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(d)

(e)

aldehyde: 0

ketone: o

(f)  ester: o
I
(g) amines: RNH;
Problems by Topic

Chemical Formulas and Molecular View of the Elements

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

(a)
(b)
(©)
(d)

Mg3(POy); contains: 3 magnesium atoms, 2 phosphorus atoms, and 8 oxygen atoms

BaCl, contains: 1 barium atom and 2 chlorine atoms
Fe(NO,); contains: 1 iron atom, 2 nitrogen atoms, and 4 oxygen atoms

Ca(OH); 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)
(b)
(c)
(d)
o)
(b)
(©)
(b)
=/

(©)
(a)

(b)
(©)
(d)

Ca(NOy); contains: 1 calcium atom, 2 nitrogen atoms, and 4 oxygen atoms

CuSOy4 contains: 1 copper atom, 1 sulfur atom, and 4 oxygen atoms
Al(NO3)3 contains: 1 aluminum atom, 3 nitrogen atoms, and 9 oxygen atoms

Mg(HCOs3), contains: 1 magnesium atom, 2 hydrogen atoms, 2 carbon atoms, and 6 oxygen atoms
1 blue = nitrogen, 3 white = hydrogen: NHj

2 black = carbon, 6 white = hydrogen: C,Hjg

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

1 blue = nitrogen, 2 red = oxygen: NO,

1 yellow — green = sulfur, 2 white = hydrogen: SH,

1 black = carbon, 4 white = hydrogen: CHy

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

Fluorine is one of the elements that exist as diatomic molecules, therefore it is a molecular element.
Potassium is not one of the elements that exist as diatomic molecules, therefore it is an atomic element.

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

(b)
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(d)

(a)
(b)
(c)
(d)
(a)

(b)
(e)
(d)
(a)
(b)

(c)
(a)

(b)
(©)

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

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

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.

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

CO; is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.
NiCl; is a compound composed of a metal and a nonmetal, therefore it is an ionic compound.
Nal is a compound composed of a metal and a nonmetal, therefore it is an ionic compound.

PCly is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.

CF,Cl, is a compound composed of a nonmetal and 2 other nonmetals, therefore it is a molecular
compound.

CCly is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.
PtO; is a compound composed of a metal and a nonmetal, therefore it is an ionic compound.

S0Oj; is a compound composed of a nonmetal and a nonmetal, therefore it is a molecular compound.

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

blue — nitrogen, white — hydrogen: a molecule composed of a nonmetal and a nonmetal, therefore it
is a molecular compound.

purple — sodium: a substance composed of all the same atoms, therefore it is an atomic element.

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

green — chlorine: a molecule composed of two of the same element, therefore it is a molecular element.

red — oxygen, black — carbon, white — hydrogen: a molecule composed of nonmetals, therefore it is a
molecular compound.

ormulas and Names for Ionic Compounds

0
32
b
F
/
3.34

\J

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)
(b)
(c)
(d)

calcium and oxygen: Ca* o= CaO cations 2+, anions 2—

zinc and sulfur: Zn** s* ZnS cations 2+, anions 2—

rubidium and bromine: Rb* Br~ RbBr cation +, anions —

aluminum and oxygen: APH o Al,O5 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: Ag* CI”  AgCl  cation +, anions —

(b)  sodium and sulfur: Na* g NayS cation 2(1+) = 2+, anion 2—

(c) aluminum and sulfur: AP G~ Al;S3 cation 2(3+) = 6+, anions 3(2-) = 6—
(d) potassium and chlorine: K* cr KClI 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: Ca®*

(a)  hydroxide: OH" Ca(OH), cation 2+, anion 2(1-) = 2-

(b) chromate: CrO# CaCrOy cation 2+, anion 2-

() phosphate: PO Cay(POy),  cation 3(2+) = 6+, anion 2(3-) = 6—

(d)  cyanide:

CN~- Ca(CN), 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: COs*" Ky;CO;4 cation 2(1+) = 2+, anion 2-
(b)  phosphate: POS K5PO, cation 3(1+) = 3+, anion 3-
(c)  hydrogen phosphate: HPO,> K>HPO, cation 2(1+) = 2+, anion 2—

(d) acetate:

CzHgOZ_ KC;H;;OE cation 1+, anion 1-

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

(a)  MgsNy:

(b) KF:
(€0 NaO:
d) LiS:
(e) CsF
() Kk
(8) SrCly:
(h) BaCly:

The cation is magnesium; the anion is from nitrogen, which becomes nitride: magnesium
nitride.

The cation is potassium; the anion is from fluorine, which becomes fluoride: potassium fluoride.
The cation is sodium; the anion is from oxygen, which becomes oxide: sodium oxide.

The cation is lithium; the anion is from sulfur, which becomes sulfide: lithium sulfide.

The cation is cesium; the anion is fluorine, which becomes fluoride: cesium fluoride.

The cation is potassium; the anion is iodine, which becomes iodide: potassium iodide.

The cation is strontium; the anion is chlorine, which becomes chloride: strontium chloride.

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) SnCly:

(b) Pbly:

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.

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(Il) iodide.
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(¢)  FeyOs: The charge on Fe must be 3+ for the compound to be charge neutral: The cation is iron(III);
the anion is from oxygen, which becomes oxide: iron(IIl) oxide.

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

(e)  SnO;:  The charge on Sn must be 4+ for the compound to be charge neutral: The cation is tin(IV);
the anion is from oxygen, which becomes oxide: tin(IV) oxide.

(f) HgBry:  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(Il) bromide.

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

(h) CrCly:  The charge on Cr must be 3+ for the compound to be charge neutral: The cation is chromi-
um(I1I); the anion is from chlorine, which becomes chloride: chromium(I1I) chloride.

