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(c) aldehyde: o

I
R C H

(d) ketone: Q

II
R C R1

(e) carboxylic acid: o

R — c — OH

(f) ester: o

II
R C OR

(g) amines: RNH2

Problems by Topic

Chemical Formulas and Molecular View of the Elements

^3.23 1 The chemical formula gives you the kind of atom and the number of each atom in the compound.

(a) Mg3(PC>4)2 contains: 3 magnesium atoms, 2 phosphorus atoms, and 8 oxygen atoms

(b) BaCl2 contains: 1 barium atom and 2 chlorine atoms

(c) Fe(NO2)2 contains: 1 iron atom, 2 nitrogen atoms, and 4 oxygen atoms

(d) Ca(OH)2 contains: 1 calcium atom, 2 oxygen atoms, and 2 hydrogen atoms

The chemical formula gives you the kind of atom and the number of each atom in the compound.

(a) Ca(NO2)2 contains: 1 calcium atom, 2 nitrogen atoms, and 4 oxygen atoms

(b) CuSC>4 contains: 1 copper atom, 1 sulfur atom, and 4 oxygen atoms

(c) A1(NC>3)3 contains: 1 aluminum atom, 3 nitrogen atoms, and 9 oxygen atoms

(d) Mg(HCO3)2 contains: 1 magnesium atom, 2 hydrogen atoms, 2 carbon atoms, and 6 oxygen atoms

1 blue = nitrogen, 3 white = hydrogen: NH3

2 black = carbon, 6 white = hydrogen: C2H6

1 yellow - green = sulfur, 3 red = oxygen: SO3

1 blue = nitrogen, 2 red = oxygen: NO2

1 yellow - green = sulfur, 2 white = hydrogen: SH2

1 black = carbon, 4 white = hydrogen: CH4

Neon is an element and it is not one of the elements that exist as diatomic molecules, therefore it is an
atomic element.

(b) Fluorine is one of the elements that exist as diatomic molecules, therefore it is a molecular element.

(c) Potassium is not one of the elements that exist as diatomic molecules, therefore it is an atomic element.

(d) Nitrogen is one of the elements that exist as diatomic molecules, therefore it is a molecular element.
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(a) Hydrogen is one of the elements that exist as diatomic molecules, therefore it has a molecule as its
basic unit.

(b) Iodine is one of the elements that exist as diatomic molecules, therefore it has a molecule as its
basic unit.

(c) Lead is not one of the elements that exist as a diatomic molecule, therefore it does not have a mole-
cule as its basic unit.

(d) Oxygen is one of the elements that exist as diatomic molecules, therefore it has a molecule as its
basic unit.

(a) CC>2 is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.

(b) NiCl2 is a compound composed of a metal and a nonmetal, therefore it is an ionic compound.

(c) Nal is a compound composed of a metal and a nonmetal, therefore it is an ionic compound.

(d) PCls is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.

(a) CF2C12 is a compound composed of a nonmetal and 2 other nonmetals, therefore it is a molecular
compound.

(b) CCLi is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.

(c) PtC>2 is a compound composed of a metal and a nonmetal, therefore it is an ionic compound.

(d) SO3 is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.

(a) white - hydrogen: a molecule composed of two of the same element, therefore it is a molecular element.

(b) blue - nitrogen, white - hydrogen: a molecule composed of a nonmetal and a nonmetal, therefore it
is a molecular compound.

(c) purple - sodium: a substance composed of all the same atoms, therefore it is an atomic element.

(a) green - chlorine, purple - sodium: a compound composed of metal and nonmetal, therefore it is an
ionic compound.

(b) green - chlorine: a molecule composed of two of the same element, therefore it is a molecular element.

(c) red - oxygen, black - carbon, white - hydrogen: a molecule composed of nonmetals, therefore it is a
molecular compound.

Formulas and Names for Ionic Compounds

( 3331 To write the formula for an ionic compound do the following: 1) Write the symbol for the metal cation and
its charge and the symbol for the nonmetal anion and its charge. 2) Adjust the subscript on each cation and
anion to balance the overall charge. 3) Check that the sum of the charges of the cations equals the sum of the
charges of the anions.

(a) calcium and oxygen:

(b) zinc and sulfur:

(c) rubidium and bromine:

(d) aluminum and oxygen:

Ca2-

Zn2+

Rb+

A13+

o2-
s2-
Br

o2-

CaO

ZnS

RbBr

A1203

cations 2+, anions 2-

cations 2+, anions 2-

cation +, anions -

cation 2(3+) = 6+, anions 3(2-) = 6-

To write the formula for an ionic compound do the following: 1) Write the symbol for the metal cation and
its charge and the symbol for the nonmetal anion and its charge. 2) Adjust the subscript on each cation and
anion to balance the overall charge. 3) Check that the sum of the charges of the cations equals the sum of the
charges of the anions.
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(a) silver and chlorine:

(b) sodium and sulfur:

(c) aluminum and sulfur:

(d) potassium and chlorine:

Ag+

Na+

A13+

s2-
s2-
cr

AgCl cation +, anions -

Na2S cation 2(1+) = 2+, anion 2-

A12S3 cation 2(3+) = 6+, anions 3(2-) = 6-

KC1 cation +, anion -

To write the formula for an ionic compound do the following: 1) Write the symbol for the metal cation and
its charge and the symbol for the polyatomic anion and its charge. 2) Adjust the subscript on each cation
and anion to balance the overall charge. 3) Check that the sum of the charges of the cations equals the sum
of the charges of the anions.

Cation = calcium: Ca2+

(a) hydroxide: OH

(b) chromate:

(c) phosphate:

(d) cyanide:

Cr04
2-

po,3-
CNT

Ca(OH)2 cation 2+, anion 2(1-) = 2-

CaCrO4 cation 2+, anion 2-

Ca3(PO4)2 cation 3(2+) = 6+, anion 2(3-) = 6-

Ca(CN)2 cation 2+, anion 2(1-) = 2-

To write the formula for an ionic compound do the following: 1) Write the symbol for the metal cation and
its charge and the symbol for the nonmetal anion and its charge. 2) Adjust the subscript on each cation and
anion to balance the overall charge. 3) Check that the sum of the charges of the cations equals the sum of the
charges of the anions.

Cation = potassium: K+

(a) carbonate:

(b) phosphate:

(c) hydrogen phosphate:

(d) acetate:

co3
2~

PO43-

HP04
2-

C2H302-

K2C03

K3P04

K2HPO4

KC2H3O2

cation 2(1+) = 2+, anion 2-

cation 3(1+) = 3+, anion 3-

cation 2(1+) = 2+, anion 2-

cation 1+, anion 1-

To name a binary ionic compound name the metal cation followed by the base name of the anion + -ide.

(a) Mg3N2: The cation is magnesium; the anion is from nitrogen, which becomes nitride: magnesium
nitride.

(b) KF: The cation is potassium; the anion is from fluorine, which becomes fluoride: potassium fluoride.

(c) Na2O: The cation is sodium; the anion is from oxygen, which becomes oxide: sodium oxide.

(d) Li2S: The cation is lithium; the anion is from sulfur, which becomes sulfide: lithium sulfide.

(e) CsF: The cation is cesium; the anion is fluorine, which becomes fluoride: cesium fluoride.

(f) KI: The cation is potassium; the anion is iodine, which becomes iodide: potassium iodide.

