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Objectives

= Define of acids and bases
= Concept of Sorensen's pH scale.

= Understanding different terminology such as Ampholytes, Aprotic,
etc

= |onization of Polyprotic electrolytes.
= pKa and pH calculation of aqueous solutions with different

composition
3
Theories Arrhenius Theory
= Arrhenius Theory Hal

= Arrhenius defined
= an acid as a substance that
liberates hydrogen ions
= and a base as a substance that

supplies hydroxyl ions on
dissociation in aqueous media.

HCl(agq) — H*(uq) + Cl (aq) NaOH(aq) — Na+(aq) + OH " (aq)

HCl ionizes in water, NaOH dissociates in water,
producing H* and CI- ions producing Na* and OH- ions
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Bronsted—Lowry theory

Conjugate Acid-Base Pair

1
[ \

= According to the Bronsted—Lowry Bronsted-Lowry Conjugate
theory Base Acid
7

= an acid is a substance, charged or /\

uncharged, that is capable of donating HO + N;3 —_ OH + NE,{

a proton, Hydroxide -
* and a base is a substance, charged or Water Ammonia o PABTIORATViOR
uncharged, that is capable of -
accepting a proton from an acid. u W
Bronsted-Lowry Conjugate
Acid Base

\ J
I

Conjugate Acid-Base Pair

= The strength of an acid or a base varies with the solvent.

= HCl is a strong acid but it is a weak acid in glacial acetic acid.
= Acetic acid, which is a weak acid, is a strong acid in liquid ammonia.

= Consequently, the strength of an acid depends:
1. notonly on its ability to give up a proton

2. but also on the ability of the solvent to accept the proton from the acid.
This is called the basic strength of the solvent.
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In the Bronsted—Lowry classification, acids
and bases may be

=anions such as HSO4- and CH3COO-,
=cations such as NH4+ and H30+,
=or neutral molecules such as HCl and NH3.

=\\ater can act as either an acid or a base and
thus is amphiprotic.

Solvent classification

1. A protophilic or basic solvent |
v is one that is capable of accepting protons from the solute. Eg. acetone, ether, and | g
Tiquid ammonia.
2. A protogenic solvent
v'is a proton-donating compound and is represented by acids such as formic acid,
acetic acid, sulfuric acid, liquid HCI, and liquid HF.
3. Amphiprotic solvents

\/alct ahs tl)oth proton acceptors and proton donors, and this class includes water and
alcohols.

4. Aprotic solvents,
v’such as the hydrocarbons, neither accept nor donate protons, and, being neutral in
this sense, they are useful for studying the reactions of acids and bases free of
solvent effects.
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Proteolytic reactions or protolysis.

= Acid-base reactions occur when an acid reacts with a % =

base to form a new acid and a new base, called
conjugates. So it is the reaction that involve a transfer
of a proton, and are known as protolytic reactions or
protolysis. Proton transfer reactions are also known
as protonation—deprotonation reactions.

Acid, Baseo Acids Base,
hydronium ion.

Several examples illustrate these types of
reactions, as shown in Table 7-1.

TABLE 7-1. Examples of Acid—-Base Reactions

Acid, Base, Acid, Base,
Neutralization H3;0* + OH~ = H,0 + H,0
Neutralization HCI + NH; = NH," + CI7
Hydrolysis H 0 + CHiCO0™ = CH3;CO0H + OH-
Hydrolysis NH,* + H,0 = H30* + NH;
Displacement HCI + CHiCO00~™ = CH3COOH + CI°

10
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Lewis Electronic Theory.

= According to the Lewis theory, an acid is a

. BF, can ctasa Lewis acid:
molecule or an ion that accepts an electron | @it abovis al

pair to form a covalent bond.

= A base is a substance that provides the pair @
unsha!red equtrons by‘which the base F H
coor.dlna.tes with an acfld. | . F;B 'NH E\, F

= Lewis acid eg boron trifluoride and aluminum v i v
chloride,

= Lewis base eg amines, ethers, and carboxylic
acid anhydrides, are classified as bases Acid Base

—+

il
BN K
F il

according to the Lewis definition.

