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Summary & 15’s Acids and Bases Problems with Solutions

Acids and Bases
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A Lewis acid i | @\N (molecule g@)&t Q\ accept a pair of electrons, and a Lewis
base |9‘x @aes molecule

A Lewis acid-base reaction occurs when a base donates a pair of electrons to an acid. A

t can donate a pair of electrons.

Lewis acid-base adduct, a compound that contains a coordinate covalent bond between

the Lewis acid and the Lewis base, is formed.

The boron atom in boron trifluoride, BF 3, has only six electrons in its valence shell. Being
short of the preferred octet, BFsis a very good Lewis acid and reacts with many Lewis bases;

afluoride ionis the Lewis base donating one of its lone pairs:
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Relative Strengths of Acids and Bases
The reaction of an acid with waters:

HA(q + H20(0) < H3O%(ag) + A'(aq)

Water is the base that reacts with the acid HA, A" is the conjugate base of the acid HA, and
the hydronium ion is the conjugate acid of water. A strong acid yield 100% (or very nearly
so) of H3O*" and A" when the acid ionizes in water. A weak acid gives small amounts of H3O*
and A~

The equilibrium constant for an acid is called the acid-ionization constant, Ka:

[H30%][A7]

Ka=—"Tha]

reaction, it is the solvent as well, so we do not include [H20] in the equ rger the
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Where the concentrations are those at equilibrium. Although water is a reﬁtant in the
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squti$T(h%§ﬂ8 Bronstae§ with water is given by:

|)<:>HB aq)+OH (aq)

Water is the acid that reacts with the base, HB* is the conjugate acid of the base B, and the
hydroxide ion is the conjugate base of water. A strong base yields 100% (or very nearly so)
of OH and HB* when it reacts with water.

We can measure the relative strengths of bases by measuring their base-ionization
constant (Kb) in aqueous solutions.

[HBY][OH™]
[B]

Consider the ionization reactions for a conjugate acid-base pair, HA-A":

Kb =

+1r A—
%) + H20() < H30%(aq) + £¢%q) K, = [H307][A7]
[HA]
[HA][OH]

Bt + HoO < OH (o) + HAGG) + Kp =

[A7]



2H20() & H30%(aq) + OH (aq)

_ [H30"1[A7] _ [HA][OH] _ . .
Ka X Kb = [HA] X [A] = [H3O ][ OH ] = Kw

The extent to which an acid, HA, donates protons to water molecules depend on the
strength of the conjugate base, A", of the acid. If A" is a strong base, any protons that are
donated to water molecules are recaptured by A". Thus there is relatively little A-and H30O*
in solution, and the acid, HA, is weak. If A" is a weak base, water binds the proton more
strongly, and the solution contains primarily A-and H3O*—the acid is strong. Strong acids
form very weak conjugate bases, and weak acids form stronger conjugate bases.

Strong Acid Weak Acid

e Completelyionized (o= 1) e Partiallyionized (O <o < 1)

e Example: HCI, HBr, HNOs3, H2SOg4, e Example: CH3COOH, H3PQ4, H2S, etc.
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Strong Base Weak Base

e Completelyionized (o= 1) e Partiallyionized (O <a < 1)

e Example: LiOH, NaOH, KOH, Ca(OH)2, e Example: Fe(OH)2, AI(OH)3, NH3, etc.
Sr(OH)2, Ba(OH), e Theionization reaction goes back and
T n . forth (reversible reaction)

. e ionization reaction proceeds one AlOH)zg < Al¥*uq + 30H mg)

way to the right (irreversible reaction)

NH3) + H20() < NHa"(aq) + OH"
NaOHaq) — Na*(ag) + OH(aq) 3(e) + M200) 4" (aq) (aq)

Acid and Base Reaction (Neutralization Reaction)

A solution is neutral when it contains equal concentrations of hydronium and hydroxide
ions. The following four situations with illustrate how solutions with various pH values can
arise following a neutralization reaction using stoichiometrically equivalent quantities:



than 5,0 x 107 M (ph > 8,3), it is red or pink. Substances such as phenolphthalein, which can

be used to determine the pH of solution, are called acid-base indicators.

Figure below present several indicators, their colors, and their color-change intervals.

Crystal violet

Cresol red

Thymol blue

Enythrosin B

2. 4-Dinitrophenaol

Bromphenol blue

Methyl orange

Bromcresol green

Methyl red

Eriochrome* Black T

Bromeresol purple

Alizarin

Bromihymaol @ xq
Phenal red

m-Mitraphenal

o-Cresolphthalein

Fhenolphthalein

Thymuolphthalein

Alizarin yellow R

* Trademark Ciha-Geigy




Or simply
NH4"(aq) << NH3(aq) + H*(aq)

Volume HCI
1 added (mL) pH
10 0.0 11.13
g 5.0 9.86
10.0 9.44
8 15.0 9.08
- 20.0 8.66
220 8.39
PH ¢ 24.0 7.88
| = Eq_uivalence - ——- —— . 250 5.28
PiNiN 26.0 270
HE | 28.0 222
]| = | 30.0 2.00
s i 35.0 1.70
W | 400 1.52
1 | 432)\( 1.40
| | | 1.30
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pH profile of a strong acid- weak base ti wQM Hc'gs dzr s added from a buret to 25.0 ml of a
y

0.100 M NHjs solution in an As a r sis, the pH at the equivalence point

is lower than 7. \e
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point, however, the neutralization is complete and the pH of the solution will
depend on the extent of the hydrolysis of the salt formed, which is CH3COONa.
The number of moles of NaOH in 10.0 mL is

0.100 mole NaOH 1L
10.0 mL X X =1.00x 103 mole
1L NaOH soln 1000 mL

The number of moles of CH3COOH originally present in 25.0 mL of solution is

0.100 mole CH3COOH 1L
25.0mL X X =2.50x 103 mole
1L CH3COOH soln 1000 mL

We work with moles at this point because when two solutions are mixed, the
solution volume increases. The molarity will change but the number of moles will
remain the same. The changes in number of moles:

CHsCOOH(aq) + NaOH(ag) — CHsCO I\Bagﬁ}éom
Initial 2.50x 103 1OOX103 \%

Change —1 OO x 103 +1 00x 1073
Equilibrium A 1.00x 103

?t \Jg\@é have?bcﬁ %em made up of CH3COOH and CH3COO~
fr

om the salt, CH3C ~pH of the solution:

[H*][C,H307]
[HC,;H30;]

Ka=18x107=

[1.5x1073][1.8 x 1075]
1.0x 1073

So, pH = —-log (2.7 x 10°) = 4.57

[H*] = =27x10M

15.What is the pH at each of the following points in the titration of 25.00 mL of
0.100M HCl with 0.100 M NaOH?

(a) Before the addition of any NaOH (initial pH)
(b) After the addition of 24.00 mL 0.100 M NaOH (before the equivalence point)
(c) After the addition of 25.00 mL 0.100 M NaOH (the equivalence point)