(g) SrCl2: The cation is strontium; the anion is chlorine, which becomes chloride: strontium chloride,

(h) BaCl2: The cation is barium; the anion is chlorine, which becomes chloride: barium chloride.

To name an ionic compound with a metal cation that can have more than one charge, name the metal cation
followed by parentheses with the charge in roman numerals followed by the base name of the anion + -ide.

(a) SnCl4: The charge on Sn must be 4+ for the compound to be charge neutral: The cation is tin(IV);
the anion is from chlorine, which becomes chloride: tin(IV) chloride.

(b) PbI2: The charge on Pb must be 2+ for the compound to be charge neutral: The cation is lead(II);
the anion is from iodine, which becomes iodide: lead(II) iodide.
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(c) Fe203:

(d) CuI2:

(e) SnO2:

(f) HgBr2:

(g) CrCl2:

(h) CrCl3:

The charge on Fe must be
the anion is from oxygen,

3+ for the compound to be charge neutral: The cation is iron(III);
which becomes oxide: iron(III) oxide.

The charge on Cu must be 2+ for the compound to be charge neutral: The cation is
copper(II); the anion is from iodine, which becomes iodide: copper(II) iodide.

The charge on Sn must be
the anion is from oxygen,

4+ for the compound to be charge neutral: The cation is tin(IV);
which becomes oxide: tin(IV) oxide.

The charge of Hg must be 2+ for the compound to charge neutral: The cation is mercury(II);
the anion is from bromine, which becomes bromide: mercury(II) bromide.

The charge on Cr must be 2+ for the compound to be charge neutral: The cation is chromi-
um(II); the anion is from chlorine, which becomes chloride: chromium(II) chloride.

The charge on Cr must be 3+ for the compound to be charge neutral: The cation is chromi-

\339j

um(III); the anion is from chlorine, which becomes chloride: chromium(III) chloride.

To name these compounds you must first decide if the metal cation is invariant or can have more than one
charge. Then, name the metal cation followed by the base name of the anion + -ide.

(a) SnO: Sn can have more than one charge. The charge on Sn must be 2+ for the compound to be charge
neutral: The cation is tin(n); the anion is from oxygen, which becomes oxide: tin(II) oxide.

(b) Cr2S3: Cr can have more than one charge. The charge on Cr must be 3+ for the compound to be
charge neutral: The cation is chromium(III); the anion is from sulfur, which becomes sulfide:
chromium(III) sulfide.

(c) Rbl: Rb is invariant: The cation is rubidium; the anion is from iodine, which becomes iodide:
rubidium iodide.

(d) BaBr2: Ba is invariant: The cation is barium; the anion is from bromine, which becomes bromide:
barium bromide.

To name these compounds you must first decide if the metal cation is invariant or can have more than one
charge. Then, name the metal cation followed by the base name of the anion + -ide.

(a) BaS: Ba is invariant: The cation is barium; the anion is from sulfur, which becomes sulfide: bari-
um sulfide.

(b) FeCIs: Fe can have more than one charge. The charge on Fe must be 3+ for the compound to be
charge neutral: The cation is iron(III); the anion is from chlorine, which becomes chloride:
iron(III) chloride.

(c) PbI4: Pb can have more than one charge. The charge on Pb must be 4+ for the compound to be
charge neutral: The cation is lead(IV); the anion is from iodine, which becomes iodide:
lead(IV) iodide.

(d) SrBr2: Sr is invariant: The cation is strontium; the anion is from bromine, which becomes bromide:
strontium bromide.

To name these compounds you must first decide if the metal cation is invariant or can have more than one
charge. Then, name the metal cation followed by the name of the polyatomic anion.

(a) CuNO2: Cu can have more than one charge. The charge on Cu must be 1+ for the compound
to be charge neutral: The cation is copper(I); the anion is nitrite: copper(I) nitrite.

(b) Mg(C2H3O2)2: Mg is invariant: The cation is magnesium; the anion is acetate: magnesium acetate.

(c) Ba(NC>3)2: Ba is invariant: The cation is barium; the anion is nitrate: barium nitrate.
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(d) Pb(C2H3O2)2: Pb can have more than one charge. The charge on Pb must be 2+ for the compound
to be charge neutral: The cation is lead(II); the anion is acetate: lead(II) acetate.

(e) KC1O3: K is invariant: The cation is potassium; the anion is chlorate: potassium chlorate.

(f) PbSO4: Pb can have more than one charge. The charge on Pb must be 2+ for the compound
to be charge neutral: The cation is lead(II); the anion is sulfate: lead(II) sulfate.

To name these compounds you must first decide if the metal cation is invariant or can have more than one
charge. Then, name the metal cation followed by the name of the polyatomic anion.

(a) Ba(OH)2: Ba is invariant: The cation is barium; the anion is hydroxide: barium hydroxide.

(b) NH4I: The cation is ammonium; the anion is from iodine, which becomes iodide: ammonium
iodide.

(c) NaBrO4: Na is invariant: The cation is sodium; the anion is perbromate: sodium perbromate.

(d) Fe(OH)3: Fe can have more than one charge. The charge on Fe must be 3+ for the compound to be
charge neutral: The cation is iron(III); the anion is hydroxide: iron(III) hydroxide.

(e) CoSO4: Co can have more than one charge. The charge on Co must be 2+ for the compound to be
charge neutral: The cation is cobalt(II); the anion is sulfate: cobalt(II) sulfate.

(f) KC1O: K is invariant: The cation is potassium; the anion is hypochlorite: potassium hypochlorite.

To write the formula for an ionic compound do the following: 1) Write the symbol for the metal cation and
its charge and the symbol for the nonmetal anion or polyatomic anion and its charge. 2) Adjust the subscript
on each cation and anion to balance the overall charge. 3) Check that the sum of the charges of the cations
equals the sum of the charges of the anions.

(a) sodium hydrogen sulfite:

(b) lithium permanganate:

(c) silver nitrate:

(d) potassium sulfate:

(e) rubidium hydrogen sulfate:

(f) potassium hydrogen carbonate:

Na+

Li+

Ag+

K 1

Rb+

K+

HS03-

MnO4~

NO3-

so4
2-

HS04-

HC03-

NaHSO3

LiMnO4

AgNO3

K2SO4

RbHSO4

KHCO3

cation 1+, anion 1-

cation 1+, anion 1-

cation 2(1+) = 2+, anion 2-

cation 1+, anion 1-

cation 1+, anion 1-

3.45

To write the formula for an ionic compound do the following: 1) Write the symbol for the metal cation and
its charge and the symbol for the nonmetal anion or polyatomic anion and its charge. 2) Adjust the subscript
on each cation and anion to balance the overall charge. 3) Check that the sum of the charges of the cations
equals the sum of the charges of the anions.

cation 2+, anion 2(1-) = 2-

cation 1+, anion 1-

cation 2+, anion 2-

cation 2+, anion 2(1-) = 2-

cation 1+, anion 1-

Fe3(PO4)2 cation 3(2+) = 6+, anion 2(3-) = 6-

Hydrates are named the same way as other ionic compounds with the addition of the term £>re/?;chydrate,
where the prefix is the number of water molecules associated with each formula unit.

