aq) -.-- NH3(g) +H2OQ) + NaC1(aq)

molar masses: NH4CI, 53.49 g; NaOH, 40.00 g; NH3, 17.03 g;H20, 18.02 g; NaCI, 58.44 g

5.0 g NH4C1 x
1 mci

=0.09348 mol NH4C1
• 53.49g

5.OgNaOHx
1 mol

=0.l25OmolNaOH
40.OOg

As the coefficients ofNH4CL and NaOH are both one in the balanced chemical equation for

the reaction, an equal number of moles ofNH4C1 and NaOH would be needed for complete

reaction. There is lessNH4CIpresent, so NH.C1 must be the limiting reactant.

As the coefficients oftheproducts in the balanced chemical equation are also all one, if

0.09348 mol ofNH4CI (the limiting reactant) reacts completely, then 0.09348 mol of each

product will be fonned.

0.09348 mol NH3 <
17.03 g

= 1.6 g NIT
imol

0.09348mo1 H20
18.02 g

1.7 g H20
- imol

0.09348 mol NaC1 x
58.44 g

= 5.5 g NaCI
1 mol

Copyright @ Houghton Mlfflln Company. All nghts reserved.



210 Chapter 9 ChemIcal Quantities

d. Fe203(s) + 3C0(g) —* 2Fe(s) + 3C02(g)

molar masses: Fe203,159.7 g; CO, 28.01 g; Fe, 55.85 g; CO2.44.01 g

5.0 g Fe203x
mol

0.03131 mol Fe203
159.7.g

• 5.0 g CO X
1 mol

=0. 178 mol CO
28.01 g

Because there is considerably less Fe203than COon amolebasis, let’s see ifFe203is the

limiting reactant. V

0.03.131 mel Fe203
3 molCO

= 0.09393 mol CO
1 molFe2O3

There is 0 1785 mol of CO present, but we have determined that onlyOO9393 mol CO

would be needed to react with all the Fe2O3present, so Fe2O3must be the limiting reactant.

CO is present in excess
V 2molFe 55.85 gFe

0.O3l3lmoIFe2O3x XV =3.5gFe
I molFe2O3 I mol Fe

V 3 mol CO2 44.01 g CO2
V

V
0.03131 mol Fe203x x 4.1 g CO2 V

V

• 1 mol Fe2O3 1 mol CO2
V V

89. V

V

a. C2H5OH(l) + 302(g) —+ 2C02(g) + 3JJ20(1) V V

V

molar masses:C2H5OH, 46.07 g; 02,32.00 g; C02,44.01 g

25.0 gC2H5OH x.
1 niol

= 0.5427 molC2H5OH V

46.07g V

V
VV

V

V

V

25.0 g 02 X
mol

= 0.7813 mol 02
V

V
V

• V

32.OOg V

As there is lessC2H5OH present on a mole basis, see if this substance is the limiting
reactant.

0.5427 molC2fI5OH
3 mol 02

= 1.628 1 mol 02.
Imo1C2H5OH

From the above calculation,C2H5OH must not be the limiting reactant (even though there is

a smaller number of moles ofC2H5OHpresent) because more oxygen than is present would

be required to react completely with theC2H5OH present. Oxygen is the limiting reactant.

2 mol CO2 44.01 g CO2
0.7813 mol 02 x x 22.9 g CO2

3mo102 lmolCO2
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b. N(g) + 02(g) -4 2N0(g) V.,

molar masses: N2, 28.02 g; 02, 32.00 g; NO, 30.01 g

25.0 g N2 x
1 mol

= 0.8922 mol N2
28.02g

25.OgO2x
imol

=0.7813mo102
32.OQg

As the coefficients ofN2 and 02 are the same in the balanced chemical equation for the
reaction,.an equal number of moles of each substance would be necessary for complete

reaction. There is less 02 present on a mole basis, so 02 must be the limiting reactant.

2molNO .30.OlgNO
0.7813mo102x x = 46.9 gNO

V lmolO2 imolNO

c. 2NaCIQ2(aq) + Cl2(g) -+ 2C102(g) + 2NaC1(aq)

molar masses: NaCl0, 90.44 g; Cl2, 70.90 g; NaC1, 58.44 g

25.0 g NaC1O2X
1 mol

= 0,2764 mol NaClO2
V 90.44g

25.0 g Cl2 X
mol

= 0.3526 mol Cl2
V

- V
V

70.90g V

V V

V V

V
V

V

Sçe ifNaCIO2is the limiting, reactant.
V

V

V V

V

0.2764 mol NaCIO2x
1 mol ci2

=0.1382 mol Cl2
V

V

V

V

2 mol NaC1O2 V

V

As 02764 mol ofNaCIO2would require only 0.1382 mol Cl2 to react completely (and since

we have more than this amount ofCl2), then NaC1O2must indeed be the limiting reactant.

2molNaCl 5844gNaC1
0.2764 mol NaCIO2x V V V

= 16.2 gVNaC1
V

2 mol NaC1O2 I mol NaCI V

d. 3H2(g)+N2(g) -4 2NH3(g).
V

V

V

molar masses: 112, 2.016 g; N2, 28.02 g; NH3, 17.03 g

25.OgH2x
Imol

=12,4OmolH2 V

2.016g
V

V:
VV V

25.0 N2 x
mol

= 0.8922 mol N2 V

V,

V

V

V

28.02 g .
V

V
VVVV

V

V

V

See ifN2 is the limiting reactant.
V

V

V V V• V -

V

0.8922 mol N2 <
3mol H2

= 2.677 mol H2
1 molN2
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N2 is clearly the limiting reactant because there is 12.40 mol H2 present (a large excess).

0.8922 màlN2x
2 mol NH3 17.03g3

= 30.4 gNH3
VlmolN2 lmolNH3

90. N2H4Q) +02(g) —* N2(g) + 2H20(g) V
V

molar masses: N2H4,32.05 g; .02, 32.00 g;N2,28.02 g; 1120, 18.02 g

imol
20.0 gN2H4x = 0.624 mol N2H4

V

V

V
V

32.05g
V

V

V V

20.0 g 0 x
1 mol

= 0.625 mol 02
32.OOg

V

V The two reactants are present in nearly the required ratio for complete reaction (due to the 1:1

stoichiometry of the reaction and the very similar molar masses of the substances). We will

considerN2H4as the limiting reactant inthe following calculations.

moIN2H4
I molN2 28.02 gN2

= 17.5 gN2 V

lmolN2H4 lmolN2
V]

0.624 mol N2B4
2 mol H20 18.02 g H20 22.5 g 1120

V

V

1 molN2H4
V 1 mol H20 V

91. TotalquantityofH2S=50.Lx 1.5 xlO
V

8H2S(aq) + 8C12(aq) —* I6HC1(aq) + Ss(s) V

V
molar masses: H2S, 34.09 g; Cl2, 70.90 g; S8, 256.6 g

7.5 x io g H2S x
mol

= 2.20 x 10 mol H2S
V

34.09g V

V

1.0 g ci2 x
. mol

1.41 x l0_2 mol Cl2 V

70.90g V

There is a large excess of chlorine present compared to the amount ofCl2 that would be needed to

react with all the H2S present in the water sample: H2S is the limiting reactant for the process.

2.20 x I0 mol H2S
1 mol S8 256.6 g S8

= 7.1 x 10 g S8 removed
V

8molH2S lmolS8

40 g actual
92. 12.5gtheoryx =5.Og

100 gtheory
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