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Pure water does not A nonelectrolyte solution An electrolyte solution
conduct electricity. does not conduct electricity. conducts electricity.

Pure water, Sucrose solution, Sodium chloride solution,
H,O(l) C;,H,,044(ag) NaCl(aq)

A Figure 4.2 Completion of an electrical circuit with an electrolyte turns on the light.
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H,O molecules
separate Na™ and CI~
ions from solid NaCl.

Na® and CI™
ions disperse
throughout the
solution.

-

H,0O molecules surround
Na* and CI™ ions. 3

(a) Ionic compounds like sodium chloride,
NaCl, form ions when they dissolve.
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CH3;COOH(aq) = CH3COO (aq) + H"(aq)
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Pb(NO3),(aq) + 2KI(aqg) — Pbl,(s) + 2 KNO3(aq)
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TABLE 4.1 Solubility Guidelines for Common Ionic Compounds in Water

Soluble lonic Compounds

Important Exceptions

Compounds containing NOj3
CH3CO0O"~
Ccr
Br™
r
SO,

None

None

Compounds of Ag", Hg,*", and Pb*"
Compounds of Ag®, Hg,?*, and Pb>*
Compounds of Ag", Hg,*", and Pb*"

Compounds of Sr>*, Ba**, Hg,?", and Pb**

Insoluble lonic Compounds

Important Exceptions

Compounds containing §*
CO#
PO
OH™

Compounds of NH,", the alkali metal cations, Ca®", Sr?*, and Ba®*
Compounds of NH," and the alkali metal cations
Compounds of NH," and the alkali metal cations

Compounds of NH,", the alkali metal cations, Ca®", Sr?*, and Ba*"
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Example: AgNO3(aqg) + KCl(aq) — AgCl(s) + KNO3(aq)
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BaCl,(aq) + K;SO4(aq) — BaSOy(s) + 2 KCl(agq)
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Pb*"(aq) + 2NO3 (agq) + 2K*(aq) + 21 (aq) —
Pbl,(s) + 2K"(aq) + 2NO3 (aq)
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CaCly(aq) + Na,CO3(aq) — CaCOs3(s) + 2NaCl(aq)
Ca*"(aq) + 2Cl (aq) + 2Na'(aq) + COs* (aq) —
CaCOj3(s) + 2Na'(aq) + 2Cl (aq)

Ca*"(aq) + CO5* (aqg) — CaCO;(s)
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Hydrochloric  Nitric acid, Sulfuric acid, Acetic acid,
aCid, HCl HNO3 H2804 CH3COOH

» Figure 4.6 Molecular models of four
common acids.
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H,O(l) + NH3(aq) == OH (aq) + NH4"(aq)
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TABLE 4.2 Common Strong Acids and Bases

Strong Acids Strong Bases

Hydrochloric acid, HCI Group 1A metal hydroxides
Hydrobromic acid, HBr [LiOH, NaOH, KOH, RbOH, CsOH]
Hydroiodic acid, HI Heavy group 2A metal hydroxides

Ca(OH),, Str(OH),, Ba(OH
Chloric acid, HCIO; [Cal Ok, Sr{OH Jg, Ba{ UH 5]

Perchloric acid, HCIO,
Nitric acid, HNO;
Sulfuric acid (first proton), H,SO4
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TABLE 4.3 Summary of the Electrolytic Behavior of Common Soluble Ionic
and Molecular Compounds

Strong Electrolyte Weak Electrolyte Nonelectrolyte

Ionic All None None

Molecular Strong acids (see Table 4.2) Weak acids, weak bases ~ All other compounds
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HCl(aq) + NaOH(aq) — H,0O(l) + NaCl(aq)
(acid) (base) (water) (salt)

H"(aq) + Cl”(aq) + Na“(aq) + OH (ag) —
H,O(l) + Na*(aq) + Cl (aq)
H"(aq) + OH (aq) — H,O(I)
Mg(OH),(s) + 2HCl(aq) — MgCl,(aq) + 2 H,O(I)
Mg(OH),(s) + 2H"(aq) — Mg**(aq) + 2 H,O(!)
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2 CH3;COOH(aq) + Ba(OH),(aq)
—> 2H,0(I) + Ba(CH;CO0),(aq)
dolSJl A3l doleal .o
2 CH;COOH(aq) + Ba*"(aq) + 20H (aq)
— 2 H,0(I) + Ba**(aq) + 2 CH;COO (aq)
d8lall digydl dsleall .z

CH3COOH(aq) + OH (aq) — H,O(I) + CH;COO (aq)
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2 HCl(aq) + Na,S(aq) — H,S(g) + 2NaCl(aq)
2H"(aq) + $*(aq) — H,S(8)

