PHYSICAL PHARMACY

MORPHINE ACADEMY
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Introduction
Many drugs are: o N

[
* Weak acids such a
YRR D

(¥ Distribution] unionized |drugs have high volumes of distribution and
protein binding

d Excretlong 10nlzed] drugs excreted more(readily.
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¥« =S “NH; + HCl - NH,+ CI | cusyes
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¢ |* Therefore; the Bronsted—Lowry theory\is more than

Arrhenilis Theory

* Arrhenius defined an acid as a substance that liberates
hydrogen ions, H" and a base as a substance that supplies
hydroxyl ions, OH™ on dissociation.

* However; Arrhenius deﬁnitioe basic
behavior of many compounds that do not contain hydroxyl
ions, OH

K_D

e\ a2

the Arrhenius theory for the representation of ionization in
both aqueous and non-aqueous systems.

Bronsted—Lowry Theory

* According to the Bronsted—Lowry theory, an acid is a
substance that is capable of donating a proton, and a base is
a substance that is capable of accepting a proton from an
acid.

Y ¥
+

H—Cit 4 (HQ) = i + HO
acid mso pg Conjugate [ Conjugate
base of acid of
\,J{ ; HCI H,0
/'—\ (v\. . & -
. NH3 + H———O0OH NH4 + .QH
base acid Conjugate Conjugate
acid of base of
NH, H.O
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LBriinsted—Lowry Theory

[+ The relative strengths of acids and bases are measured
protons:
ohy cooll == ch o5’ L H'
oA

— HCl is a weak acid in w

— CH3COOH is a strong acid in 1}@@%

give up a proton but also-on the ability of the solvent to
accept the proton from the acid.
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the tendencies of these substances to give up and take on

— HCl is a strong acid in water because it gives up its proton readily
— CH3COOH is a weak acid because it gives up its proton only to a

7/,./L
. The@of an acid or a base varies ‘with the solvent: —

* 1i.e. the strength of an acgg epends not only on its ability to

¥
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Bronsted—Lowry Theory

* Solvents can be class1ﬁed as protophlhc protogemc
CAmphiprotic, and aprotlc

A —r

J ~( » Protophilic or basic solvent is one that is capable of

NGRS

accepting protons from the solute (e.g. liquid ammonia
NH,).

Loz s _ (| Protogenic solventis'a proton donating compound (e.g.

acetic acid CH;COOH)

» Amphiprotic solvents act a roton acceptors and

proton donor (e.g.water H,0).

A ([ Aprotic solvents neither accept nor donate protons (e.g.

methane CH,).
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Lewis Electronic Theory
According to the Lewis theory:

* An acid is a molecule or an ion that accepts an electron
. 7 —~—~ e ————— ~————
_pair to form a €ovalent bond.

» A base is a substance that provides the pair of unshared
electrons to coordinate with an acid.

* Certain compounds such as BF; are considered acids
even when they are not protoén donors (do not contain
hydrogen).

* Other compounds such as ethers and NH; [are considered

bases even when they do no

: (’_-)B‘Z_U\},J Hrb\'?’_{/’“ﬂ' WG &7 @;Z\Eﬂl

: Lewis Electronic Theory
H F H F ci " o
| I I o CHy | CHs
H1\|@+ 1|3-F — HII\IjIISF Ll Elﬁoﬁi‘vuf” Z‘O\cm
F H/ F Acid Base

"l
 The Lewis systems is probably or

convenient application to ordinary azc/lyd-base reactions.

These reactions can be described as a form of electron
sharing rather than as acid-base reactions.
—_—  — — /O
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Ionization of Weak|Electrolytes
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Weak Acids
—
The ionization of akuncharged weak acid;))HA, in water:
HA  +H,0 HoO" + A womsdipiabosm
Acid 1 E}j\s‘eyl Acid 2 Base 2 . :\jw oo
e s The acidity constant K, is expressed as: e Hﬂ-A’Z
”Jj“ﬁpw__’ ; “vj’\):‘: ”:‘ - ] [H30+][ ] aootref's  Note: An acid and a base in equilibfium is
IIY) A= oy ~ Y e a= termed E.g. A-
otz S— U Lup 2’% Syt _[HA] % b is the conjugate base of the weak acid HA {
. . 1
e Ay ¥\ = L Fo 6 charged acid, BH*, the reaction is written as: "’”’U‘;@‘uj
AN, - 20 e
BOp M5 v, bu oo~ BH* + HO0 « H;0° B o :\J\\
W ol 09 & T Acid1  Base 1 Acid2  Base?2 G et
Dc_, - ),‘ s 3 c '7 "
o) &) G e 1 b f)) The acidity constant K, is expressed as : o -
Mb\’bﬁ;w«ﬁ“"“:’";: B [H307][B]
= s b2 Ve A a— [BH*]
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Ionization of Weak Electrolytes
Weak Bases
The ionization of an uncharged weak base, B, in water can be