(a)

(b)

(c)

(d)

(e)

(f)

copper(II) chloride:

copper(I) iodate:

lead(II) chromate:

calcium fluoride:

potassium hydroxide:

iron(II) phosphate:

Cu2+

Cu+

Pb2+

Ca2+

K+

Fe2+

cr
io3-
CrO4

2~

F-

OH-

PO43-

CuCl2

CuIO3

PbCrO4

CaF2

KOH

Fe3(P04
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(a) CoSO4 • 7H2O cobalt(II) sulfate heptahydrate

(b) iridium(III) bromide tetrahydrate IrBr3 • 4H2O

(c) Mg(BrO3)2 • 6H2O magnesium bromate hexahydrate

(d) potassium carbonate dihydrate K^COs • 2H2O

Hydrates are named the same way as other ionic compounds with the addition of the term prefixhydrate,
where the prefix is the number of water molecules associated with each formula unit.

(a) cobalt(II) phosphate octahydrate Co3(PO4)2 • 8H2O

(b) BeCl2 • 2H2O beryllium chloride dihydrate

(c) chromium(III) phosphate trihydrate CrPO4 • 3H2O

(d) LJNO2 • H2O lithium nitrite monohydrate

Formulas and Names for Molecular Compounds and Acids

(a) CO The name of the compound is the name of the first element, carbon, followed by the base
name of the second element, ox, prefixed by mono- to indicate one and given the suffix -ide:
carbon monoxide.

(b) NIs The name of the compound is the name of the first element, nitrogen, followed by the base
name of the second element, iod, prefixed by tri- to indicate three and given the suffix -ide:
nitrogen triiodide.

(c) SiCLi The name of the compound is the name of the first element, silicon, followed by the base
name of the second element, chlor, prefixed by tetra- to indicate four and given the suffix -ide:
silicon terrachloride.

(d) 1^4864 The name of the compound is the name of the first element, nitrogen, prefixed by tetra- to
indicate four followed by the base name of the second element, selen, prefixed by tetra- to
indicate four and given the suffix -ide: tetranitrogen tetraselenide.

(e) I2O5 The name of the compound is the name of the first element, iodine, prefixed by di- to indicate
two followed by the base name of the second element, ox, prefixed by penta- to indicate five
and given the suffix -ide: diiodine pentaoxide.

(a) SO3 The name of the compound is the name of the first element, sulfur, followed by the base
name of the second element, ox, prefixed by tri- to indicate three and given the suffix -ide:
sulfur trioxide.

(b) SO2 The name of the compound is the name of the first element, sulfur, followed by the base
name of the second element, ox, prefixed by di- to indicate two and given the suffix -ide:
sulfur dioxide.

(c) BrF5 The name of the compound is the name of the first element, bromine, followed by the base
name of the second element, fluor, prefixed by penta- to indicate five and given the suffix
-ide: bromine pentafluoride.

(d) NO The name of the compound is the name of the first element, nitrogen, followed by the base
name of the second element, ox, prefixed by mono- to indicate one and given the suffix -ide:
nitrogen monoxide.

(e) XeOs The name of the compound is the name of the first element, xenon, followed by the base
name of the second element, ox, prefixed by tri- to indicate three and given the suffix -ide:
xenon trioxide.
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(b)

(c)

PC13

CIO

S2F4

BBr3

C12O

XeF4

CBr4

(a) phosphorus trichloride:

(b) chlorine monoxide:

(c) disulfur tetrafluoride:

(d) phosphorus pentafluoride:

(e) diphosphorus pentasulfide:

(a) boron tribromide:

dichlorine monoxide:

xenon tetrafluoride:

(d) carbon tetrabromide:

(e) diboron tetrachloride: B^^

(a) HI: The base name of I is iod so the name is hydroiodic acid.

(b) HNO3: The oxyanion is nitrate, which ends in -ate; therefore, the name of the acid is nitric acid.

H2CO3. The oxyanion is carbonate, which ends in -ate; therefore, the name of the acid is carbonic acid.

HC2H3O2: The oxyanion is acetate, which ends in -ate; therefore, the name of the acid is acetic acid.

The base name of Cl is chlor, so the name is hydrochloric acid.

HC1O2: The oxyanion is chlorite, which ends in -ite; therefore, the name of the acid is chlorous acid.

H2SO4: The oxyanion is sulfate, which ends in -ate; therefore, the name of the acid is sulfuric acid,

(d) HNO2: The oxyanion is nitrite, which ends in -ite; therefore, the name of the acid is nitrous acid.

(a) hydrofluoric acid: HF

(b) hydrobromic acid: HBr

(c) sulfurous acid: H2SO3

H3P04

HCN

HC102

(c)

(d)

(a) HC1:

(b)

(c)

(a) phosphoric acid:

(b) hydrocyanic acid:

(c) chlorous acid:

Formula Mass and the Mole Concept for Compounds
\3.55\ To find the formula mass, we sum the atomic masses of each atom in the chemical formula.

^^ (a) N02

(b) C4H10

formula mass = 1 x (atomic mass N) + 2 x (atomic mass O)
= 1 x (14.01 amu) + 2 x (16.00 amu)
= 46.01 amu

formula mass = 4 x (atomic mass C) + 10 x (atomic mass H)
= 4 x (12.01 amu) + 10 x (1.008 amu)
= 58.12 amu

(c) C6Hi2C>6 formula mass = 6 x (atomic mass C) + 12 x (atomic mass H) + 6 x (atomic mass O)
= 6 x (12.01 amu) + 12 x (1.008 amu) + 6 x (16.00 amu)
= 180.16 amu
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(d) Cr(NO3)3 formula mass = 1 x (atomic mass Cr) + 3 x (atomic mass N) + 9 x (atomic mass O)
= 1 x (52.00 amu) + 3 x (14.01 amu) + 9 x (16.00 amu)
= 238.03 amu

To find the formula mass, we sum the atomic masses of each atom in the chemical formula.

(a) MgBr2 formula mass = 1 x (atomic mass Mg) + 2 x (atomic mass Br)
= 1 x (24.31 amu) + 2 x (79.90 amu)
= 184.11 amu

(b) HNO2 formula mass = 1 x (atomic mass H) + 1 x (atomic mass N) + 2 x (atomic mass O)
= 1 x (1.008 amu) + 1 x (14.01 amu) + 2 x (16.00 amu)
= 47.02 amu

(c) CBr4 formula mass = 1 x (atomic mass C) + 4 x (atomic mass Br)
= 1 x (12.01 amu) + 4 x (79.90 amu)
= 331.61 amu

(d) Ca(NO3)2 formula mass = 1 x (atomic mass Ca) + 2 x (atomic mass N) + 6 x (atomic mass O)
= 1 x (40.08 amu) + 2 x (14.01 amu) + 6 x (16.00 amu)
= 164.10 amu

(a) Given: 25.5 g NO2 Find: number of moles
Conceptual Plan: g NO2 — * mole NO2

1 mol
46.01 gNO2

1 mol NO2
Solution: 25 .5 g~N02 x - -~ = 0 .554 mol NO246.01
Check: The units of the answer (mole NO2) are correct. The magnitude is appropriate because it is
less than 1 mole of NO2.

(b) Given: 1.25 kg CO2 Find: number of moles
Conceptual Plan: kg CO2 -> g CO2 -* mole CO2

1000 8 C02 lmoi
kgCO2 44.01gNO2

1000 g~€02 i mol CO2
Solution: 1 .25 Kg^O, x - - x = 28.4 mol CO2

Check: The units of the answer (mole CO2) are correct. The magnitude is appropriate because there
is over a kg of CO2 present.

