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Strong Weak

Binary Acids hydrochloric acid, hydrofluoric acid, HF(24)
HCl(ag)

Oxyacids nitric acid, HNOj3, other acids with the general formula
sulfuric acid, H,SO, | H.X,O,

Organic acids None acetic acid, HCyH30O», and others

Tl Wygo 4 4 Lijelld 09,5 g0 (ol jo (goswl ©ya8 cud )5
gl p) g0 A (lel (o0 1) Louw! (ouST (S J g 5
H-O-Z

01 (Gl CoolS ol buato Z &y ¢y 3umaST 32, 5145 (59,008 ol 92559 Sl ke S Z 1 y0 a5
e b SO Canl oo Lol (w1 .abb faso Z 4 9510 Wigw (89 b 31 (6 yiiion (SLes TS| ]y 00
0,15 (St (olge az dy sl (oS ST (Gumwl @508 Loy pla g sl Ao (ol (59 yuud

2090 dl 49 Wigd (o0 Jo O 53 315 (omdVIgS (SleusS yii (B9 4T 0S4 g) (290 (Lol (6,105

(W (o0 Sy dbog po

Formula Named as Binary Acid Named as Binary

Covalent Compound Formula acid

HF or HE(g) hydrogen monofluoride or | HF(ag) hydrofluoric acid

hydrogen fluoride
HCl or hydrogen monochloride HCl(aq) hydrochloric acid
HCl(g) or hydrogen chloride
HBr or HBr(g) | hydrogen monobromide HBr(ag) hydrobromic acid
or hydrogen bromide
HI or HI(g) hydrogen moniodide HI(ag) hydriodic acid

or hydrogen iodide
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Oxyanion | Oxyanion | Oxyacid Oxyacid Name

Formula Name Formula

NO3~ nitrate HNO; nitric acid

CyH309~ | acetate HC;H30; | acetic acid

SO4% sulfate H,SO4 sulfuric acid
(Note that the whole name sulfur is
used in the oxyacid name.)

COz% carbonate | HyCOj3 carbonic acid

PO~ phosphate | H3PO4 phosphoric acid

(Note that the root of phosphorus in
an oxyacid name is phosphor-.)
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Before
dissociation

After
dissociation

Relative number of moles

HA

Strong acid: HA(g or /) + H,0(/) — H;0*(aq) + A(aq)
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Relative number of moles

HA HA  H,0* A

\
Weak acid: HA(aq) + H,0()) <= H,0"(ag) + A(aq)

K = [H;07][A] stronger acid — higher [H;O"]
° [H,0][HA] - ' larger K,

[H;07][A]

K. [H,0] =K, =
oH20] ? [HA] smaller K,— lower [H;07]

—  weaker acid
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Figure 18.11  The effect of atomic and molecular properties on
nonmetal hydride aciVity.
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Figure 18.12 The relative strengths of oxoacids.
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[LLIERE Y K, Values for Some Monoprotic Acids at 25°C

Name (Formula) Lewis Structure* K,
Chlorous acid (HCIO,) H—O—Cl=0 Lix16™>
Nitrous acid (HNO») H—O—N=0 7.0x1074
Hydrofluoric acid (HF) H—F: 6.8%10 %
Ho H
Formic acid (HCOOH) H—tlsl—{:}—H [.8X10™*
1 £
Acetic acid (CH;COOH) H—Cl}-C—O—H 1.8X1073 g
) o
b L z
Propanoic acid (CHyCH,COOH) 'H—C—C—C—8—H 1.3%1073 (=]
bk =
Hypochlorous acid (HCIO) H—O—Cl: 2.9%107"
Hydrocyanic acid (HCN) H—C=N: 6.2x107 0

*Red type indicates the ionizable proton; all atoms have zero formal charge.
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Molecules as Lewis Acids

An acid is an electron-pair acceptor.

A base is an electron-pair donor.