1 - § Aad
written as: oy Bote o
B + H0 o OH- +(BH)
Base 1 Acid 1 Base 2 Acid 2

The basicity constant K, b is expressed as :

[OH ]BH+]A ley QpJD

[B] —k pv=<
For anionic base, A~ the reaction is written as:
—— \ B

Se S sasel.
A- + H,O o OH- HA
Base 1 Acid 1 Base 2 Acid 2
The basicity constant K, is expressed as :
[0OH][HA]
2 [A]
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Ionization of salts

¢ Salts are the non-water product of an acid base

and thus better aqueous solubility than weak acids and
bases.

L(»> Depending on the strength of the acid and base that form the

» Drug salts are often used due to their complete ionization;;,
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s (adi 60 P w0 salt, there are four possible types:
Ve oSy
(¥,Salt of strong acid and a strong base (e.g. NaCl)
* This salt dissociates to give ions that practically do not
consume or release protons. T
- E.g/NaCl| Na* + CI-
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Ionization of salts,

cid and\sitr_orﬁﬁaﬁ'(e g. NaOAc)

2. Salt of(w

il This salt dissociates into_ions; from which one acts as a base
o and consumes a proton to give its conjugate weak acid:
@ aOAc > Na* + OAc
¢ desay Qony bage
fach tRohc == Hosllehe Salt Base']—lﬂ © A \
OAc + H,0 &) HOAc + OH-
Basel  Acidl)  Acid2  Base2

Gwex

3. Salt of weak base and strong acid (e.g. NH,CI)

This salt dissociates into ions; from which one acts as a n acid

and releases a protqﬂ to glve its co Mjugate weak base:
N b

E.g. NH.CI — NH4+ k?+ CI‘
. ity Ny el
Salt Acidl & v Seuy 2ol
NH4* + H,O < NH; + H30*
Acid1 Base1 Base2 Acid?2
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4. Salt of weak acid and weak base (e.g. NH,OAc) % AN
This salt dissociates into ions; from which one acts as an acid
and the other as a base.

E.g. NH;,OAc — NH,* + OAc
Salt Acid 1 Base 1 )(\O'A
NHs + H,0 < NH; + H,0* iy BV
Acid 1 Base 1 Base 2 Acid 2
AcO~ + H,O <« AcOH + OH-
Base 1 Acid 1 Acid 2 Base 2
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Ionization of kPolyprotic Electrolytes)

Polyprotic acids canlose more than one H* ion.
E.g. Diprotic acids, such as H,SO, and H,CO;, which release
2 protons, and T7rprotic acids, such as H;PO, which

releases 3 protons.

Consider the ionization of the weak diprotic acid, H,CO; that
dissociates in two steps:

HCO3- + H20 <2 H30+ + C°32-
Two acidity constants is used to describe the two equilibrium:
. _ [Hs0"I[HCO,7] _ [H30%][€0,*7]

= [H,CO0;] o [HCO;™]

K, is larger than K,, because the polyprotic acid lose its first proton more
easily than the second (and third) proton.
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Ionization of Polyprotic Electrolytes

Polyprotic bases can accept more than one H* ion.
E.g. Diprotic bases, such as CO5%" which accepts 2 protons,
and Triprotic bases, such as PO,3~ accepts 3 protons.

