CHAPTER 6

Chemical Reactions: An Introduction
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The types of evidence for a chemical reaction mentioned in the text are a change in color,
formation of a solid, evolution of a gas, and absorption or evolution of heat. Other bits of evidence
that might also be observed include appearance or disappearance of a characteristic odor or
separation of the reaction mixture into layers of visibly different composition.

Most of these products contain a peroxide, which decomposes releasing oxygen gas.

The fact that the material in the drain that did not dissolve in water dissolves when the drain
cleaner is added suggests that rather than simple dissolving, the material in the drain has
undergone a chemical change that makes it soluble. You may also have noticed that the drain
cleaner evolved heat when added to the drain; evolution or absorption of heat is also often a sign
of a chemical reaction,

Bubbling takes place as the hydrogen peroxide chemically decomposes into water and oxygen
gas.

The container of a flashlight battery usually consists of zinc, which is one of the substances
involved in the chemical reaction in the battery that generates the electricity. The fact that the
zinc decays until the battery leaks is a sign that a chemical reaction has taken place.

The two components are both liquids, but harden to a solid when combined. There is also heat
evolved during the reaction.

A and B are the reactants, C and D are the products; the arrow indicates that a reaction takes
place.

atoms
the same as
the same

The physical state is included because it helps us visualize the reaction taking place (for example,
if a solid forms when two liquids are mixed together, that is very significant). The physical state is
also included because it may influence some measured properties of the reaction. For example, if
water vapor is formed in a reaction, a different quantity of energy may be involved than if liquid
water were formed (See Chapter 10.). We indicate the physical states as follows: (s), solid; (1),
liquid; (g), gas; (aq) aqueous solution,

water

Zn(s) + HCl(agq) — ZnCly(ag) + Hx(g)
Ha04(ag) — Hx(g) + Ox(g)

Hx(g) + Oy(g) — H0(g)
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Chapter 6: Chemical Reactions: An Intraduction

AgNOsy(ag) + HCl(ag) — AgCl(s) + HNOs(ag)
Pb(NO;)x(ag) + HCl(aq) — PbCl,(s) + HNOs(aq)
Ag(s) + HNOy(ag) — AgNO;(ag) + NO(g) + Hyg)
CsHa(g) + O0s(g) — COx(g) + H,0(g)

CsHy(g) + Ox(g) — CO(g) + H,0(g)

B20s(s) + Mg(s) — B(g) + MgO(s)

CaCOs(s) + HCl(ag) — CaCly(agq) + HyO()) + COx(g)
Py(s) + Cly(g) — PCly(s)

8i0x(s) + C(s) — Si(s) + CO(g)

NH,NOx(s) - N;0(g) + H;0(g)

Ha8(g) + Ox(g) — SOx(g) + H,0(g)

CaHa(g) + Oa(g) — COy(g) + H,0(g)

50:(g) + HyO()) — H,805(ag)

SOs(g) + HoO() — H,S04(ag)

BaO(s) + Al(s) — Ba(s) + ALOs(s)

CaO(s) + Al(s) — Cas) + ALOs(s)

S8rO(s) + Al(s) - Sr(s) + ALOs(s)

NO(g) + Os(g) ~ NOy(g) + Oy(g)

CHq(g) + Cl(g) —» CCL())+HCl(g)

NHs(g) + HNOs(ag) — NH,NOs(s)

CaO(s) + H,0(g) — Ca(OH),(s)

Xe(g) + Fa(g) — XeFy(s)

NH:NOs(s) — Ny(g) + Ox(g) + H,0(g)

NH,Cl(s) + NaOH(s) —tezt_, NH;(g) + H,O(g) + NaCl(s)

The subscripts in a formula roally define what compound is present since the subscripts represent
in what proportions the elements combine to form the compound. Changing the subscripts would
be changing the identity of the compound, :

whole numbers

a. PeCl3+KOH —» Fe(OH); + KCl1
Balance chlorine: FeCl3 + KOH — Fe(OH); + 3KCl
Balance potassium: FeCl; + 3KOH —» Fe(OH), + 3KCl
Balanced equation: FeCly(agq) + 3KOH(ag) —» Fe(OH)(s) + IKCl(aq)
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Pb(C;H:0,); + KI — Pbl; + KC;H,0,