(c) Given: 38.2 g KNO3 Find: number of moles
Conceptual Plan: g KNO3 -» mole KNO3

1 mol _
lOl.llgKNOj

1 mol KNO3
Solution: 38 .2 g-KNO, x - * = 0 .378 mol KNO3101.11
Check: The units of the answer (mole KNO3) are correct. The magnitude is appropriate because there
is less than 1 mole of KNO3.

(d) Given: 155.2 kg Na2SC>4 Find: number of moles
Conceptual Plan: kg Na2SO4 — » g Na2SO4 -» mole Na2SO4

10QOgNa2S04 imo)

kg Na2SO4 142 .05 g Na2SO4

1 mol Na2SO4
Solution: 155.2 Icg^SO, x x = 1092 mol Na2SO4

Check: The units of the answer (mole Na2SO4) are correct. The magnitude is appropriate because
there is over 100 kg of Na2SO4 present.

(a) Given: 55.98 g CF2C12 Find: number of moles
Conceptual Plan: g CF2C12 -» mole CF2C12

1 mol
120.91gCF2a2
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1 mol CF2C12
Solution: 55 .98 g^CF^ x — — - ^,1, = 0 .46298 mol CF2C12 = 0 .4630 mol CF2C12

12U.91
Check: The units of the answer (mole CF2C12) are correct. The magnitude is appropriate because it is
less than 1 mole of CF2C12.

(b) Given: 23.6 kg Fe(NC>3)2 Find: number of moles
Conceptual Plan: kg Fe(NO3)2 -> g Fe(NO3)2 -»• mole Fe(NO3)2

10QOgFe(N03)2 i moi
kg Fe(N03)2 179 .87 gFe(NO3)2

i mol Fe(NO3)2
SoluHon: 23.6 l^FetNO^ x x = ™ ""*

Check: The units of the answer (mole Fe(NO3)2) are correct. The magnitude is appropriate because
there is over a kg of Fe(NO3)2 present.

(c) Given: 0.1187g C8H18 Find: number of moles
Conceptual Plan: g C8H18 — » mole C8H18

1 mol
114.22gC8H,8

1 mol C8Hia
Solution; 0. 1187 g€8Htt»x- ,, J1J - = 1 .039 x HT3 mol C8H18,

114.
Check: The units of the answer (mole C8Hi8) are correct. The magnitude is appropriate because it is
much less than 1 mole of C8Hj8.

(d) Given: 195 kg CaO Find: number of moles
Conceptual Plan: kg CaO -» g CaO -» mole CaO

IQOOgCaO Imol
kg CaO 56 . 08 g CaO

1000 g-€aO i mol CaO
Solution: 195 k-€aQ x . x = 3477 mol CaO = 3.48 x 103 mol CaO

Check: The units of the answer (mole CaO) are correct. The magnitude is appropriate because there
is over a kg of CaO present.

(a) Given: 6.5 g H2O Find: number of molecules
Conceptual Plan: g H2O — > mole H2O -* number H2O molecules

j mol 6 .022 x 1023 H2O molecules

18.02gH2O molH2O

nrror-H^Q 6 .022 x 10 2
Solution: 6.5 g^Q x x - -2.2, 1023 H2O molecules

6 .022 x 1023 H2O molecules

Check: The units of the answer (H2O molecules) are correct. The magnitude is appropriate: it is
smaller than Avogadro's number, as expected, since we have less than 1 mole of H2O.

(b) Given: 389 g CBr4 Find: number of molecules
Conceptual Plan: g CBr4 — * mole CBr4 — » number CBr4 molecules

mol 6 .022 x 1023 CBr4 molecules
331.6 g CBr4 mol CBr4

1 mTfr€&4 6.022 x 1023 CBr4 molecules
Solution: 389 rGBr* x - _„ x - - = 7.06 x 1023 CBr4 molecules

331.6 gtrtej

Check: The units of the answer (CBr4 molecules) are correct. The magnitude is appropriate: it is larger
than Avogadro's number, as expected, since we have more than 1 mole of CBr4.

(c) Given: 22.1 g O2 Find: number of molecules
Conceptual Plan: g O2 —» mole O2 —» number O2 molecules

1 mol 6.022 x 1023 O2 molecules
32.00gO2 molC^

1 nTDf€>2 6 .022 x 1023 O2 molecules
Solution: 22.1 ̂  x x - - - - - 4.16 x 1023 O2 molecules

Check: The units of the answer (O2 molecules) are correct. The magnitude is appropriate: it is smaller
than Avogadro's number, as expected, since we have less than 1 mole of O2.
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(d) Given: 19.3 g C8H10 Find: number of molecules
Conceptual Plan: g C8H10 —> mole C8H10 —> number C8H10 molecules

Imol 6.022 xl023C8H10 molecules
106.16gC8Hi0

Solution:
1 rnortTTi^bfi 6.022 x 10 L-«iiin muit-iuu^d ^^

19.3r€gHiflX _ T T x- - = 1.09 xl023C8Hi0 molecules

Check: The units of the answer (C8Hio molecules) are correct. The magnitude is appropriate: it is
smaller than Avogadro's number, as expected, since we have less than 1 mole of CgHig.

(a) Given: 85.26 g CC14 Find: number of molecules
Conceptual Plan: g CC14 —> mole CC14 —>• number CC14 molecules

lmol 6.022 xlO^CC^ molecules
153.81 g CCU moTCCU

ITrroi-eGl* 6.022 xl023CC!4 molecules
Solution: 85.26 gtBG^ x — x —

= 3.3381 x 1023 CC14 molecules = 3.338 x 1023 CC14 molecules

Check: The units of the answer (CC14 molecules) are correct. The magnitude is appropriate: it is
smaller than Avogadro's number, as expected, since we have less than 1 mole of CC^.

(b) Given: 55.93 kg NaHCO3 Find: number of molecules
Conceptual Plan: kg NaHCO3 -» g NaHCO3 —> mole NaHCO3 -* number NaHCO3 molecules

1000g j mo, 6.022 x 1023 NaHCO3 molecules
kg 84.01gNaHCQj mol NaHCO3

Solution:
1000 gtsfaHGO, l motNaHGOg 6.022 x 1023 NaHCO3 molecules

Kg-NaHGO, 84.01

= 4.009 x 1026 NaHCO3 molecules

Check: The units of the answer (NaHCO3 molecules) are correct. The magnitude is appropriate: it is
more than Avogadro's number, as expected, since we have many moles of NaHCO3.

(c) Given: 119.78 g C4Hio Find: number of molecules
Conceptual Plan: g C4H10 —> mole C4H10 —* number C4H10 molecules

6.022 xlO^C.H^ molecules

58.12gC4Hi0 molC4Hio
Solution:

6.022 x 1023 C4H10 molecules 24
- = 1.241 x 10^4 C4H10 molecules

58.12]
Check: The units of the answer (C4H10 molecules) are correct. The magnitude is appropriate: it is
larger than Avogadro's number, as expected, since we have more than 1 mole of C4H]Q.