11

11

» The Lewis acid theory is widely used for describing the mechanism o

many organic and inorganic reactions.

® |t is referred to simply as a form of electron sharing rather than as
acid—base reactions.

= |t will be important in solubility and complexation.

= The Brgnsted—Lowry nomenclature is particularly useful for
describing ionic equilibria and is used extensively in this chapter

12
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Sérensen's pH

= H ion concentration of a solution varies from approximately 1ina 1
M solution of a strong acid to about 1 x 10-14 in a 1 M solution of a
strong base

» The pH of a solution can be considered in terms of a numeric scale
having values from 0 to 14, which expresses in a quantitative way the
degree of acidity (7 to 0) and alkalinity (7-14).

= The value 7 at which the hydrogen and hydroxyl ion concentrations
are about equal at room temperature is referred to as the neutral
point, or neutrality. The neutral pH at 0°Cis 7.47, and at 100°C it is
6.15.

13

13

lonic Equilibria

= Equilibrium can be deffined as a balance between two opposing
forces or actions. TRUE or FALSE?

» This statement does not imply cessation of the opposing reactions.
Rather, it suggests a dynamic equality between the velocities of the
two reactions. Tor F?

= Equilibrium is the condition where the standard free energy
difference between the two sides of reaction equation (7-4) is zero
(AG°=0).TorF?

14
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- LY Ll L]
Ion lc Eq u l I lbrla The arrows pointing in the forward and reverse

directions indicate that reactions are proceeding
to the right and left simultaneously

HAc + H,O = H;0" + Ac

Acid, Base, Acid, Base, (7-4)

Rate of forward = 4, x [HA¢]' x [H;'OJI
Rate of backward = ks x |H:0*]' x [Ac™|'

At equilibrium k) x [HAc] x [H20] = k> x [H:0] x [Ac™]

15

ki _ [HO*JIAC]
“ ke [HACIHO]

* Mwt of H20=18.02g/L

* In dilute solutions of acetic acid, water is in suffcient excess to be
regarded as constant .

* 1L of H20 at 25°C weighs 997.07 g,

* Thus, the conc. Of H20=997.07/18.02 = 55.3 M).

* [H20]=55.3 M

[H30+ J[AC B ] Ka : ionization constant or or the
Ka ES 553/« = dissociation constant of acetic acid

[HAc] |

At large conc. Of water (diluent)

16
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H;O0"][Ac™
A I L il )
[HAC]
..
HAc + H>O = H;O" + Ac™ K — A
ot i . a —
(c — x) rox C — x
where c is large in comparison 2 5
with x. The term ¢ —x can be o X “=K,¢
replaced by c without =" Ka | [—
appreciable error, giving the ¢ X = [H3O+]= \lKaC
equation
17

EXAMPLE 7-1

® |n a liter of a 0.1 M solution, acetic acid was found by conductivity
analysis to dissociate into 1.32 x 10-3 moles each of hydronium and |
acetate ions at 25°C. What is the acidity (or dissociation) constant Ka
for acetic acid?

=HW

18
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HR+d2o =B7Hz0 R

Relationship Between K, and K b@'—v“ Hzo = BH+ofikes

A simple relationship exists between the dissociation constant of a
weak acid HB and that of its conjugate base B-, or between BH+ and B,
when the solvent is amphiprotic. This can be obtained by multiplying

the following equations: _ [H:0"][B7] ok [OH" |[HB]
' [HB] B
KK, = (H:O7[IB"] [OH"][HB] _ [HsO*|[OH"| = K,

[HB] IB~]

K=Ku/Ky K, =K, /K,
K,- known as the autoprotolysis constant, or the ion product of

water

19

19

EXAMPLE 7-4
Calculate Ka

= Ammonia has Kb = 1.74 x 10-5 at 25°C. Calculate Ka for its conjugate

acid, NH4+. We have

¢ - K. _100x107™
* K, 174x107

=575x107"°

20
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lonization of Polyprotic Electrolytes.