Balance iodine: Pb(C,H;30,), + 2KI — Pbl, + KC;H;0,
Balance potassium: Pb(C,H30,), + 2KI — Pbl, + 2KC,;H;0,
Balanced equation: Pb(C,H;O;)(ag) + 2K1(ag) — Pbly(s) + KCHy0x(aq)
P40y + H;0 — H;PO,

Balance phosphorus: P40y + H,O — 4H;PO,

Balance hydrogen: PO, + 6,0 — 4H;P0,

Balanced equation: PsO10(s) + 6H,0(l) — 4H;PO4(aq)

LizO + H,0 — LiOH

Balance lithium: Li;O + H,0 — 2LiOH

Balanced equation: Li;O(s) + H;0(/) —> 2LiOH(aq)

MnQO, + C— Mn+ CO,  This equation is already balanced!
Sb+ Cl, — SbCls

This equation is'more difficult to balance than it may appear. The problem arises in the fact
that there are two Cl atoms on the left side of the equation, whereas there are three Cl atoms
on the right side of the equation. To balance the chlorine atoms, we need to know the
smallest whole number into which both two and three divide. This number is six: we need to
adjust the coefficients of Cl, and SbCl; so that there will be six chlorine atoms on each side
of the equation. :

Balance chlorine: Sb + 3Cl, —> 2SbCl,
Balance antimony: 2Sb + 3Cl, — 28bCl,

. Balanced equation: 2Sb(s) + 3Clx(g) — 2SbCls(s)

CH; +H;0 - CO+H;

Balance hydrogen: CH, + H,0 — CO + 3H,

Balanced equation: CH(g) + H,0(g) ~ CO(g) + 3Hy(g)

FeS + HC1 ~ FeCl, + H,S

Balance chlorine: FeS + 2HC] -5 FeCl, + H,S

Balanced equation: FeS(s) + 2HCl(aq) — FeCly(ag) + H.S(g)

Al(s) + CuO(s) - ALOs(s) + Cu()) _
balance Al: 2Al(s) + CuO(s) — AlO4(s) + Cu(l)

balance O: 2Al(s) + 3Cu0(s) —> ALOs(s) + Cu(l)

balance Cu: 2A1(s) + 3Cu0(s) —> ALOs(s) + 3Cu())
balanced equation: 2A1(s) + 3Cu0(s) —> ALOs(s) + 3Cu()
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b Su(s) + Fa(g) — SFy(g)
balance sulfur: S4(s) + F,(g) —» 8SF(g)
balance fluorine: Sg(s) + 24F,(g) — 8SFs(g)
balanced equation: Sg(s) + 24F,(g) — 8SFq(g)
C.  Xe(g)+Fy(g) - XeFe(s)
balance fluorine: Xe(g) + 3F,(g) » XeFq(s)
balanced equation: Xe(g) + 3Fy(g) — XeFg(s)
d.  NH.Clg) + KOH(s) — NH;(g) + H,0(g) + KCl(s)
The equation is already balanced.
e SiC(s)+Ch(g) » SiCL()+ C(s)
balance chlorine: SiC(s) + 2Cly(g) —» SiCly()) + C(s)
balanced equation: SiC(s) + 2Ch(g) —» SiCly()) + C(s)
f. KO(s) + H0() — KOH(ag)
balance potassium: Ko0(s) + H,0()) — 2KOH(ag)
balanced equation: K,0(s) + HO() —» 2KOH(aq)
g NOs(g) + H,O() — HNOjy(aq)
balance nitrogen; N0s(g) + H,O(l) - 2HNOs(aq)
balanced equation; N2Os(g) + H,0() > 2HNO4(aq)
h.  H,8(g)+ Cly(g) > Sq(s) + HCl(g)
balance sulfur; 8H.S(g) + Cly(g) » 8s(s) + HCl(g)
balance hydrogen: 8H,S(g) + 8Cla(2) => Sg(s) + 16HCl(g) '
balanced equation; 8H,S(g) + 8Cly(g) > Sa(s) + 16HCl(g)
39, “
a,. Br+KI - L, + KBr
Balance bromine: Br; +KI - I, + 2kBy
Balance iodine: Br, + 2K - [+ 2KBr
Balanced equation: Bry(g) + 2K1(ag) La(s) + 2KBr{ag)
b K0, +H,0 — KOH + 0,
Balance hydrogen: K,0, + H,0 —» 3K0H + 0,
Balance oxygen: K,0, + H,0 —s 2K0H + %0,
Convert to whole numbers: 2K,0, + 21,0 _s 4KOH + 0,
Balanced equation: 2K204(s) + 2H,0()) —» 4KOH(aq) + Oy(g)
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Chapter 6: Chemical Reactions: An introduction 89