(d) Given: 4.59 x 105 g Na3PO4 Find: number of molecules
Conceptual Plan: g Na3PO4 —> mole Na3PO4 -» number Na3PO4 molecules

6.022 x 1023 Na3PO4 molecules
163.94gNa3PO4

1 motNaJPC^ 6.022 x 1023

Solution: 4.59 x 10b gl^jPOu x - - ̂  x
163.94 g-NasPQ* mol Na3PO4

= 1.686 x 1027 Na3PO4 molecules = 1.69 x 1027 Na3PO4 molecules

Check: The units of the answer (Na3PO4 molecules) are correct. The magnitude is appropriate: it is
larger than Avogadro's number, as expected, since we have more than 1 mole of Na3PO4.

(a) Given: 5.94 x 1020 SO3 molecules Find: mass in g
Conceptual Plan: number SO3 molecules -> mole SO3 —» g SO3

lmolSO3 80.07gSO3

6.022 x 1023 SQ, molecules l mo1 S°3
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IffrofSQg 80.07 gSO3
Solution: 5. 94 xlO^SOsTrroleetaesx- -x- - = 0.0790gSO3

6.022xl023S03Trrotee«ks 1 -

Check: The units of the answer (grams SO3) are correct. The magnitude is appropriate: there is less
than Avogadro's number of molecules so we have less than 1 mole of 803.

(b) Given: 2.8 x 1022 H2O molecules Find: mass in g
Conceptual Plan: number H2O molecules — > mole H2O — » g H2O

ImolHjO 18.02gH2O

6 .022 x 1023 H2O molecules ] mo1 HZ°

„ IrTTOi-HjQ 18.02 gH2O
Solution: 2. 8 x 1022 FliOrrroieewks x - -^— -x- - = 0.84 gH2O

6 .022 x 1023 H$Orrrolee«les 1 SToH-tp
Check: The units of the answer (grams H2O) are correct. The magnitude is appropriate: there is less
than Avogadro's number of molecules so we have less than 1 mole of H2O.

(c) Given: 1 CgH^Og molecule Find: mass in g
Conceptual Plan: number C6H12O6 molecules — » mole C6H12O6 —> g C6H12O6

1206 180.16 gC6H1206

6.022 x 1023 C6Hi2O6 molecules

Solution:
180.16gC6H1206

= 2.992xlO~22gC6Hi2O6
6 .022 x 1023 QMTzeg-meteeules 1 mol̂ ^Oe,

Check: The units of the answer (grams C6Hi2Og) are correct. The magnitude is appropriate: there is
much less than Avogadro's number of molecules so we have much less than 1 mole of C6H12O6.

(a) Given: 4.5 x 1025 O3 molecules Find: mass in g
Conceptual Plan: number O3 molecules — > mole O3 — > g O3

lmolO3 48.00gO3

6 .022 x 1 023 03 molecules l mo1 °3
InrotOg 48.00 gO3

Solution: 4. 5 x 1025 OTTnoteettles x - -x- - = 3.6xl03gO3
6 .022 x 1023 OTrroJeeales 1 nTol-Os6 .022 x 1023 OsTrroJeeales

Check: The units of the answer (grams O3) are correct. The magnitude is appropriate: there is more
than Avogadro's number of molecules so we have more than 1 mole of O3.

(b) Given: 9.85 x 1019 CC12F2 molecules Find: mass in g
Conceptual Plan: number CC12F2 molecules -» mole CC12F2 -» g CC12F2

Imol03 120.91 gCCl2F,•2*2
6 .022 x 1023 03 molecules 1 mol CCIF2

Solution:
120 .91 g cci2F2 2= 1 .98 x HT2 g CC12F2

6.022xl023CCl2F2-mele€«les 1 ffioteey&z

Check: The units of the answer (grams CC12F2) are correct. The magnitude is appropriate: there is less
than Avogadro's number of molecules so we have less than 1 mole of CC12F2.

(c) Given: 1 H2O molecule Find: mass in g
Conceptual Plan: number H2O molecules — * mole H2O — > g H2O

18.02gH2O

6. 022 x!023H20 molecules l mo1 H2°

IrfTol-HjQ 18.02gH20
Solution: 1 H5f>mete€ule x - -x~r^; 77T = 2.992 x 10-23gH2O

6 .022 x
Check: The units of the answer (grams H2O) are correct. The magnitude is appropriate: there is much
less than Avogadro's number of molecules so we have much less than 1 mole of H2O.



Chapter 3 Molecules, Compounds, and Chemical Equations

\ 3.63 7 Given: 1.8 x 1017 C12H22On molecule Find: mass in mg
Conceptual Plan: number C12H22O11 molecules — » mole C12H22O]1 — * g C^H^O^ — » mg C12H22On

lmolCi2H22°n 342.3gC12H22On I

6.022 x llf' C|2H220,i molecules l '""' ci->H2?oi]

Solution:

mi7r* -^— i z T t t 342 .3 g^ttf^ 1 x 1
1.8 X 10 C7^H22©rrt«©feeuies x — — ~ — — x— — — x —

6.022 x 1023 Cl2tf22enTtte}ee«les 1 fnc^enHzjOH 1

-- 0.10mgC12H220n

Check: The units of the answer (milligrams C^H^Ou) are correct. The magnitude is appropriate: there is
much less than Avogadro's number of molecules so we have much less than 1 mole

3.64 Given: 0.12 mg NaCl Find: number of formula units
Conceptual Plan: mg NaCl — » g NaCl — > mole NaCl — > number of formula units NaCl

1 § NaC1 J_nu)l NaCl 6.022x K)'-'1 N.iCI formula units
lxl03mgNaCl 58.44 g NaCl ImolNaCl

Solution:
1 g-NaGl l mor-NaCl 6 .022 x 1023 formula units NaCl

0.12fflg-NaClx- -x— - r^x- ^TT^T ' = 1 -2 x 1018 formula units NaCl
1 x 103 rrlg-NaCl 58.44 g-NaO 1 ffiOr-NaCl

Check: The units of the answer (formula units NaCl) are correct. The magnitude is appropriate: there is less
than 1 mole of NaCl so we have less than Avogadro's number of formula units.

Composition of Compounds

I 3.65 I (a) Given: CH4 Find: mass percent C
\ / 1 x molar mass C
V.X Conceptual Plan: mass %C = - -xlOO

molar mass CrLj
Solution:

I x molar mass C = l(12.01g/mol) = 12.01 gC
molar mass CH4 = 1(12.01 g/mol) + 4(1 .008 g/mol) = 16.04 g/mol

1 x molar mass C
mass%C = - -xlOO%

molar mass CH4

xlOO%
16. 04 g/mol

= 74.87%
Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0
and 100% and carbon is the heaviest element.

(b) Given: C2H6 Find: mass percent C
2 x molar mass C

Conceptual Plan: mass %C = - _ T T x 100
molar mass C2Hg

Solution:
2 x molar mass C = 2(12.01g/mol) = 24.02 gC
molar mass C2H6 = 2(12.01 g/mol) + 6(1.008 g/mol) = 30.07 g/mol

2 x molar mass C
mass%C = - x 100%

molar mass C2H6
24. 02 g/mol

= 79.89%
Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0
and 100% and carbon is the heaviest element.

(c) Given: C2H2 Find: mass percent C
2 x molar mass C

Conceptual Plan: mass %C = - _ „ x 100
molar mass C2H2
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Solution:
2 x molar mass C = 2(12.01g/mol) = 24.02gC
molar mass C2H2 = 2(12.01 g/mol) + 2(1.008 g/mol) == 26.04 g/mol

2 x molar mass C
mass%C = - -xlOO%

molar mass C2H2

24.02g/mel

26.
= 92.26%

Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0
and 100% and carbon is the heaviest element.