= Acids that donate a single proton and bases that accept a single
proton are called monoprotic electrolytes.

= A polyprotic (polybasic) acid is one that is capable of donating two or
more protons, and a polyprotic base is capable of accepting two or
more protons.

= A diprotic (dibasic) acid, such as carbonic acid, ionizes in two stages,
and a triprotic (tribasic) acid, such as phosphoric acid, ionizes in three
stages.

® |n any polyprotic electrolyte, the primary protolysis is greatest, and

succeeding stages become less complete at any given acid
concentration.

21
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lonization of Polyprotic Electrolytes.

Hzh04 + HpO = Hy0" + HoPO,~ POS + H;0 = HPOZ + OH™
[H;PO,] =K =75x10 Ky = [I:O 3_] =48 x 1072
14

- = + 2-
H,PO;~ + H;0 = H30" + HPO, HP042_ + Hy0 = HoPO,~ + OH-

+ 2-
[Hs0 ][HP_O.: ) K, =62 x 108 x,, - [P0 JOH"]
[HyPO, "] % HPOZ]

2- _ + 3- . :
HPO4* + Hy0 = H30" + POy HyPO,~ + H;0 = H;PO, + OH-

+ 3-
[H30 ][P£4 ] — K3 =21 X 10—13 K = [H3P04][0H-]
(HPO,*"] ® [HPO,]

= 1,6 x 1077

=13x10°12

22
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Ampholvtes Zwitterion

* A species that can function either as an acid or as a base
is called an ampholyte and is said to be amphoteric in
nature. Amino acids and proteins are ampholytes of
particular interest in pharmacy.

* glycine hydrochloride is dissolved in water,:

*NH,CH,CO0H +H,0 == H,0* + *NH,CH,C00"

react as acid

Amphoteric with H20 —> *NH,CH,C00" +H,0= H,0" + NH,CH,C00"
compound react as base

ithH20 ~ — > "NH,CH,C00" + H,0= OH" + "NH,CH,COOH
Wi

23

23

= The amphoteric species +NH3CH2COO- is also called a zwitterion
because?

= Ans.: it carries both negative and positive charge; the whole molecule
is electrically neutral

24
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Isoelectric point (IEP)

® |t is pH at which zwitterion concentration at maximum

® |t has been used for determination of protein and amino acids.
=" The molecules have ------------- solubility at IEP.

= The net charge of a molecule at its IEP is ----------- .

® Charge of a molecule at pH above its IEP is ----------- and below is ----

e.g. pH of milk 6.6 (casein IEP=4.6)

25

25

Solutions containing Strong acids

= Strong acid concentration of H is equal to initial concentration of
acid. Thus, they are considered to ionize fully in aqueous solutions.

26

26
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Solutions containing Only a Weak Acid

= Conc. of base (Cb) is zero.
= [H30+] is generally much greater than [OH-]

(H,0']= w R s \/Kaz +4K,C,

2

In many instances ,Ca is much greater than [H30+], and the eq
simplifies further to :

[H:0"] = VK.G

27

EXAMPLE 7-12
calculate the pH

= Calculate the pH of a 0.01 M solution of salicylic acid, which has Ka
1.06 x 10-3 at 25°C.

(a) Using equation (7-102), (b) Using equation (7-101), we find

(H,0']= K4 T 44KLC,
[H:0"] = VK.G, ' z

. 1.06 x 107
N - — [H,0']= _(1.06x107)
[H,0"]= /(106 X10) x (1.0 107%)
=326%x10" M =0.00326M - V(1,06 X 107) +4(1.06 x107)(1.0 X 10°%)
2
Compare to the conc of acid, The =277x10° M
sgl?;ommatlon that Ca >> [H30+] is not pH =—log(2.77 x10™*) = 2.56

28
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EXAMPLE 7-13
Calculate pH

= Calculate the pH of a 1 g/100 mL solution of ephedrine sulfate. The
gﬂglecluolarsweight of the salt is 428.5 g/mol, and Kb for ephedrine base is
.3 x 10-5.