LiOH + CO, — Li,CO; + H,0

Balance lithium: 2LiOH + CO, — Li,CO; + H,0O

Balanced equation: 2LiOH(s) + COx(g) — Li,COs(s) + H,0(s)

KoCO3+ HNO; — KNO; + H;O + CO,

Balance potassium: K,CO4 + HNO; — 2KNO; + H,0 + CO,

Balance nitrate ion: K,CO; + 2HNO; — 2KNO, + H,0 + CO,

Balanced equat.: K,CO4(s) + 2HNOs(ag) — 2KNOs(ag) + H,O()) + COy(g)
LiAlHq + AICl; — AlH; + LiCl

We have an interesting situation here. There are four hydrogen atoms on the left side of the
equation, but only three hydrogen atoms on the right side. The smallest number that is
divisible by both four and three is 12. So the simplest way to begin balancing this equation is
to take care of the hydrogen atoms so that there are 12 on each side.

Balance hydrogen: 3LiAlH, + AICl; — 4AIH; + LiCl

Balance lithium: 3LiAlH, + AICl; — 4AIH; + 3LiCl

Balanced equation: 3LIAIH(s) + AICk(s) —> 4AIHs(s) + 3LiCl(s)
This equation is already balanced.

Na;S04+C - Na,S + CO,

Balance oxygen: Na,;SO; + C — Na;$ + 2C0,

Balance carbon: Na;SO, +2C — Na,S + 2C0O,

Balanced equation: Na,804(s) + 2C(s) — NapS(s) + 2CO4(g)
NaCl + H,SO, — Na,80, + HCI

Balance sodium: 2NaCl + H,80; — Na,SO, + HCl

Balance chlorine: 2NaCl + H,SO; — Na;S04 + 2HCI

Balanced equation: 2NaCl(s) + H;SO4() — Na;SOy(s) + 2HCl(g)

Na,SO4(aq) + CaCl(ag) — CaSOs(s) + 2NaCl(ag)
3Fe(s) + 4H,0(g) — Fes04(s) + 4Hy(g)

Ca(OH)x(ag) + 2HCl(aq) — CaCly(ag) + 2H,0())
Bry(g) + 2H,0(!) + SO4(g) — 2HBr(ag) + H,804(aq)
INaOH(s) + HsPOy(ag) —> Na;POu(aq) + 3H,0())
2NaNO;(s) — 2NaNO,(s) + Oq(g)

2Na,04(s) + 2H,0()) — 4NaOH(ag) + Oy()

4Si(s) + Sa(s) - 2Si84(s)
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2Li(s) + Cly(g) — 2LiCl(s)
3Ba(s) + Ny(g) — BasNy(s)

2NaHCOx(s) ~ Na;COs(s) + COy(g) + H,0(g)
2Al(s) + 6HCl(ag) ~ 2AICk(ag) + 3Hy(g)
2NiS(s) + 304(g) — 2NIO(s) + 250,(g)
CaHy(s) + 2H,0()) — Ca(OH)y(s) + 2H,(g)
2Hy(g) + CO(g) — CH,0H())