HCl(aq) + NaHCO3(aq) — NaCl(aq) + H,COj3(aq)
HCl(aq) + NaHCO3(aq) — NaCl(aq) + H,O(l) + COy(g)
H"(aq) + HCOj3 (aq) — HyO(I) + CO4(g)
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A Figure 4.11 Familiar corrosion products. (a) A green coating forms when copper is oxidized.
(b) Rust forms when iron corrodes. (¢) A black tarnish forms as silver corrodes.
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/n(s) + 2HBr(aq) — ZnBry(aq) + Hy(g)
Mn(s) + Pb(NO3),(ag) —> Mn(NOs),(aq) + Ph(s)
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2 Al(s) + 6 HBr(ag) — 2 AlBr3(aq) + 3 Hy(g)
2 Al(s) + 6 H"(aq) + 6 Br (aq) —

2 AlP*(aq) + 6 Br (aq) + 3Hy(g)
2Al(s) + 6 H"(ag) — 2 AI’"(aq) + 3 Hy(g)
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Metal Oxidation Reaction
Lithium Li(s) — Li*(aq) + e~
Potassium K(s) — K*(aq) + e
e L Barium Ba(s) — Ba®'(aq) + 2e”
.o.)u.uS}” CUQ.@.UJ u0L0.>J| L).O Calcium Ca(s) — Ca®(aq) + 2e"
Sodium Na(s) — Na'(aq) + e

UA.U.L'.!4.5t Jg.\)«” ug LJL).” Q-Q L‘QS Magnesium Mg(s) — Mg*(aq) + 2e”

| 5. | - 0 da ';}“ . Aluminum Al(s) — Al**(ag) + 3e~
.,Jg.&.?c.l U,Ld U_Q 0.)9._>940J u.)Ls‘boJ Aodod | duduw PP —— Mn(s) —> Mn*(aq) + 2~
Zine Zn(s) — Zn*"(aq) + 2e” \ ;
Chromium Cr(s) — Cr**(aq) + 3¢ g
. . . . Iron Fe(s) — Fe?"(aq) + 2e” B
dglall yolaall g
? 9-LQJ U dm Cobalt Co(s) — Co*'(ag) + 2e~ E
o
. - BRI . . Nickel Ni(s) — Ni*"(aq) + 2e” =
Y1 Lo dnlyill Lglall paleall — i
Lo £ s . :S Lead Ph(s) —> Pb*'(aq) + 2e
J'c Le"l §| !CUQG : L5 Hydrogen Hy(g) — 2H(aq) + 2e
. . . P Copper @ — Cu?t 2e”
ol OLSyall eST Lle 8ya8 51581 oleall Lol © ule) = Cuf*(ag) + 2
. - = Silver Ag(s) — Ag'(aq) + e
. . Mercury Hg(l) — Hg?*(aq) + 2e
il Goleadl e .
Gold Au(s) — Au*(aq) + 3e”
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Cu(s) + 2Ag*(aq) — Cu*'(aq) + 2 Ag(s)



Machine Translated by Google

Jbis3lg 83uS8l O3 claid.4

:JUoH2 . 0 GeSd poles 3l go Jelatll Gl 8006 bliil duabus 8 (uzg)yasgll Llel 83990l Golaall basl
H2 1 (peSiHCI(@q) goNi Jeloiy

Ni(s) + 2HCl(aq) — NiCl,(aq) + H,(g)
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Mg(s) + FeCly(aq) — MgCl,(aq) + Fe(s)

Mg(s) + Fe?*(ag) —> Mg*"(aq) + Fe(s)
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M CaZt — OOZSmOl Ca(NO3), 1 mol Ca%* 0025 M
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n

M=—
VL,

n = MV, = (0.500)(0.350) = 0.175 mol

m

T UM

m = (n)(MM) = (0.175)(142.04) = 249 g
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moles solute in conc soln (n.) = moles solute in dilute soln (ny)

M Ve = MgVy
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M Ve = MgVy

_ MgVq  (0.10)(450)

— 15 mL
M. 3.0 o

Ve
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HNO3 S )0 y3900.100 (1o J025.0 suusi) dojWICa(OH)2 wloby> sac b

2 HNO;(aq) + Ca(OH),(s) — 2H,0(I) + Ca(NO3),(aq)

n

M=—
VL,

n HNO5; = (M) (V) = (0.100)(25.0 x 1073) = 0.00250 mol

1 mol Ca(OH),
n Ca(OH), = 0.00250 mol HNO; > ol HNG = (0.00125 mol
3
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m

n=—-
MM

m = (n)(MM) = (0.00125)(74.10) = 0.0926 g