Consider the ionization of the weak diprotic base, CO,? that
consumes protons in two steps:

CO;* +H,0 « OH +HCO,"

HCO,'" +H,0 « OH~ +H,CO,

Two basicity constants is used to describe the two equilibrium:

[OHT][HCO;™] [OH™][H,C0,]

MT TcoT 0 T T HCOy

Kp1 is larger than K, because the polyprotic base consumes its first
proton more easily than the second (and third) proton.
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a
s gém—Amphoiytes
» A species that can function either as an acid or as a
base is called an ampholyte and is said to be

amphoteric innature >

(j Amino acids and proteins mpholytes of particular
interest in pharmacy. Ifi : glycine hydrochloridegi is
dissolved in water, it ionizes as follows:

(NH3CH,COORM H,0 < +NH,CH,COO™ + H,0*
*NH;CH,COO~+ H,0 < +NH,CH,COO~ + H;0*
* The species *NH;CH,COO" is amphoteric in that, in
addition to reacting as an acid it can react as a base
with water as follows:

*NH,CH,COO" + H,0 < *NH,CH,COOH + OH-




Ampholytes
« The amphoteric species *NH;CH,COO~

called & zwitferion. - ¢ oy
* The pH at which the zwitterion concentration is
a maximum is known as the isoelectric poin t
the isoelectric point the net movement o
solute molecules in an electric field is negllglble
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Ionization of Water

Water ionizes slightly to yield hydrogen and hydroxyl ions by

reacting with another molecule of water (aufoprotolytic
reaction): — |

H,O + H,0 — OH "~ + H,0*
The\?qblllbnum constant is expressed as:

« _ [OH 1[H50"] >

K[H,0]?> = [OH"|[H307]

[H,01D
55 BW/k C“s considered as a constant and is combined with K to
”ik¢glt give a new constant, K,,, known as the aufoprotolysis
-— constant or the /grodLofwateL T
L s o = [0H"1[H507]

\4
l)b (o =

(|*|o )*C (7/“\ )

LoD = 1,50 = 1wis?
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Ionization of Water

In pure water: [OH™] = [H30%] =1 x 10”7 M at 25°C.
K,=[0H7][H30%] = (1 x 107)x(1 x 107)=1 x 104 M
When an acid is added to pure water, the increase in hydrogen

ions is offset by a decrease in the hydroxyl ions so that K|,
remains constant at about 1 x 10-4 M at 25°C.

A simple relationship exists between K, of a weak acid (HB)

= and K, of its conjugate base (B-), and between K, of BH*
b and K, of B when the solvent is amphiprotic (e.g
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pH

L<® [Hy0]" varies from 1 (in a 1 M solution of a strong acid)
to 1x107 (in a 1 M solution of a strong base).

¢ Sorensen suggeste
[H;0]" via the te :

of expressing

[ )
o
an
o
[@N
(@]
=
=
0
o,
o
75}
N
=
¢
=
(¢’]

(" pH =-log [H;0]"
The pH of a solution is a numeric scale from 0 to 14,
which expresses the [degree of acidity (7—0)3 and

alkalinity (7 - 14). ~_
* The value’ 7>at which [H;0]* =

[OH]- at room
temperature is referred to as the neutral point
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Mathematical revision

Exponential Laws Logarithm Laws
x* . xb = x* log(ab) = log(a) +log(b)
L— 1og(ﬁj:10g(a)—1og(b)
X b
(7Y =™ log(a”) = b-log(a)
| ( ] j
X =— log.| — |=-a
X X
x’ =1 log 1=0
oz
Loym=¥
pK and pOH

€699

The term “p” 1s also used to express the negative

logarithm of each of [OH ], K, K, K|, as pOH, pK,,
P KW
PK,, =pH + pOH

PK, =pK, + pK,
pk, and pK,, values provide a means of comparing the
strengths of weak acid and weak bases: )

Lower pk, values correspond to stronger acids

Lower pK, values correspond to stronger Bases

kaf —5 Rackly — “logky | > P, |

Kw = ):@H J EH%o’j
L~ -l’j

PIC, = ey fnJe-vgth]
Plew ,,@oH +f N
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Calculation of pH
Strong Acids and Bases

» A strong acid, HA, ionizes completely to H;O" and A~
Therefore [H;O"] =[HA] and pH is calculated as:

KoVl gy waoone ¥ e pH = _Jog [HA]
» While a strong base, B ionizes completely to BH+ and

OH-. Therefore [OH-] = [B] and pOH is calculated as:
Since pH = pKw —[ pO?S T\’@qse
Then: pH = pKw — (-\IOLB] or:
pH = pKw + log [B]