(d) Given: C2HsCl Find: mass percent C
2 x molar mass C

Conceptual Plan: mass %C = - - x 100
molar mass C2HsCl

Solution:
2 x molar mass C = 2(12.01g/mol) = 24.02 gC
molar mass C2H5C1 = 2(12.01 g/mol) + 5(1.008 g/mol) + 1(35.45 g/mol) = 64.51 g/mol

2 x molar mass C
mass%C = - x 100%

molar mass C2H5C1
24.02g/mel

= ... C1° -rxlOO%
64.51 g/mol

= 37.23%
Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0
and 100% and chlorine is heavier than carbon.

(a) Given: N2O Find: mass percent N
2 x molar mass N

Conceptual Plan: mass %N = - -xlOO
molar mass N2O

Solution:
2 x molar mass N = 2(14.01g/mol) = 28.02 gN
molar mass N2O = 2(14.01 g/mol) + (16.00 g/mol) = 44.02 g/mol

2 x molar mass N
mass%N = - -xlOO%

molar mass IS^O
28.02g/mel

44.02
= 63.65%

Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0
and 100% and there are 2 nitrogens per molecule.

(b) Given: NO Find: mass percent N
1 x molar mass N

Conceptual Plan: mass %N = - - x 100
molar mass NO

Solution:
I x molar mass N = l(14.01g/mol) = 14.01 gN
molar mass NO == (14.01 g/mol) + (16. 00 g/mol) == 30 .01 g/mol

1 x molar mass N
mass%N = - -xlOO%

molar mass NO
14.01g/mel

= 46.68%
Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0
and 100% and the mass of nitrogen is less than the mass of oxygen.

(c) Given: NO2 Find: mass percent N
1 x molar mass N

Conceptual Plan: mass %N = - — — x 100
molar mass NO2
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Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0 and
100% and iron provides most of the formula mass.

Given: FeCO3 Find: mass percent Fe
1 x molar mass Fe

Conceptual Plan: mass %Fe = - — x 100
molar mass FeCO3

Solution:
1 x molar mass Fe = (55.85 g/mol) = 55.85gFe
molar mass FeCO3 = 1(55.85 g/mol) + 1(12.01 g/mol) + 3(16.00 g/mol) = 115.86 g/mol

1 x molar mass Fe
mass % Fe =

molar mass

x 100%
115.86g/mel

= 48.20%
Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between 0 and
100% and iron provides slightly less than half of the formula mass.

The ore with the highest iron content is Fe^O^ with an Fe content of 72.37% Fe.

Given: 55.5 g CuF2: 37.42 % F Find: g F in CuF2

Conceptual Plan: g CuF2 — * g F
37.42gF

100 .0 g CuF2

Solution: 55 .5 g~€^E2 x ! = 20.77 == 20.8gF

Check: The units of the answer (g F) are correct. The magnitude is reasonable because it is less than the
original mass.

3.70 Given: 155 mg Ag; 75.27 % Ag in AgCl Find: mg AgCl
Conceptual Plan: mg Ag — * g Ag — > g AgCl — » mg AgCl

IgAg IQO.OgAgCl 1000 mg AgCl
1000 mgAg 75.27gAg IgAgCl "

1 g~Ae 100 .0 g-Agd 1000 mg AgCl
Solution: 1 5 5 m ^ x x x - = 2 0 6 m g AgCl

Check: The units of the answer (g AgCl) are correct. The magnitude is reasonable because it is greater than
the original mass.

3.71 Given: 150 fig I; 76.45% I in KI Find: fig KI
Conceptual Plan: /xg I — * g I — » g KI -> /ig KI

Ig l IQO.OgKI 1 x 106 ng KI
~

Solution: 150 j*g4x- -x „ , rx - r^T " = 196 ^gKI
Ixl06/Zg4 76 .45 £4 1 g~KI

Check: The units of the answer (/j,g KI) are correct. The magnitude is reasonable because it is greater than
the original mass.

3.72 Given: 3.0 mg F; 45.24 % F in NaF Find: mg NaF
Conceptual Plan: mg F — » g F — » g NaF — > mg NaF

I g F 100 .Og NaF 1000 mg NaF
1000 mg F " 45 .24 g F IgNaF

1 gHE 100 .0 g-NaF 1000 mg NaF
Solution: 3.0 rrrg^ x x - x

Check: The units of the answer (mg NaF) are correct. The magnitude is reasonable because it is greater than
the original mass.
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3.78 (a)

(b)

(c)

(d)

Given: 25 kg CF2C12 Find: kg Cl
Conceptual Plan: kg CF2C12 -» g CF2C12 -» mole CF2C12 -* mol Cl -> g Cl -> kg Cl

lmolCF2Cl2 2molCl 35.45gCl IkgCl
ImolCllkgCF2Cl2 120.91gCF2Cl2

Solution:

1 mol CF2C12

2rrrota
1000 gCl

35.45g-€l IkgCl
120.91 g-eF^a;, ImotQ^Ci, 1 rrTota

= ISkgCl

Check: The units of the answer (kg Cl) are correct. The magnitude is reasonable because it is less than
the original kg CF2C12.

Given: 25 kg CFC13 Find: kg Cl
Conceptual Plan: kg CFC13 -» g CFC13 -» mole CFC13 -* mol Cl -» g Cl -> kg Cl

1000gCFCl3 lmolCFCl3 3moiq 35.45gCI IkgCl
lkgCFC!3 137.4gCFCl3 1 mol CFC13 ImolCl lOOOgCl

SBtotCl 35.45gCl IkgCl
Solution: 25 kg CF€^ x - - _ „ _ „ - ,,„ . _,—,-, -1 t^n^i - 1 j ^ --,,1 Kg-€F€l3 137.4 gtrFt-lg 1 morCFGlg 1 Siotd lOOOgGl

= 19kgCl
Check: The units of the answer (kg Cl) are correct. The magnitude is reasonable because it is less than
the original kg CF2C12.

Given: 25 kg C2F3C13 Find: kg Cl
Conceptual Plan: kg C2F3C13 -» g C2F3C13 -» mole C2F3C13 -> mol Cl -> g Cl —>• kg Cl

1000gC2F3Cl3 ImolC^q, 3moici 35.45gCl IkgCl
lkgC2F3C!3

Solution: 25

187.4gC2F3C)3

1

lmolC2F3Cl3 ImolCl

3 Biota

1000 g Cl

35.45g~€4 IkgCl
x — — x-

187.4 g-e^Og lmot€2F3C49 1 Biota 1000 gQ
= 14kgCl

Check: The units of the answer (kg Cl) are correct. The magnitude is reasonable because it is less than
the original kg C2F3C13.