3.39 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(II); the anion is from oxygen, which becomes oxide: tin(Il) oxide.

(b) CrSy: 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(IIT); the anion is from sulfur, which becomes sulfide:
chromium(I1I) sulfide.

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

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

3.40 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) FeCly: 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(Ill); the anion is from chlorine, which becomes chloride:
iron(I1I) chloride.

(c) Pbly 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) SrBry:  Sris invariant: The cation is strontium; the anion is from bromine, which becomes bromide:
strontium bromide.

A1 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.

(@) CuNOy:

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(l); the anion is nitrite: copper(I) nitrite.

(b) Mg(CoH30,),: Mg is invariant: The cation is magnesium; the anion is acetate: magnesium acetate.

(c)  Ba(NOs)s: Ba is invariant: The cation is barium; the anion is nitrate: barium nitrate,
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(d) Pb(C;H30;);:  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(Il); the anion is acetate: lead(Il) acetate.

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

(f)  PbSOy: 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(Il); the anion is sulfate: lead(Il) 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)y: Ba is invariant: The cation is barium; the anion is hydroxide: barium hydroxide.

(b) NH4l: The cation is ammonium; the anion is from iodine, which becomes iodide: ammonium
iodide.

(c) NaBrOg Nais invariant: The cation is sodium; the anion is perbromate: sodium perbromate.

(d) Fe(OH);: 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(IIT) hydroxide.

(e) CoSOy: 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(IT); the anion is sulfate: cobalt(Il) sulfate.

(fH  KCIO: 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.

(@)  sodium hydrogen sulfite: Na® HSO;~ NaHSO; cation 1+, anion 1-
(b)  lithium permanganate: Lit MnO;~ LiMnO, cation 1+, anion 1-
(c) silver nitrate: Ag® NOj AgNO;  cation 1+, anion 1-
(d) potassium sulfate: K* SO K,50; cation 2(1+4) = 2+, anion 2—
(e)  rubidium hydrogen sulfate: Rb* HSO;~ RbHSO,; cation 1+, anion 1-

()  potassium hydrogen carbonate: =~ K*  HCO;~ KHCO; cation 1+, anion 1-

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)  copper(Il) chloride: Co*t T CuCl, cation 2+, anion 2(1-) = 2—-

(b)  copper(]) iodate: Cu® 105 CulO4 cation 1+, anion 1-

(c)  lead(Il) chromate: Pb?* CrO4~ PbCrO;  cation 2+, anion 2-

(d) calcium fluoride: Ca*t B CaF, cation 2+, anion 2(1-) = 2—

(e)  potassium hydroxide: K* OH™ KOH cation 1+, anion 1-

(f)  iron(Il) phosphate: Fe?* PO IFE3(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 prefixhydrate,
where the prefix is the number of water molecules associated with each formula unit.
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(a)
(b)
(©)
(d)

CoSOy - 7THy0 cobalt(Il) sulfate heptahydrate

iridium(I1) bromide tetrahydrate  IrBrs - 4H,0

Mg(BrO3); - 6H,O magnesium bromate hexahydrate

potassium carbonate dihydrate K,CO; - 2H,0

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)
(b)
(c)
(d)

cobalt(Il) phosphate octahydrate Co3(POy); - 8H,0

BeCl, - 2H,0 beryllium chloride dihydrate

chromium(Ill) phosphate trihydrate ~ CrPOy - 3H,0

LiNO; - H,O lithium nitrite monohydrate

ulas and Names for Molecular Compounds and Acids

(a)

(b)

()

(e)

(a)

(b)

()

(d)

(e)

coO

NI,

SiCl,

NSey

1205

S0,

BI'F5

NO

XeOs

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.

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 fri- to indicate three and given the suffix -ide:
nitrogen triiodide.

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 tetrachloride.

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.

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.

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.

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.

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.

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.

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 fri- to indicate three and given the suffix -ide:

xenon trioxide.
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(a)
(b)
(©)
(d)
(e)
(a)
(b)
(©)
(d)
(e)
(a)
(b)
(©)
(d)
(a)
(b)
(c)
(d)
(a)
(b)
(c)
(a)
(b)
(c)

phosphorus trichloride: PCly

chlorine monoxide: ClOo

disulfur tetrafluoride: S;Fy

phosphorus pentafluoride: PFs

diphosphorus pentasulfide: P;5s5

boron tribromide: BBr3

dichlorine monoxide: ClL,O

xenon tetrafluoride: XeFy

carbon tetrabromide: CBry

diboron tetrachloride: B,Cly

HI: The base name of 1 is jod so the name is hydroiodic acid.
HNO3: The oxyanion is nitrate, which ends in -ate; therefore, the name of the acid is nitric acid.

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

HC;H30;:  The oxyanion is acetate, which ends in -ate; therefore, the name of the acid is acetic acid.

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

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

H,S0,: The oxyanion is sulfate, which ends in -ate; therefore, the name of the acid is sulfuric acid.