Q“*vﬁ’“*"““
r: papoft

Calculation of pH
Weak Acids and Bases

A weak acid, HA, ionizes partially H;O* and A™:
| £ {—z_l

a= [H3[01;]1][A_] Since [A7] = [H307]
_[H307]?
Then Ka —W

Y H == (pK,, ~log[HA])
/LG7[;‘4°+j: - /”c,/ﬂ./,d ¢

A e ey e

[H307]* =K, [HA] = | [H307] = (K, [HA]
\ e 1

) [~°
{H(f"fj = m

) 2 L -0y (e (K]
\A T

Y\,l oo ka <~ Loy N4
P ”i&\'\j\/«’t %7 )

plea

ph-> 7’ (Ko - Loy [NA] 7
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Calculation of pH
et
Weak Acids and Bases == =770 1.
Example "’\QJJ*‘\//,JJ lo “ s P\;;J;n/:) Nj
Calculate the pH of a 50 solution of ascorbic acid
(MW 176.1, pK, 4.17) R UPR
Convert concentration to M (or mol/L) oo mess )
_ / -
C=50mg/mL=50g/L \_~— s
M =50/ 176.1 = 0.284 mol/L B
~ e Y VAP Ve 1 97 ;J/L Vo o A Y i
e “I>pH = = (pKa —log[HA)) —_—
AN f)‘] z -LQJKNgJJ % ; 70cwnjb=|j
— ) [CEA n
\/\‘\"A)@\o\ SA e pH = 5(4.17 —log 0.284) s e LS Gy 722
N\N\9 W\ﬂ W’OJ\\‘—T" oL —5 50 \mwmu
N\ N> | pH = 5(4.17+0574) = 236 ‘%Mfﬁ @
= 7¥9 —
P"'JW"))\ r—t N e !

g.,(cncmhq.‘% <59/l
o A = 1260 ool

LA FOUN g asteel/2 .—>@»mj:ozzi1g>

176 l/J//,h./

Calculation of pH
Weak Acids and Bases
A weak base, B, ionizes partially to BH* and OH™:

[BHTIOHT] e [BH*] = [0H-]

[B]
OH

[OH12=K,[B] = [0H"]= (K, [B])'?

Kb=

1 1
pOH = Epr —Elog[B]
Since pOH = pKw —pH and pK,=pKw —pK,

1
Then pH =< (pK,, + &Iﬁ\(}ﬂog[B])

-2 7 (PK,C:loglHA) fol NM
ww/ "»wa / ‘
VJU" ! N’é\: » P¥, 20N \padoo /\\\’g)‘ DH@
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Calculation of pH

( L3 \O55 55 sokbsd

- 5 e Weak Acids and Bases

Example P Qe T W Ly w&b

Calculate the pH of ad{saturated solution>of codelne

monohydrate (MW _317.4, pKa 8.2, solubility at room
temperature is
Convert concentration to‘mol/L }?/ 7, J =it

=19g/120mL =833 g/L SETEIT
M 8. 33/317 4= 0 0263 mol/L e
£ 335/
PH = (pK + pKa +log[B]) 9L
1 NJzz e
pH = (14 + 82 +10g0.0263) e

A0 076% r'w///&
L LR) = @.0242 A

1
pH = -(14 +8.2 ~ 158) = 10.31
b

ST R NI
&J/\ L(\\

com)- hete (M‘j«/\dd_)l q_-?l P
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Calculation of pH

Sites Wesrk - hage ives ok conf s ol

Salts of Strong Acid and Strong Base

» The salt of strong acid and strong base (e.g.
NaCl) dis§ociate1§ |in water into Na* and CI".
s D

* Neither Na® nor Cl~ ions are capable of
consuming or releasing protons from /to water
(they are neither acids nor bases)

nerad 81,

» Therefore these ions have no effect on pH. The
pH of the solution remains the @s that of
ure water, 7.
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Calculatlon of pH
Salts of Weak iad and Strong B.

g Base
The salt of weak acid and strong base (e.g. Sodium acetate,
AcONa (designated as S)) dissociates into Na* and AcO~.