Given: 25 kg CF3C1 Find: kg Cl
Conceptual Plan: kg CF3C1 -» g CF3C1 -» mole CF3C1 -> mol Cl -> g Cl -> kg Cl

ImolO 35.45gCl IkgCl1000gCF3Cl
1 kg CF3C1 104.46gCF3Cl

1000 g êFsCi
1 mol CF3C1

35.45gCl
1 mol Cl 1000 g Cl

35.45g-Cl 1%-Cl

1000 g^l
= 8.5kgCl

Check: The units of the answer (kg Cl) are correct. The magnitude is reasonable because it is less than
the original kg CF3C1.

ical Formulas from Experimental Data

(a) Given: 1.651 g Ag; 0.1224 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element —> write pseudoformula —* write empirical formula

1 mol Ag
107.9gAg

1 mol Ag
Solution: 1.651 g~Ag x —

16.00gO

= 0.01530 mol Ag

0.1224gOxi
1™l°^ = 0.007650 mol O

16.UU g~W

AgO.01530 O0.007650

Ag 0.01530 O 0.007650 —* Ag2O
0.007650 0.007650

The correct empirical formula is Ag2O.

divide by smallest number
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(b) Given: 0.672 g Co; 0.569 g As; 0.486 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — * write pseudoformula — » write empirical formula

1 mol Co 1 mol As ImolO
58 . 93 g Co 74 . 92 g As 16.00 gO divide by smallest number

Solution: 0. 672 g~€ex J^^^J? = 0.0114 mol Co

= °-00759mol°

= °-0304mol°

C°0.0114 Asq.00759
CO 0.0114 AS 0.00759 O 0.0304

0.00759 0.00759 0.00759

Co1.5As1O4x2 -> Co3As2O8

The correct empirical formula is Co3As2O8.

(c) Given: 1.443 g Se; 5.841 g Br Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — > write pseudoformula — » write empirical formula

1 mol Se 1 mol Br
78.96gSe 79.90gBr" divide by smallest number

Solution:!. 443 -Sex-- - = 0.01828 mol Se

5-841 fex = 0.07310 mol Br

Seo.01828Bro.07310
Se o.oi82sBr O.Q7310 —

0.01828 0.01828

The correct empirical formula is SeBr4.

(a) Given: 1.245 g Ni; 5.381 g I Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — * write pseudoformula — > write empirical formula

1 mol Ni 1 moll
58.69gNi 126 .9 g I dlvlde b? smallest number

*Solution: 1 .245 g~Ni x ; = 0.02121 mol Ni
58 .69 grMi

« 0.04240 mol I

Nio.02121 Io.04240
NJ 0.02121 1 0.04240 — * NiI2

0.02121 0.02121

The correct empirical formula is Nil2.

(b) Given: 2.677 g Ba; 3.115 g Br Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — * write pseudoformula — * write empirical formula

1 mol Ba 1 mol Br
T37.3gBa 79.90gBr divide by smallest number

Solution: 2. 677 g - B a x - - = 0.01950 mol Ba
137.3 ft~t*3-

= °-03899molBr

Bao.oigso
Ba Q.01950 B

0.01950

The correct empirical formula is BaBr2.

Ba Q.01950 Br Q.03899 — » BaBr2
0.01950 0.01950
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(c) Given: 2.128 g Be; 7.557 g S; 15.107 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — * write pseudoformula — * write empirical formula

1 mol Be 1 molS 1 molO
9. 012 g Be 32.07gS 16.00gO divide by smallest number

Solution: 2. 128-gHBex-! - = 0.2361 mol Be
-'.LJJ.JU ti i?€

"" °-2356mols

G

Be 0.2361 So.2356O 0.9442
Be 0.2361 S 0.2356 Q 0.9442 — > BeSOi

0.2356 0.2356 0.2356

The correct empirical formula is BeSC .̂

(a) Given: In a 100 g sample: 74.03 g C, 8.70 g H, 17.27 g N Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — * write pseudoformula — * write empirical formula

ImolC I mol l_{_ ImolN
12.01gC l.OOSgH 14.01gN d.vide by smallest number

Solution: 74. 03 g~€x — m° = 6. 164 mol C

- 8-63molH

Q.164H8.63N: 233
C<UMHl*3.NL233 -» C5H7N

1.233 1.233 1.233

The correct empirical formula is CsH/N.

(b) Given: In a 100 g sample: 49.48 g C, 5.19 g H, 28.85 g N, 16.48 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — » write pseudoformula — » write empirical formula

1 mol C ImolH ImolN ImolO
12.01 gC l.OOSgH 14.01gN 16.00gO divide by smallest number

Solution: 49. 48 ̂ €x~ == 4.120 mol C

5.19g-Hx lm°1H = 5.15molH
1 .008 g-H

= 2-059molN

C4.120 HS.IS N2.059 Ol.030
C4.120 H5.15 N2.059 Oi03« ~ * C4H5N2O

1.030 1.030 1.030 1.030

The correct empirical formula is C4H5N2O.

(a) Given: In a 100 g sample: 58.80 g C, 9.87 g H, 31.33 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — » write pseudoformula — » write empirical formula

1 mol C 1 molH ImolO
12.01 gC l .OOSgH 16.00gO div.de by smallest number
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Solution: 58. 80 ^ x — — == 4.896molC

' 1-958mol°
C4.896 Hg 79 Oj 953

Ci89i>H.9^9. O.L958
1.958 1.958 1.958

C2.5H5Ox2 =
The correct empirical formula is

(b) Given: In a 100 g sample: 63.15 g C, 5.30 g H, 31.55 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — > write pseudoformula — > write empirical formula

1 mol C 1 mol H ImolO
12.01gC 1 .008 g H 16.00gO divide by smallest number

Solution: 63 .15 g-€ x — °?° = 5. 258 mol C

' "6molH

= 1-972mol°
Cs.258H5.26Oj. 972

C5.258H SM_ Ol.972 — •
1.972 1.972 1.972

The correct empirical formula is

Given: In a 100 g sample: 75.69 g C, 8.80 g H, 15.51 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — » write pseudoformula — > write empirical formula

1 mol C 1 mol H 1 mol O
12.01gC rooliT? 16.00gO d.vide by smallest number

Solution: 75.69 g~C x \™°l ̂  = 6. 302 mol C
12.01 g~t>

= 873molH

= 0.9694 mol O

C6.302Hs.73Oo.9694
C 6.302 H 8.73 Qp.9694 — » C^ SflHg QlO

0.9694 0.9694 0.9694

C6.5oH9.oiO x 2 = C13H1802

The correct empirical formula is C13Hj8O2.

3.84 Given: In a 100 g sample: 40.92 g C, 4.58 g H, 54.50 g O Find: empirical formula
Conceptual Plan:
convert mass to mol of each element — •* write pseudoformula — » write empirical formula

roWFi 1W) dividebysmallestnumber

Solution: 40. 92 ~ C x — r = 3. 407 mol C

= 4J4molH

' 3-406mo)0

3 406
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Solution:
1 mol CO2

== 0.3199 mol C02

= 0.2397molH20

1 I f^

0.3199frT0r-€O2X - ^- = 0.3199 mol C

0.