HNO,: The oxyanion is nitrite, which ends in -ite; therefore, the name of the acid is nitrous acid.

hydrofluoric acid: HF
hydrobromic acid: ~ HBr
sulfurous acid: H,504
phosphoric acid: H;PO,
hydrocyanic acid: HCN
chlorous acid: HCIO,

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)

(b)

(©)

NO, formula mass

C4Hyp formula mass

CeH120¢ 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

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

= 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)s 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)
i = 238.03 amu
3.56 To find the formula mass, we sum the atomic masses of each atom in the chemical formula.
(a) MgBr, formula mass =1 x (atomic mass Mg) + 2 x (atomic mass Br)
=1x(24.31 amu) + 2 x (79.90 amu)
= 184.11 amu
(b) HNO, 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
() CBry formula mass =1 x (atomic mass C) + 4 x (atomic mass Br)
=1x(12.01 amu) + 4 x (79.90 amu)
= 331.61 amu
(d) Ca(NOs); formula mass =1 x (atomic mass Ca) + 2 x (atomic mass N) + 6 x (atomic mass O)
=1x (40.08 amu) + 2 x (14.01 amu) + 6 x (16.00 amu)
= 164.10 amu
{8 (a)  Given: 25.5 g NO, Find: number of moles
Conceptual Plan: g NO, — mole NO,
1 mol
46.(]1[’; NO;
. 1molNO;
Solution: 25.5 gNGs x 1601 gNGs 0.554 mol NO,
Check: The units of the answer (mole NO,) are correct. The magnitude is appropriate because it is
less than 1 mole of NO,.
(b)  Given: 1.25 kg CO, Find: number of moles
Conceptual Plan: kg CO2 — g CO2 — mole CO2
1000 g CO, 1. mol
kgCO; 4401 g NO;
) 1000 g€z 1 mol CO,
Solution: 1.25 kg€, x X 2201 = 28.4 mol CO,
Check: The units of the answer (mole CO,) are correct. The magnitude is appropriate because there
is over a kg of CO, present.
(c) Given: 38.2 g KNO3 Find: number of moles
Conceptual Plan: g KNO; — mole KNO;
1 maol
10111 g(;(NO;
. 1 mol KNO;,
Solution: 38.2 gKINOs x 10111 g KNGy 0.378 mol KNO;
Check: The units of the answer (mole KNO;) are correct. The magnitude is appropriate because there
is less than 1 mole of KNO;.
(d) Given: 155.2 kg NaySO, Find: number of moles
Conceptual Plan: kg Na,SO; — g Na,SO; — mole Na,SO,
1000 g Na,S0, 1.mol
kg Na50;  142.05 g Naz50,
i 1000g Nax5CQ4 1 mol NaySOy
Solution: 155.2 KgNaySO4 x R NSO, X 142.05 g NaSO; 1092 mol Na,SO,
Check: The units of the answer (mole Na;5SO4) are correct. The magnitude is appropriate because
there is over 100 kg of Na;SO; present.
3.58 (@) Given: 55.98 g CF,Cl, Find: number of moles

Conceptual Plan: g CF,Cl; — mole CF,Cl;
1
120 .911 EEFQC"'_!
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3.59

(©)

(d)

(@)

(b)

Solution: 55.98 1 mol CFz(:lz
olution: 35.98 BCHCl X 120,91 gerch

Check: The units of the answer (mole CF,Cly) are correct. The magnitude is appropriate because it is
less than 1 mole of CF,Cl,.

= 0.46298 mol CF,Cl; = 0.4630 mol CF,Cl,

Given: 23.6 kg Fe(NOj3), Find: number of moles

Conceptual Plan: kg Fe(NO3), — g Fe(NO3); — mole Fe(NO3),
1000 g Fe(NO,), Y
kg Fe(NO3); 179 87 gFe(NO3)2

1000 g FetN©1)a F
Solution: 23.6 Ky FeNOs)s x ——2 o FANCS
KgFefNOs)s  179.87 g Fe(iNOs)e
Check: The units of the answer (mole Fe(NO3);) are correct. The magnitude is appropriate because
there is over a kg of Fe(NQOj3), present.

= 131 mol Fe(NOs),

Given: 0.1187g CgHyg Find: number of moles
Conceptual Plan: g CgHyg — mole CgHyg

____1mol
114.22 g CgHyg

- 1 mol C3H1 8
Solution: 0.1187 g €ghhg x m
Check: The units of the answer (mole CgHz) are correct. The magnitude is appropriate because it is
much less than 1 mole of CgHg.

= 1.039 x 10> mol CgH,g

Given: 195 kg CaO Find: number of moles
Conceptual Plan: kg CaO — g CaO — mole CaO
1000gCad 1 mol
kg CaO 56.08 g CaO

lmmgeﬂ@ 1m01Ca0
Solution: =t — 3 U
olution: 195 Kg-€aQ x X 56 08 CaQ 3477 mol CaO = 3.48 x 10°> mol CaO

Check: The units of the answer (mole Ca0O) are correct. The magnitude is appropriate because there
is over a kg of CaO present.

Given: 6.5 g H)O Find: number of molecules

Conceptual Plan: g H;O0 — mole H,O — number H,O molecules
6.022 x 102 H,O molecules

1 mol
18.02 g H,O mol HyO
) ImoHHL,Q  6.022 x 102 Hy0 molecules
Solution: 6.5 gHHQ X = - x = 2.2 x 10% H,0 molecules

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

Given: 389 g CBry Find: number of molecules
Conceptual Plan: g CBry — mole CBry — number CBry molecules
6.022 x 10% CBr, molecules

1 mol
331.6 g CBry mol CBry
1 motEBey  6.022 x 10 CB lecul
Solution: 389 §€Bxy x 331.6 3 €8xy X 2 s 7.06 x 10*3 CBry molecules

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

Given: 22.1 g O, Find: number of molecules

Conceptual Plan: g O, — mole O, — number O, molecules

1mol  6:022x10% 0, molecules

32.00g0; mol Oy
) 1moHQs  6.022 x 102 O, molecules
Solution: 22.1 g6 x 32.00 X I = 4.16 x 10% O, molecules

Check: The units of the answer (O, molecules) are correct. The magnitude is appropriate: it is smaller
than Avogadro’s number, as expected, since we have less than 1 mole of O,.
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3.60

3.61

(d)

(a)

(b)

()

(d)

(a)

Given: 19.3 g CgH;y Find: number of molecules
Conceptual Plan: g CgHyy — mole CgHyy — number CgH;y molecules
1 mol 6.022 x 107 C H,; molecules
106.16 g CaHyp mol CgHig

Solution: o
1 2 6.022 x 10~ CgHjgmolecules
19.3 7 €pHyg x OB 10
106.16 g‘egi‘{-m mol CgHw
Check: The units of the answer (CgH;y molecules) are correct. The magnitude is appropriate: it is
smaller than Avogadro’s number, as expected, since we have less than 1 mole of CgHyj.