= (a) The ephedrine sulfate, (BH+)2S04, dissociates completely into two BH+
cations and one SO42- anion. Thus, the concentration of the weak acid
(ephedrine cation) is twice the concentration, Cs, of the salt added.

[H:011=VKG C=20= 2 iy
" 4285 g/mole
K= K, /K ' '
S PSRN Al asumptions ar vald. We have
23x10 —
« [H,0"]=/(435x10™) x (467 x10° pH=-| ol 1435
=451 10 M |
29

Solutions Containing Only a Weak Base

= Conc. Of acid (Ca) is zero,
= and [OH-] is generally much greater than [H30+].

-Ky +\/—sz +4K,Cy

[OH™]= 5

and if Cb is much greater than [OH-], which is generally true for
solutions of weak bases,

[OH™]={KCy

30
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EXAMPLE 7-14
Calculate pH

What is the pH of a 0.0033 M solution of cocaine base, which has Kj,
= 2.6 x 10-6? We have [[oH] = JKCo

[OH )= (2610 (3.3x107)
=926x10"° M

All assumptions are valid. Thus,

pOH =-10g(9.26x10*)= 4.03
pH =14.00-403=9.97

31

Solutions Containing a Single Conjugate
Acid—Base Pair

® |n a solution composed of a weak acid and a salt (conjugate base) of
that acid (e.g., acetic acid and sodium acetate)

= or a weak base and a salt (conjugate acid) of that base (e.g.,
ephedrine and ephedrine hydrochloride),

= Ca and Cb are generally much greater than either [H30+] or [OH-].

K,C
[H0']=—2=

b

32
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EXAMPLE 7-16
Calculate pH

What is the pH of a solution containing acetic acid 0.3 M and
sodium acetate 0.05 M? We write

K,C, | Tt ;

[H;0*] = =22 [H,O*l=(lysxm )j(os)
h 50x10
=1.05x10' M

All assumptions are valid. Thus,

pH = —log(1.05 x 10-4) = 3.98

33

EXAMPLE 7-17
Calculate pH

What is the pH of a solution containing ephedrine 0.1 M and
ephedrine hydrochloride 0.01 M? Ephedrine has K;, = 2.3 x 10-5;

thus, K, for its conjugate acid is 4.35 x 1010,

K.C
e L

435%10™) % (1.0x107%)
1.0x10™
=435%x107™"

All assumptions are valid. Thus,

pH = —log(4.35 x 10-11) = 10.36

34



University of Basrah college of pharmacy - 25 « A ¢ 45 05
Department of Pharmaceutics

Solutions Containing Two Weak Acids

® |n systems containing two weak acids, Cb1 and Ch2 are zero,

® For all systems of practical importance, Cal and Ca2 are much greater
than K1 and K2, so the equation simpli es to

[H;0*)? +[H,0%](K, + K;)
- (chal +cha2)=0 (7-126)

If C;; >> [H30+] and C,, > > [H30+], the equation simplifies

to
[H;0*]=yK,Cy + K2Cy (7-127)
EXAMPLE 7-21
Calculate pH

What is the pH of a solution containing acetic acid, 0.01 mole/L,
and formic acid, 0.001 mole/L? We have [pion— vserrcs

[H,0']=(L75X10%)(L0X10%)+ (177 x10™) L0107
=593x107' M
pH=-log(593x10™)=323

36
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Solutions Containing a Salt of a Weak Acid
and a Weak Base

= The salt of a weak acid and a weak base, such as ammonium acetate,’
dissociates almost completely in agueous solution to yield NH4+ and
Ac—, the NH4+ is an acid and can be designated as HB1, and the base
Ac- can be designated as B2- in equations .

= [n most instances, however, Cs >> [H30+],

[H30+]= \/Kle

37

—

EXAMPLE 7-22 NH,* + ACC = HAc + NH.