12.01gC
0.3199BtDl-C-x - -r^r = 3.842 gC

x^^r = 0.4795 mol H

l.OOSgH
0.4795frToHix - - = 0.4833 gH

1 frrol-tl
12.01 g - 3.842 g - 0.4833 g = 7.68 gO

= 0.480 mol O
16.00g~Q

Co.3199Ho.4795Oo.480

Co.3199Ho.4795O 0.480 —> CHj sOj 5
0.3199 0.3199 0.3199

CHL.A.5X2 = C2H3O3

The correct empirical formula is

ing and Balancing Chemical Equations

Conceptual Plan: write a skeletal reaction —* balance atoms in more complex compounds
elements that occur as free elements —* clear fractions

balance

Solution:

Check:

Skeletal reaction:
Balance O:
Clear fraction:

» H2S04(a<7)
2H2S04(aq)

S02(g) + 02(g) + H20(/) -
S02(g) + l/202(g) + H20(/)
2S02(#) + 02(g) + 2H20(/)
left side right side
2 S atoms 2 S atoms
8 O atoms 8 O atoms
4 H atoms 4 H atoms

Conceptual Plan: write a skeletal reaction —* balance atoms in more complex compounds
elements that occur as free elements —» clear fractions

balance

Solution: Skeletal reaction:
Balance H:
Balance N:
Balance O:
Clear fraction:

Check:

NO2(g) + O2(g) + H2O(/) -» HNO3(<j<j)
N02(#) + Qzfe) + H20(/) — 2HN03(a<?)
2N02(£) + Oz(g) + H20(/) -* 2HN03(fl(?)
2N02(g) + 1/202(£) + H20(l) -* 2HN03(fl1?)
4NO2(g) + O2(g) + 2H2O(/) -* 4HNO3(aq)
left side right side
4 N atoms 4 N atoms
12 O atoms
4 H atoms

12 O atoms
4 H atoms

Conceptual Plan: write a skeletal reaction — * balance atoms in more complex compounds
elements that occur as free elements — * clear fractions
Solution: Skeletal reaction: Na(s) + H2O(/) -* H2(g) + NaOH(aq)

Balance H: Na(s) + H2O(I) -» l/2H2(g) + NaOH(a(?)
Clear fraction: 2Na(s) + 2H2O(/) -* H2(g) + 2NaOH(aq)

balance
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Check:

3.98

3.99

left side
2 Na atoms
4 H atoms
2 O atoms

right side
2 Na atoms
4 H atoms
2 O atoms

[ 3.97 y>

Conceptual Plan: write a skeletal reaction —» balance atoms in more complex compounds
elements that occur as free elements —» clear fractions
Solution: Skeletal reaction: Fe(s) + O2(g) —» Fe2O3(s)

Balance O: Fe(s) + 3O2(g) -* 2Fe2O3(s)
Balance Fe: 4Fe(s) + 3O2(g) -> 2Fe2O3(s)

Check: left side right side
4 Fe atoms 4 Fe atoms
6 O atoms 6 O atoms

balance

Conceptual Plan: write a skeletal reaction —* balance atoms in more complex compounds
elements that occur as free elements —* clear fractions
Solution: Skeletal reaction: CuH22On(aq) + H2O(/) -» C2H5OH(^) + CO2(g)

Balance H: C12H22On(fl^) + H2O(/) -» 4C2H5OH(^) + CO2(g)
Balance C: Ci2H22O11(fl^) + H2O(/) -> 4C2H5OH(a^) + 4CO2(g)

Check: left side right side
12 C atoms 12 C atoms
24 H atoms 24 H atoms
12 O atoms 12 O atoms

Conceptual Plan: write a skeletal reaction —» balance atoms in more complex compounds
elements that occur as free elements —* clear fractions
Solution: Skeletal reaction: CO2(g) + H2O(/) -» C6H12O6(a<j) + O2(g)

Balance C: 6CO2(g) + H2O(/) -» CgM^D^) + O2(s)
Balance H: 6CO2(^) + 6H2O(/) -» C6H12O6H) + O2(g)
Balance O: 6CO2(^) + 6H2O(/) -» C6H12O6(fl^) + 6O2(g)

Check: left side right side
6 C atoms 6 C atoms
18 O atoms 18 O atoms
12 H atoms 12 H atoms

balance

balance

(a) Conceptual Plan: write a skeletal reaction —» balance atoms in more complex compounds
elements that occur as free elements —* clear fractions

balance

Solution: Skeletal reaction:
Balance Br:

PbS(s) + HBr(a<7) -> PbBr2(s)
PbS(s) + 2HBr(a</) -» PbBr2(s) + H2S(g)

Check: left side right side
1 Pb atom 1 Pb atom
1 S atom 1 S atom
2 H atoms 2 H atoms
2 Br atoms 2 Br atoms

(b) Conceptual Plan: write a skeletal reaction —» balance atoms in more complex compounds —» balance
elements that occur as free elements
Solution: Skeletal reaction:

Balance H:
Check:

clear fractions

C0(g) +
left side
1 C atom
1 O atom
6 H atoms

» CH4(£) + H20(/)
- CH4(g) + H20(/)
right side
1 C atom
1 O atom
6 H atoms
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Check: left side
4 N atoms
6 H atoms

""*' I 10 O atoms

right side
4 N atoms
6 H atoms
10 O atoms

(a) Conceptual Plan: balance atoms in more complex compounds —» balance elements that occur as
free elements —» clear fractions
Solution: Skeletal reaction:

Balance C:
Check:

C02(g) + CaSi03(s) + H20(/) -
2C02(g) + CaSi03(s) + H20(/)
left side
2 C atoms
8 O atoms
1 Ca atom
1 Si atom
2 H atoms

right side
2 C atoms
8 O atoms
1 Ca atom
1 Si atom
2 H atoms

SiO2(s) + Ca(HCO3)2(fl1?)
* SiO2(s) + Ca(HCO3)2(fl<7)

(b) Conceptual Plan: balance atoms in more complex compounds —* balance elements that occur as
free elements —>• clear fractions
Solution: Skeletal reaction:

Balance S:
Balance Co:
Balance N:

Check:

Co(N03)3H) +
2Co(N03)3H)
2Co(N03)3H)
left side
2 Co atoms
12 N atoms
18 O atoms
24 H atoms
3 S atoms

(NH4)2S(fl(?)
3(NH4)2S(fl<7)

+ 3(NH4)2S(acj
+ 3(NH4)2S(a<j
right side
2 Co atoms
12 N atoms
18 O atoms
24 H atoms
3 S atoms

-» Co2S3(s) + 1
- Co2S3(s) +

r) -* Co2S3(s)
-) - Co2S3(s)

MH4NO3(fl(?)
NH4NO3(fl<7)

+ 6NH4NO3(fl(?)

(c) Conceptual Plan: balance atoms in more complex compounds —» balance elements that occur as
free elements —» clear fractions
Solution: Skeletal reaction:

Balance Cu:
Check:

Cu2O(s) + C(s)
Cu2O(s) + C(s)
left side
2 Cu atoms
1 O atom
1 C atom

-* Cu(s) + C0(g)
-» 2Cu(s) + COfe)
right side
2 Cu atoms
1 O atom
1 C atom

(d) Conceptual Plan: balance atoms in more complex compounds —> balance elements that occur as
free elements —* clear fractions
Solution: Skeletal reaction:

Balance Cl:
Check:

HClfc)

left side
2 H atoms
2 Cl atoms

right side
2 H atoms
2 Cl atoms

3.102 (a) Conceptual Plan: balance atoms in more complex compounds —> balance elements that occur as
free elements —> clear fractions
Solution: Skeletal reaction:

Balance Na:
Check:

Na2S(fl<j) + Cu(N03)2(fl<?)
Na2S(aq) + Cu(NO3)2(fl<7)

CuS(s)
+ CuS(s)

left side
2 Na atoms
1 S atom
1 Cu atom
2 N atoms
6 O atoms

right side
2 Na atoms
1 S atom
1 Cu atom
2 N atoms
6 O atoms
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