= 1.09x 1023 CsHm molecules

Given: 85.26 g CCly Find: number of molecules
Conceptual Plan: g CCl; — mole CCl; — number CCly molecules
1 mol 6.022 x 10 CCl, molecules
153.81 g CCly mol CCly

1moteCly  6.022 x 102 CCly molecules

153.81 g €€k moteCl
= 3.3381 x 10% CCly molecules = 3.338 x 10% CCl, molecules

Solution: 85.26 €&k x

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

Given: 55.93 kg NaHCO; Find: number of molecules

Conceptual Plan: kg NaHCO; — g NaHCO; — mole NaHCO3; — number NaHCOj; molecules
1000 g {iie 6.022 x 10 NaHCO, molecules
1000

4 84.01 g NaHCOa mol NaHCO;

Solution:

1000 1 6.022 x 10% NaHCO3 molecul
GG . g NaHEO, A mot NaHCO; " X a 3 molecules
5 . KgNaHEQ; — 84.01 gNaHEQs morNaHCO,
= 4.009 x 10*® NaHCO; molecules

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

Given: 119.78 g C4H;y Find: number of molecules
Conceptual Plan: g C4H;p — mole C4H,; — number Cy;H;, molecules
6.022 x 102 C,H, . molecules

1 mol 410
58.12 g C4Hyg mol CgHyp

Solution:
| mot€yHyy  6.022 x 102 C4H;o molecules

19.7
19.78 gCatho X 55 12 st © P—R TN
Check: The units of the answer (CyH;y molecules) are correct. The magnitude is appropriate: it is
larger than Avogadro’s number, as expected, since we have more than 1 mole of C4Hj.

= 1.241 x 10* C4H;, molecules

Given: 4.59 x 10° g NasPOy4 Find: number of molecules
Conceptual Plan: g NazPO4 — mole Na;PO; — number Na;PO4 molecules
1 mol 6.022 x 10% Na,PO, molecules
163.94 g Na3sPOy mol NasPOy
1 MotNasRQ,  6.022 x 107 NazPOymolecules
. . 5
Solution: 4.59 X 107§ N X 1 o 94 T NaPO, mol Na3PO;

= 1.686 x 10% NazPO, molecules = 1.69 x 10 Na3PO, molecules

Check: The units of the answer (Na;PO4 molecules) are correct. The magnitude is appropriate: it is
larger than Avogadro’s number, as expected, since we have more than 1 mole of NasPOj.

Given: 5.94 x 10 SO;3 molecules Find: mass in g
Conceptual Plan: number SO; molecules — mole SO; — g SO,
1 mol SO, 80.07 SO,

6.022 x 107 SO3 molecules 1 mol SO,
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3.62

(b)

(c)

(a)

(b)

(c)

1 CgH{760zmelecule x

9.85 x 10! CClFymolecules

1 MoESQs 80.07 g SOs
* 6.022 x 102 SO5molecules . 1 MoHSQ,

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 SO;.

Solution: 5.94 x 10%’ SO molecules = 0.0790 g SO;

Given: 2.8 x 10? Hy,O molecules Find: mass in g
Conceptual Plan: number H,O molecules — mole H,O — g H,0
1 mol H,0 18.02 g H,O
6.022 x 10° H,0 molecules 1 Mol H20
_ 1 moHH,Q 18.02 g H,0
4 H;O0molecules
Solution: 2.8 x 102 3 X 6.022 x 107 T3 X 1
Check: The units of the answer (grams H,0) are correct. The magnitude is appropriate: there is less
than Avogadro’s number of molecules so we have less than 1 mole of H,O.

= 0.84 g H,0

Given: 1 C¢H 304 molecule Find: mass in g
Conceptual Plan: number CgHy;04 molecules — mole CgH1,05 — g CeHy,04

1 mol %HUO\‘, 180.16 g C H,, O,

6.022 x 10° CgHy,0f molecules 1 MOl CeHi1206

1 Mot €H1HO, 180.16 g CgH1,0,
il X B 6120 o 2992%1072gCH 0,
6.022 x 107 CgHpzO0p meleeules 1 Mot €gHp0,
Check: The units of the answer (grams C¢H;,0;) 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 CgH;,0.

Solution:

Given: 4.5 x 10” O3 molecules Find: mass in g
Conceptual Plan: number O3 molecules — mole O; — g O3

1 mol O, 48.00g O,
6.022 x 10” O3 molecules 1 ™01 O3

1 ot-O4 48.00 g O,

XS.ODxlﬂﬂOﬂnUhadesx 1 motOy
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.

= 3.6x10°g Oy

Solution: 4.5 x 10%° Oy moteeules

Given: 9.85 x 10" CCl,F; molecules Find: mass in g
Conceptual Plan: number CClF; molecules — mole CCLLF, — g CCLF,
1 mol 03 12091 & CCLZFZ

6.022x 10 Oy molecules 1 mol CCIF,

1 mot€EhLEs 120.91 g CCLF
X 2 X B—22 _ 198x10"2gCCLE,
6.022 x 10 CChFsmolecules 1 Mot €EhLE,

Check: The units of the answer (grams CCl,F;) are correct. The magnitude is appropriate: there is less
than Avogadro’s number of molecules so we have less than 1 mole of CClyF,.