-

+F= H *Fe
P~ __ ] A
LN, T B
A 5 % i v,
o, B H » 3 \%
** -‘F‘: H :.Fp. :.Ii: H H
acid base adduct

Sample Problem 18.15 Identifying Lewis Acids and Bases

PROBLEM: Identify the Lewis acids and Lewis bases in the following reactions:
(a) H* + OH- ==H,0O
(b) CI- + BCl;=—=DBCl,"
(c) K* + 6H,O0==K(H,0)¢*

PLAN: Look for electron pair acceptors (acids) and donors (bases).

SOLUTION: acceptor
(@) H*+ OH- —= H,;0

donor

donor

(b) CI- + BCl, == BCl,’

acceptor
acceptor

(c) K*+ 6H,0 === K(H,0);*
I donor
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Iues of Some Hydrated Metal lons at 25°C

Free lon Hydrated lon K,

Fed* Fe(H,0)s%*(aq) 6 x 103

Sn2* Sn(H,0)¢2*(aq) 4x104

cr3+ Cr(H,0)%*(aq) 1x104

AP+ Al(H,0)¢**(aq) 1x10°5 g
Cuz* Cu(H,0)¢*(aq) 3x10°¢ E
Pb2* Pb(H,0)s2*(aq) 3x10°¢ 7
Zn2* Zn(H,0)¢2*(aq) 1x10° §
Co?* Co(H,0)s%*(aq) 2 x10°

Ni2+ Ni(H;0)62*(aq) 1 x 10-1° ]

Figure 18.13

Electron density
drawn toward Al**

The acidic behavior of the hydrated AI3* ion.

Al(H,0)¢**

Nearby H,0O acts

\as base

&
H,0
A

H,0*

Al(H,0);0H?*
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Sample Problem 18.5 Predicting the Net Direction of an Acid-Base
Reaction

PROBLEM: Predict the net direction and whether K, is greater or less than 1
for each of the following reactions (assume equal initial
concentrations of all species):

(a) H,POs(ag) + NHy(aq) === HPO,*(aq) + NH,*(aq)

(b) HO(/) + HS*(aq) === OH(ag) + H,S(aq)

PLAN: Identify the conjugate acid-base pairs and then consult Figure 18.9
(button) to determine the relative strength of each. The stronger the
species, the more preponderant its conjugate.

SOLUTION: (a) H,PO4(ag) + NH;(ag) == HPO,%(ag) + NH,*(aq)
stronger acid  stronger base,  weaker base weaker acid

Net direction is to the right with K, > 1.
(b) H,O() + HS(ag) == OH(ag) *+ H,S(aq)

weaker acid weaker base stronger base . stronger acid

£l Net direction is to the left with K. < 1.
18-24



Figure 18.9

Strengths of
conjugate acid-
base pairs.
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The acid in the paper used to make some
books damages the paper and leaves it brittle.
The paper in the book above was made with a
process that left the paper acidic.
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Figure 18.10 Abstraction of a proton from water by methylamine.
Lone pair

binds H*
H,O

/—\
CH;NH;* OH-
. methylammonium ion I
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+

CH;NH,

methylamine

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Table 18.6 B8 ﬁlues for Some Molecular (Amine) Bases at 25°C

Name (Formula) Lewis Structure* K,
TTT L
Diethylamine [(CH;CH,),NH] H—?—?—N—?—?—H 8.6x1074
H H H H
T
Dimethylamine [(CH3),NH] H—(i‘.—N—CI‘.—H 59%1074
H H
H
. [ Y 4
Methylamine (CH;NH,) H—G—Hi—H 4.4X10 g
H H 11]
14
Ammonia (NHz) H—fF'I—H 1761075 =
- w
2
Pyridine (CsHsN) (O 1.7x107° o
"
Aniline (CqHsNH,) @N—H 4.0x1071°

*Blue type indicates the basic nitrogen and its lone pair.