Calculate pH Acid, Base, Acid, Base,

Calculate the pH of a 0.01 M solution of ammonium acetate. The
acidity constant for acetic acid is K, = K, = 1.75 X 10-5, and the

basicity constant for ammonia is K;, = 1.74 x 10-5. (a) K; can be
found by dividing K}, for ammonia into K:

. 14
[H:0*] = VK K3 K, =%= 5.75%107™"
[H,0%]= /(575 % 107°) x (1.75 X 10™*)
=1.00x107 M

Note that all of the assumptions are valid. We have

pH=—1log(1.00 x1077)= 7.00

38
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Solutions Containing a Weak Acid anda Weak Base

HCﬁHjOTZ‘ + H2P04- = H;PQ, + CﬁHs-D;'El-

Acid, Base; Acida  Baser |g,0t)=.K K,
EXAMPLE 7-24
Calculate pH

What is the pH of a solution containing NaH,; POy and disodium
citrate (disodium hydrogen citrate) Na-HCsH;05, both in a con-
centration of 0.01 M? The third acidity constant for HCzHs;0+* is
4.0 % 10~7, whereas the first acidity constant for phosphoric acid is
7.5 x 1073, We have

[H;0™] = /(4.0 x 10-7) x (7.5 x 10-3)
=548 x 10°M

All assumptions are valid. We find
pH = — log(5.48 % 10~%) = 4.26

39

lonic strength

lonic atmospheres ~ counter cations

counter anions in in area shield
area--shield positive negative charge
charge! /
R o+
Cation Anion

40
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lonic strength

® jonic strength---1 or u ---a measure of the total ion concentration
in solution----but ions with more charge are counted more due to
stronger electrostatic interactions with other ions (l.e., can influence
the increase “ionic atmosphere” greater than singly charged ions)

1 S .2 : : .
H=— C.Z; where c; is conc. of i species
2 i and z; is the charge on ih species

What is ionic strength of 0.01 M NacCl solution?
p = 1/2 ([Na"]zy,? + [Cl-]z¢? ) = 1/2 (0.01 (1)? + 0.01(-1)?) = 0.01 M

What is ionic strength of 0.01 M Na,SO, solution?
p = 1/2([Na*]zy,? + [SO, 225042 = 1/2(0.02 (1)?> + 0.01 (-2)?) = 0.03 M
#

41

41

Effect of lonic Strength on Acidity Constants

s % . & =
HB + H,0 = H;0 ++B For zwitterion molecule
g — o + g [H;O"][B] yHiO%p
e ' P 0Slym
O'HR [HB] VHB pK| =pk,+ T — K

For monotropic molecule

0.51. /12
e T ke
e

pK’ — pK + 0.51(2Z — DV !

1+ Ve

K =Salting in constant=0.32 for

amino acid in water

42
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Calculate pH
Calculate the pH of a 0.01 M solution of acetic acid to which enough

K.CI had been added to give an ionic strength of 19,1 M at 25°C. The
PR, for acetic acid is 4.76.

IS =
(a) pK,=pK+W oK — 4.76 — h.510.10
14+ +v0.10

— 4.76 — 0.12 = 4.64 ——
- - S = i . (C,—[HO"]+[OH])
(b) Taking logarithms of equation (7-99) gives [H07]=K, =T =0 S

1
pH = S(pK; —log Cu)

in which we now write pK, as pK’,;:

|
PH = 5(4.64 + 2.00) = 3.32 .
43
EXAMPLE 7—28
Calculaie pil
Calculate the pH of a 103 M solution of glycine at an jionic strength |
of 0.10 at 25°C., The piK, wvalues for glycine are pK,; — 2.35 and

pkK: — 9.78.
0.51+/0.10
— 0.32¢(0.10)

) K! — 2.35 -}
i 1+ ~0.10
= 2.35 + 0.12 — 0.03 — 2.44
(b pKiI — 9.78 — Mol D10 4 0.32(0.10)
= I+ ~0.10

.78 —0.12 |+ 0.03 = 9.69
() Taking logarithms of eguation {(7—1 18) gives

I

pH = ;{'pﬁ'a + pK2) [H:0"]= JK,K,

1
= 5(2.44 + 9.69) — 6.07 .

44
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