Solution:

Given: 1 HyO molecule Find: massin g
Conceptual Plan: number H,O molecules — mole H,O — g H,0

1 mol H,0 18.02¢g H,O
6.022 x 107 H:0 molecules 1mol H;0
1 motHH-Q 18.02 g H,O
Solution: 1 Fiz0-mofeeule x 3 x = 2.992x10"2 g H,0
’ 6.022 x 10® H;O moleeules 1 MoHHHQ

Check: The units of the answer (grams H,O) 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 H,O.
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3.63 Given: 1.8 x 10" Cy,H;,01 molecule Find: mass in mg
Conceptual Plan: number C;,H3,04; molecules — mole C;H;,04y — g Ci3Hp0p — mg CipHp04y
1mol CH,0,, 323gCH, 0, 1x10°mgC,,H,0,,
6.022 x 102 C1oHzOy molecules 1M1 CzHz20n — 1gCiaHzOn
Solution:
- 1 Mo EryH»O0s 3423 gCpHROn  1x 10° Mg EpHnOy
1.8 X 10 CaHzOmelecules x X X
6.022 x 107 CzHmOrmelecules 1 Mot €pHy044 1 g CiaHnOn

= 0.10 mg C]szzO”
Check: The units of the answer (milligrams Ci,H3;,0y;) 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 Cy;H»,0y;.

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

1gNaCl 4 ;oI NaCl  6.022 x 10® NaCl formula units
T 10° mg NaCl 58 .44 g NaCl 1 mol NaCl
Solution:
1 gNaCl 1 motNaCl  6.022 x 102 formula units NaCl
0.12 g-NaCl x X X = 1.2 x 10" formula units NaCl
1 x 10° g NaCl . 58.44 g NaCl 1 motNaCl BT SN

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

3.65 (a)

(b)

(c)

Given: CHy Find: mass percent C

1 x molar mass C
Conceptual Plan: mass %C = molarmass CH x 100

Solution:
1 x molar mass C = 1(12.01g/mol) = 12.01gC
molar mass CHy; = 1(12.01 g/mol) + 4(1.008 g/mol) = 16.04 g/mol
1 x molar mass C

59 = 100%
G molar mass CHy *100%

12.01 g/mel

 16.04 gfmel
= 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.

x 100%

Given: C;Hg Find: mass percent C
2 x molar mass C

Il

x 100

: %C
Conceptual Plan: mass sl FE T,

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

9 = x 100%
e molar mass C;Hg §

24.02 g/mel
30.07 g7mel
= 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.

x 100%

Given: C,H; Find: mass percent C

2 x molar mass C

1 Plan: mass %C = 100
Conceptual Plan: mass molar mass Czﬁzx
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3.66

(d)

(a)

(b)

(c)

Solution:
2 x molar mass C = 2(12.01g/mol) = 24.02gC
molar mass CoH; 2(12.01 g/mol) + 2(1.008 g/mol) = 26.04 g/mol
2 x molar mass C

mass % C = 100%
= molar mass C,H, X ’

~24.02 g/mel

26.04 g7/mel
= 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.

Il

x 100%

Given: C;H5Cl Find: mass percent C

2 1
Conceptual Plan: mass %C = il Lk x 100
molar mass C;HsCl

Solution:
2 x molar mass C = 2(12.01g/mol) = 24.02gC
molar mass C;HsCl = 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 = ol fisas CEC] x 100%

24.02 g/mel
 64.51 g/mal
= 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.

x 100%

Given: N;O Find: mass percent N
2 x molar mass N

Conceptual Plan: mass %N = 100

X
molar mass N>O

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

%N = v
e molar mass N,O 100

28.02 g/mel
4402 g/mel
= 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.

x 100%

Given: NO Find: mass percent N

1 1 N
x molar mass 100

Conceptual Plan: mass %N = X
P ’ molar mass NO

Solution:
1 x molar mass N = 1(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 = molar mass NO x 100%

14.01 g7/mel
~30.01 g/mel
- 4668 Yo

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.

x 100%

Given: NO; Find: mass percent N

1 1 N
Conceptual Plan: mass %N = X = %100
molar mass NO,
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3.69

3.70

3.71

3.72

Check: The units of the answer (%) are correct. The magnitude is reasonable because it is between () and
100% and iron provides most of the formula mass.

Given: FeCOj; Find: mass percent Fe
1 x molar mass Fe

100
molar mass FeCO, :

Conceptual Plan: mass %Fe =

Solution:
1 x molar mass Fe = (55.85 g/mol) = 55.85 g Fe
molar mass FeCO; = 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 = inolacmase BECO, x 100%

55.85 g/mel
 115.86 g7mel
= 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.

x 100%

The ore with the highest iron content is Fe;O4 with an Fe content of 72.37% Fe.

Given: 55.5 g CuF,: 37.42 % F Find: g F in CuF,
Conceptual Plan: g CuF, — gF

37 42gF
100.0 g CuF,

Sk S 3742¢gF

olution: 5 g€ul, x 100.0 g Euks
Check: The units of the answer (g F) are correct. The magnitude is reasonable because it is less than the
original mass.

= 2077 = 208gF

Given: 155 mg Ag; 75.27 % Ag in AgCl Find: mg AgCl
Conceptual Plan: mg Ag — g Ag — g AgCl — mg AgCl
1gAg  100.0g AgCl 1000 mg AgCl

1000 mg Ag 7527gAg  1gAgCl

1gAg 100.0 gAgEl 1000 mg AgCl
1000 mgAg « 7527 gAg . 1gAgd
Check: The units of the answer (g AgCl) are correct. The magnitude is reasonable because it is greater than
the original mass.