2B,04(s) + 6C(s) — B4Cy(s) + 3COy(g)

#NaCl(s) + 250:(g) + 2H;0(g) + Ou(g) — 2N&,SO(s) + 4HCI(g)
3Bry()) + Iy(s) — 2IBr;(s)

Ca(s) + 2H,0(g) — Ca(OH),(ag) + Hy(g)

2BFy(g) + 3H,0(g) ~ B,05(s) + 6HP(g) ,
SOa(g) + 2Cly(g) —» 80CL()) + CLO(g)

LiO(s) + H,0() — 2LiOH(ag)

Mg(s) + CuO(s) - MgO(s) + CugJ)

Fe;04(s) + 4Ha(g) - 3Fe(l) + 4H,0(g)

4KOx(s) + 6Hy0(?) ~ 4KOH(ag) + Ox(g) + 4H,0,(aq)
Fe,04(s) + 6HNO3(ag) — 2Fe(NOs)y(ag) + 3H,0())
4NHy(g) + 50x(g) — 4NO(g) + 6H,0(g)

PCls(?) + 4H,0() ~ H3POy(ag) + SHCI(g)
CH;0H(l) + 30,(2) - 2C0,(g) + 31,0()

2Ca0(s) + 5C(s) - 2CaCy(s) + CO,(g)

ZMo85(s) + 705(g) — 2MoOs(s) + 480,(g)

FeCOy(s) + BoCOx(ag) — Fe(HCO),(aq)

Ba(NOs)(ag) + Na;CrO4(ag) — BaCrO(s) + 2NaNOs(aq)
PbCly(ag) + K;804(ag) > PbSO4(s) + 2KCl(ag)
CH;OH()) +30,(g) -» 2C0,(g) + 3H,0()

- CaCyls) + 2H;0() - Ca(OH),(s) + CiHy(g)
St(s) + 2HNO(ag) — SH(NOs);(ag) + Hy(g)
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f.  BaOy(s) + HSO4(ag) — BaSO4(s) + HyOx(ag)
g 2Asly(s) — 2As(s)+ 3lx(s)

h.  2CuSOs(aq) + 4KI(s) — 2Cul(s) + L(s) + 2K;S04(ag)
Cala(g) + O(g) — CO(g) + H:0(g)

Na(s) + 0x(g) — NaOx(s)

Na;0y(s) + H,O()) — NaOH(ag) + Oy(g)

KNOs(s) + C(s) — K2COs(s) + CO(g) + Na(g)
Ci2H2201(ag) + H;O()) — 4C,Hs;0H(ag) + 4C0x(g)
2Ha(g) + CO(g) — CH;0H()

2A104(s) +3C(s) — 4Al(s) + 3CO(g)

Fe304(s) + 4Hy(g) — 3Fe(s) + 4H,O(g)

Fe304(s) + 4CO(g) — 3Fe(s) + 4COx(g)

2Li(s) + 8(s) — LiS(s)

2Na(s) + S(s) — Na,S(s)

2K(s) +8(s) —» KS(s)

2Rb(s) + S(s) — Rb,S(s)

2Cs(s) + S(s) - Cs:8(s)

2Fr(s) + S(s) — Fr;S(s)

Fe(s) + Ox(g) — FeO(s)

Fe(s) + Oy(g) — Fe0s(s)

BaO,(s) + H,0(/) - BaO(s) + H;0,(agq)

4B(s) +30g) - 2B,Os(s)

B20s(s) + 3H,0()) — 2B(OH)s(s)

2KClOs(s) — 2KCl(s) + 30,(2)

2H,05(aq) — 2H,0(g) + Ox(2)

NHs(g) + HCI(g) — NH,CI(s)

CaSiOs(s) + 6HF(g) — CaF;(aq) + SiF4(g) + 3H,0(0)

The senses we call “odor” and “taste” are really chemical réactions of the receptors in our body
with molecules in the food we are eating. The fact that the receptors no longer detect the *“fishy™
odor or taste suggests that adding the lemon juice or vinegar has changed the nature of the amines
in the fish, :

Many over-the-counter antacids contain either carbonate jon (COs>) or hydrogen carbonate ion
(HCO5"). When either of these encounter stomach acid (primarily HCI), carbon dioxide gasis
released.