Solution: 155 mig-Ag x = 206 mg AgCl

Given: 150 pg I; 76.45% 1 in KI Find: ug KI

Conceptual Plan: pgl — gl — g KI — ugKI
_lgl  100.0gKI 1x10°ugKI
1x10°pg1 764581  1gKI

14 1000 1x10° ug KI
X X e o
Ix10° gl 764571 1gKl

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

Solution: 150 frg-l x = 196 pg KI

Given: 3.0 mg F; 45.24 % F in NaF Find: mg NaF

Conceptual Plan: mgF — gF — g NaF — mg NaF
1gF  100.0g NaF 1000 mg NaF
1000mg F 45.24gF 1 g NaF

1gE 100.0 gNaF 1000 mg NaF
1000 mgE 4524 gNaE "~ 1 gNaE
Check: The units of the answer (mg NaF) are correct. The magnitude is reasonable because it is greater than

the original mass.

Solution: 3.0 fArg-E x = 6.6 mg NaF
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3.78

3.79

(a)

(b)

(c)

(d)

Given: 25 kg CF,Cl, Find: kg Cl
Conceptual Plan: kg CF,Cl, — g CF,Cl, — mole CF,Cl; — mol C1 — g Cl — kg Cl

1000g CE,CL, 1 mol CR,Cl, JmolCl  3545gCl  1kgCl
TkgCRCh, 12091 5 CFACh TmolCECl; 1molCI  1000gCi
1000g€RCL 1 Jmobcl  35457€l  1kgCl
Solution: 25 KpERCls x —— o o . X st
1kgERCl, 12091 gERCl, ¥ 1moteRCl, © 1motcl * 100036l

= 15kgCl
Check: The units of the answer (kg Cl) are correct. The magnitude is reasonable because it is less than
the original kg CF,Cl,.

Given: 25 kg CFCl3 Find: kg Cl
Conceptual Plan: kg CFCl; — g CFCl; — mole CFCl; — mol C1 — g Cl — kg ClI

1000 g CFCl, 1 mol CFCL, 3mol Cl 3545gC1 1kgCl
TkgCFCla 137 4 g CFCl TmolCFCls;  1TmolCI 1000 g Cl
1000 g€FEL 1 moHEECly 3 okCl 3545gCl 1kgdCl

Solution: 25 k
olution: 25 kg CFSs X kg €rCl, * 137.45€FCl, * 1moteRCl; © 1motcl ™ 1000g€l

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

Given: 25 kg CoF3Cl3 Find: kg Cl
Conceptual Plan: kg C,F3Cl; — g C;F3Cl; — mole C;F3Cl; — mol C1 — g Cl — kg Cl

1000gGRCl,  1mol GFCL 3molcl  3545gCl 1kgCl
TkgCoFaCly 187 4 g CGFCly Tmol CFsCly;  1molCl  1000gCl
1000 GHREL  1m 3 wokCl 3545g€l 1kgCl
Solution: 25 Kg€yF,Cls x 5 = S X X X gC
IRgGEF€ly 1874 g6H:EL 1 mol6REly 1 mokcl 1000 g€l

= l4kgCl

Check: The units of the answer (kg Cl) are correct. The magnitude is reasonable because it is less than
the original kg CF5Cls.

Given: 25 kg CF3Cl Find: kg Cl

Conceptual Plan: kg CF;C1 — g CF;Cl1 — mole CF;Cl1 — mol C1 — g Cl — kg Cl
1000 g CF,Cl 1 mol CECI lmolCl  3545gC1  1kgCl
TkgCFCl 104.46 g CFsCl TmolCF:ClI  1molCI  1000gCl

1000 g€EFKCI 1 motERCl 1mokCl 3545g€l 1kgCl
Solution: 25 Kg€F;Cl x X X X X
1kg€ECl 10446 g€HCEL 1 molEECl 1 mokcl 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 CF;ClL

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

%SE IL n[;[? Ig% divide by smallest number
; Tmol A8 _ 01530 mol A
Solution: 1.651 gAg x 107, = 0. mol Ag
1 mol O
1224 g Ox———— = 0.007650 mol O
HIReg VIR0 o

Ago 01530 Op.007650

Agimem Oar — AgO

The correct empirical formula is AgO.



88

Chapter 3 Molecules, Compounds, and Chemical Equations

(b)

()

(a)

(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
1molCo _1molAs 1mol O

899gCo 7i0gAs 600g0 divide by smallest number
Solution: 0.672 g€e x B:}—% = 0.0114 mol Co
0.569 gAs x % = 0.00759 mol O
0.486 gQ x % = 0.0304 mol O

Cop.0114 Asg.00759 O0.0304
Cooons Asovse Qomn — C01,5A5104

0.00759 000759 0.00759
C01_5A5104 X2l—=> CO}ASQOS
The correct empirical formula is CozAs,Og.

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

?;‘“I‘*r;f?"lg'% 5’% divide by smallest number
1 mol Se
ion: 1. — = .01828
Solution: 1.443 gSe x 78 96 0.01828 mol Se
1 mol Br
. ——— = 0.07
58413‘81:)(?9'90 0.07310 mol Br
Sep,p1828Br0.07310

SeonssBroomn — SeBry
001825 0.01828

The correct empirical formula is SeBry.

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 mol [

58.69gNi  1269gl divide by smallest number
1 mol Ni
Solution: 1.245 g-Ni x B0 0.02121 mol Ni
1moll
.381 = 0.04240 mol I
5381 Blx 106931 e

Nig 02121 1o.04240

Nioo [oszo — Nily
002121 002121

The correct empirical formula is Nily.

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—13;_‘;]33;3 %TTOIEBE; divide by smallest number

1 mol Ba

1373 g Ba
3.1153‘3;)‘% = 0.03899 mol Br

Solution: 2.677 gBa x = 0.01950 mol Ba

Bag 1950 Bro.03see

Baoowso Broosse — BaBr;
0.01950 001950

The correct empirical formula is BaBr;.
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38

(c)

(a)

(b)

(a)

Given: 2.128 g Be; 7.557 g 5; 15.107 g O Find: empirical formula
Conceptual Plan:

convert mass to mol of each element — write pseudoformula — write empirical formula
1molBe 1molS 1molO

1 mol B
Solution: 2.]28‘gﬁexﬁ;——?— = 0.2361 mol Be
1 mol S
7.557 B8 X ———— = (.2356 mol S
B8 x5 0728 e
1 mol O

: — = {}.9
15 1073@)‘16.003‘9 0.9442 mol O

Be 2361 5023560 0.9442
Beo2w Soxss Qoo — BeSOy

02356 02356 02356
The correct empirical formula is BeSOy.

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

112 “510 IgCC I].Dralg igl-[l_] 113?‘;?]\1 divide by smallest number
. 1molC
Solution: 74.033@)(12.01% = 6.164 mol C
1 mol H

i e 1
BI0H X aoy = 863 molH
1727 5N x 2N _ 4 233 molN

VENX g~ 123¥mo
Ce.16aHs63N, 55,

CeiaH g3 Nizm — CsHoN

1233 1233 1233
The correct empirical formula is CsHyN.

Given: In a 100 g sample: 4948 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 1mol H 1 mol N 1mol O

120igC 1008gH 140lgN 16.00g0 divide by smallest number
, 1molC
Solution: 49.483‘(;)(12.013{; = 4.120 mol C
1 mol H
5.19gﬁ)<m = 5.15mol H
28.85 7N x AN _ 5 659 mol N
BENxyoigN ~ %
1 mol O
16.482‘@XM = 1.030 mol O

C4.120 Hs 15 Np 059 O1.030
Caxo Hsis Naow Orow — C4H5N,0

1.030 1.030 1.030 1030
The correct empirical formula is C4HsN>O.

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

1mol C 1 mol H 1 mol O N
1201gC 1.008gH 1600g0O divide by smallest number
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3.83

3.84

1HlC o shemotic

1201g¢e
1 mol H
9.87B‘HXW = 979mol H

1 mol O
313380300
Cy.896 Ho 79 Oy 958
CassH om O1ss — C,sHs50

1.958 1.958 1.958
C25H50x2 = CsHygO;
The correct empirical formula is CsH¢O;.

Solution: 58.80 g€ x

= 1.958 mol O

(b)  Given: Ina 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

1mol C 1 mol H 1 mol O
1201gC 1.008gH 16.00g0

5 1molC
Solution: 63.15 g€ x 2013C 5.258 mol C

1 mol H
S.MEHXW = 5.26 mol H

1 mol O
31‘5539)(16.003‘9 = 1.972mol O

divide by smallest number

Cs.258 Hs.26 O1.972
CszsHs2 O — Cy 67Hp 670

1972 1972 1972
Cae7Ha 670 x 3 = CgHgO;3
The correct empirical formula is CgHgOs.

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

dmolC 1molH 1molO
1201gC 1.008gH 16.00g0

. 1 mol C
Solution: 75.69 g€ x 12.013€

1molH
: —— = 8.7 1
Baﬂgﬁxl.DOS 8.73 mol H

divide by smallest number

= 6.302mol C

1 mol O
15.51 B’Q X m = 0.9694 mol O

Cé.302H3.7300.9694
Cean H 873 Oogsos — Cﬁvsqulglo

09694 09694 09694
Cos0Ho O x2 = Cy3H 150,
The correct empirical formula is Cy3H;50,.

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

112?8] ]g% 11(;3;1;}1(-1 1}5“{;313% divide by smallest number
1 mol C
ion: 40. — = 3407 I1C
Solution: 40.92 € x 12.01 mo
1mol H
. ———— = 454molH
458 gHx 1.008 mo
1 mol O

54.50 2Q x w = 3.406 mol O

Ca.407H4.5403 406
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3.94

3.95

Solution:
lmolCOz
14.088€C x o = 0.3199 mol CO,
1325 x —DHO 2397 mol H,0
CEETREX gt T MOl
0.3199 MOHEQs x iﬂli = 0.3199 mol C
2mol H
2397 S = 0.4795 mol
02397 MoHH;0 X 0.4795 mol H
0.3199 mokC. iy 3842¢C
- X~ = 3.842¢
0.4795 mokH i 0.4833 ¢ H
/ X3 = 0. g
1201g — 3.842g — 04833g = 7.68g0
1mol O
7.683“@){1—6—.66—%‘35 = (0.480 mol O

Cp.31909H0.479500 480
CoawsHoasOoa0 — CH; 50, 5

03199 03199 03199
CH1_‘50|_5x2 = C2H303
The correct empirical formula is C;H303.

iting and Balancing Chemical Equations

Conceptual Plan: write a skeletal reaction — balance atoms in more complex compounds — balance
elements that occur as free elements — clear fractions
Solution:  Skeletal reaction: SO,(g) + Os(g) + HO(l) — H;504(ag)

Balance O: S0,(g) + 1/204(g) + HO(I) — H,S04(aq)
Clear fraction: 250,(g) + Oy(g) + 2H,0(1) — 2H;504(ag)
Check: 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 — balance

elements that occur as free elements — clear fractions
Solution:  Skeletal reaction: NO,(g) + O5(g) + HyO(l) — HNOs3(aq)

Balance H: NOy(g) + Oy(g) + HyO(l) — 2HNO3(aq)
Balance N: 2NOy(g) + Ox(g) + HyO(l) — 2HNO4(aq)
Balance O: 2NO»(g) + 1/204(g) + HO(l) — 2HNOs(aq)
Clear fraction: 4ANOs(g) + Oa(g) + 2H,0(I) — 4HNO3(aq)
Check: left side right side