Fe(s) + S(s) — FeS(s)
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Na(s) + Cly(g) — NaCl(s)

K2CrO«(aq) + BaCly(ag) — BaCrO,(s) + 2KCl(ag)
H;8(2) + Pb(NO;);(aq) — PbS(s) + HNOy(aq)
2NaCl(aq) + 2H,0(l) ~ ZNaOH(ag) + Ha(g) + Cly(g)
2NaBr(aq) + 2H,0(/) — 2NaOH(ag) + Hy(g) + Bry(g)
2Nal(aq) + 2H0()) —» 2NaOH(aq) + Ha(g) + Iy(g)
Mg(s) + Ox(g) — MgO(s)

CaCy(s) + 2H,0(l) —» Ca(OH)(s) + C;H,(g)

Py(s) + Oa(g) — P,0,o(g)

CuO(s) + H,804(ag) ~ CuSO4(ag) + H,0())

PbS(s) +0a(g) — PbO(s) + S0,(g)

Na;803(ag) + S(s) — N8,8,04(ag)

Cl(g) + 2KBr(ag) — Bry(/) + 2KCl(ag)

4Cr(s) + 30.(g) —» 2Cr;04(s)

Pi(s) + 6Ha(g) — 4PH,(g)

2A1(5) + 3H;504(ag) ~> Ab(SOs(ag) + 3Hyg)
PCLi() + 3H,0() — H;POy(ag) + 3HCl(ag)
2804(g) + Ox(g) - 2804(g)

CrHie(l) + 1104(g) — 7COx(g) + 8H,0(g)
2C;He(g) + 70:(g) —» 4CO,(g) + 6H0(g)

& »

Cl(e) + 2KX(ag) — 2KCl(ag) + I(s)
CaCy(s) +2H,0() —> Ca(OH),(s) + C,Hy(g)
2NaCl(s) + H,SO4(l) — Ne;S04(s) + 2HCl(g)
CaFy(s) + HaSO4(l) — CaSO4(s) + 2HF (2)
K2COs(s) - K,0(s) + COy(g)

3Ba0(s) + 2Al(s) — ALOs(s) +.3Ba(s)
2A1(s) + 3By(g) —> 2AIFy(s)

CS:(g) +3Chg) - CCL() + 8,Cly(e)

®

SiCli()) + 2Mg(s) — Si(s) +2MgCly(s)
b.  2NO(g) + Cly(g) — 2NOCl(g)
€. 3MnOy(s) + 4Al(s) —» 3Mn(s) + 2A1,04(s)
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16Cr(s) + 3S4(s) — 8Cr,Ss(s)

4NHs(g) + 3Fy(g) — 3NH4F(s) + NF;(g2)
Ag>8(s) + Hy(g) — 2Ag(s) + HaS(g)
30,(g) — 204(g)

8Na;S04(ag) + Sg(s) —» 8NaxS205(ag)

Pb(NO:):(ag) + KoC1O4(ag) —» PbCrO(s) + 2KNOs(ag)
BaCly(aq) + Na;SO4(ag) — BaSO(s) + 2NaCl(ag)

2CH;0H()) + 304(g) — 2CO,(g) + 4H,0(g)

Na;COs(ag) + S(s) + SOx(g) — CO(g) +NagS;05(ag)

Cu(s) + 2H,804(ag) — CuSO4(ag) + SO4(g) + 2H,0())
MnOy(s) + 4HCl(ag) —» MnCly(ag) + Cly(g) + 2H,0())

As;04(s) + 6K1(ag) + 6HCL(aq) — 2Asly(s) + 6KCl(ag) + 3H,0()
2Naz8;04(aq) + Io(ag) — NazS404(aq) + 2Nal(ag)
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