4 N atoms 4 N atoms

12 O atoms 12 O atoms

4 H atoms 4 H atoms

Conceptual Plan: write a skeletal reaction — balance atoms in more complex compounds — balance
elements that occur as free elements — clear fractions
Solution:  Skeletal reaction: Na(s) + HyO(I) — Hy(g) + NaOH(ag)

Balance H: Na(s) + HO(l) — 1/2H;(g) + NaOH(ag)

Clear fraction: 2Na(s) + 2H,O(l) — Ha(g) + 2NaOH(aqg)
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Check: left side right side
2 Na atoms 2 Na atoms
4 H atoms 4 H atoms
2 O atoms 2 O atoms
3.96 Conceptual Plan: write a skeletal reaction — balance atoms in more complex compounds — balance

elements that occur as free elements — clear fractions
Solution: Skeletal reaction: Fe(s) + Oy(g) — Fe O4(s)

Balance O: Fe(s) + 305(g) — 2Fey05(s)
Balance Fe: 4Fe(s) + 30,(g) — 2Fe;04(s)
Check: left side right side
4 Fe atoms 4 Fe atoms
6 O atoms 6 O atoms

Conceptual Plan: write a skeletal reaction — balance atoms in more complex compounds — balance
elements that occur as free elements — clear fractions
Solution:  Skeletal reaction: Ci2Hp041(ag) + HYO(l) — C,HsOH(ag) + CO,(g)

Balance H: Cyi2H2,04(ag) + HYO(l) — 4C,H50H(ag) + CO,(g)
Balance C: C12Hp00yy(aq) + HyO(l) — 4C,H50H(ag) + 4CO4(g)
Check: left side right side

12 C atoms 12 C atoms
24 H atoms 24 H atoms
12 O atoms 12 O atoms

3.98 Conceptual Plan: write a skeletal reaction — balance atoms in more complex compounds — balance
elements that occur as free elements — clear fractions
Solution:  Skeletal reaction: ~ COx(g) + H,O() — CgH1204(a9) + OxAg)

Balance C: 6CO,(g) + HyO() — CeH20g(ag) + Oa(g)
Balance H: 6COs(g) + 6H,0() — CgH1204(aq) + Oa(g)
Balance O: 6CO,(g) + 6HO(l) — CgH1204(ag) + 605(g)
Check: left side right side
6 C atoms 6 C atoms

18 O atoms 18 O atoms
12 H atoms 12 H atoms

3.99 (a)  Conceptual Plan: write a skeletal reaction — balance atoms in more complex compounds — balance
elements that occur as free elements — clear fractions
Solution:  Skeletal reaction: PbS(s) + HBr(ag) — PbBra(s) + H25(g)
Balance Br: Pb5(s) + 2HBr(ag) — PbBry(s) + H;S5(g)

Check: left side right side
1 Pb atom 1 Pb atom
1 S atom 1S 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 — clear fractions

Solution: Skeletal reaction: CO(g) + Ha(g) — CHylg) + HO(I)
Balance H: CO(g) + 3Hy(g) — CHy(g) + HyO(l)
Check: left side right side
1C atom 1 C atom
1 0O atom 1 O atom

6 H atoms 6 H atoms
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3.102

(a)

(b)

(c)

(d)

(a)

Check:

left side
4 N atoms
6 H atoms

10 O atoms

right side
4 N atoms
6 H atoms
10 O atoms

Conceptual Plan: balance atoms in more complex compounds — balance elements that occur as

free elements — clear fractions

Solution: Skeletal reaction:
Balance C:

Check:

COy(g) + CaSiOs(s) + HyO(l) — SiO4(s) + Ca(HCO3)1(aq)
2C0O4(g) + CaSiOs(s) + HyO(l) — SiOy(s) + Ca(HCO3)x(aq)

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

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(NOs)s(aq) + (NHy)pS(aq) — CorSs(s) + NH4NO5(aq)
Co(NO3)s(aq) + 3(NHg):S(ag) — Co355(s) + NHyNO5(aqg)
2Co(NO3)3(aq) + 3(NH4);5(aq) — Co255(s) + NH4NO3(ag)
2Co(NOs)s(aq) + 3(NHy)2S(ag) — CozSs(s) + 6NH34NOs(aq)

left side

2 Co atoms
12 N atoms
18 O atoms
24 H atoms
3 S atoms

right side
2 Co atoms
12 N atoms
18 O atoms
24 H atoms
3 S atoms

Conceptual Plan: balance atoms in more complex compounds — balance elements that occur as

free elements — clear fractions
Solution: Skeletal reaction:

Balance Cu:
Check:

Cuy0(s) + C(s) — Cu(s) + CO(g)
Cuy0(s) + C(s) — 2Cu(s) + CO(g)

left side

2 Cu atoms
1 O atom

1 C atom

right side
2 Cu atoms
1 O atom
1 C atom

Conceptual Plan: balance atoms in more complex compounds — balance elements that occur as

free elements — clear fractions

Solution: Skeletal reaction:
Balance Cl:

Check:

Ha(g) + Cla(g) — HCl(g)
Hy(g) + Cla(¢) — 2HCI(g)

left side
2 H atoms
2 Cl atoms

right side
2 H atoms
2 Cl atoms

Conceptual Plan: balance atoms in more complex compounds — balance elements that occur as

free elements — clear fractions
Solution: Skeletal reaction:

Balance Na:
Check:

NayS(ag) + Cu(NOs)a(ag) — NaNOs(ag) + CuS(s)
NayS(aq) + Cu(NO3)a(ag) — 2NaNO;(ag) + CuS(s)

left side
2 Na atoms
15 atom

1 Cu atom
2 N atoms
6 O atoms

right side
2 Na atoms
1S atom

1 Cu atom
2 N atoms

6 O atoms
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