“AcONa % A0 + Nat

AcO~ acts as a base and consumes one proton to form AcOH
AcO™ + H,0 <> AcOH + OH~
The pH is calculated in the same way as in weak base:

1 =
pH = (pK, + pKa +10g@)
g g

- -1 = Rt o o)
Since [AcO™] = [S] ) [MJ“;WJ e 5 Cor i 465
Then pH = S (pK,, + pKa +log[S])

Note: the pH is always > 7

l}‘ﬂﬂ" L‘P’JU#}-‘ (7\

/\JH +No anH +H
-

- pHRY

~Jeal

e o

- )
)
—pi,?

- PaN?
,/’r:o’}ﬁr

’G\xu‘c:‘jl

Calculation of
Salts of Weak ﬁ

The salt of weak base and strong acid (e.g. ammonium
chloride, NH,CI (designated as S)) dissociates into NH,*

 pH

ase and Strong c1d

Ry ng
5 KiH, G157

NH,* acts as an acid and releases one proton to form NH;
NH,* + H,O < NH; + H;0*
The pH is calculated in the same way as in weak acid:

pH =5 (pK, —log[NH,*])
Since [NH,*] = [S] NipeoF
V) @ 2P S

Then pH == (pKa —log[S])
7Note: the pH is always < 7

15
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Calculation of pH__
Salts of Weai{ Ac1d and Weak Bdage

The salt of weak acid and weak base (e.g. ammonium acetate,
AcONH,) dissociates into NH,* and AcO.

AcONH, —t AcO™ + NH,* \g&‘@m\

JRYY

NH,* acts as an acid and releases one proton to form NH,,
while AcO~ acts as a base and consumes one proton to
form AcOH

NH4+ * Hzo = NH3 + H30+
AcO™ + H,0 < AcOH + OH"
The pH can be calculated by:

1
pH = - (pK,, + pKa — pK,)

Note: the pH doeon the concentration of the salt, but rather
H//depends on the strength of the weak a nd weak ba
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| Calculation of pH

Weak Acids and their Salts

When a weak acid and a salt of that acid exist in solution (e.g.,
acetic acid and sodium acetate), both compound dissociate
0_give the conjugate base of that acid (in this case OAc").

f H20 > H30+ + OAC™ t}on;xwy—@\}e\;@a,ﬁ Lo

R Wl B L Wl 231 5eG A
N BN D b s Ll B I ST 5 e M
n this case is called a common ion. B o S s
Most OAc~ will come from the salt NaOAc, therefore
[OAc™] = [NaOAc] (designated as [S])
The pH is calculated by the following equation:

5]
[HA]

The solution above is considered a buffer solution, and the equation above
is named Henderson-Hasselbalch equation for buffers of weak acids.

pH = pKa+log

16
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Calculation of pH

Weak Acids and their Salts

Example

What is the pH of a solution containing acetic acid 0.3 M and
sodium acetate 0.05 M? (Ka for acetic acid = 1.75 x107%)

pKa — lOg Ka
pK,= —log1.75 x 10™° = 4.76

w —

pH = pKa+lo ,g s L&D e
Vgksoh < 55250

=3.98
0.3

pH =4.76+ log

/\ [ - o\ A
NH5+H,0 < NH,* + OH- i
H4C| — NH4+ L2 2 g A AP i BE LB S 2a07 S

Calculation of pH

Weak Bases and their Salts

When a weak base and of that base exist in solution
(e.g., NH; and NH,CI), both compound dissociate to give

the conjugate acid of that base (in this case NH,*).

W me SN 2 b i s5D e B I G T 85 e S
NH,* in this case is called a common ion.

Most NH,* will come from the salt NH,CI, therefore;
[NH,* 1= [NH,CI] (designated as [S])
The pH is calculated by the following equation:

The solution above is considered a Iuti nd ation above
is named@ende/son-Hasselba/ch equation m@w weak bases.




Calculation of pH
Weak Bases and their Salts
Example

What is the pH of a solution containing ephedrine 0.1 M and
ephedrine HCI 0.01 M? (K, for ephedrine = 2.3 x 10-%)

pK,=—logK,
pK,=—1log2.3 x 1075 = 4.64
pK,=pKw — pKb
pK,= 14 — 4.64 = 9.36

[B]

pH = pKa+ log—
[S]

0.1
pH =9.36 + logm = 10.36
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Calculation of pH

0\\ | A b b 352 Diprotic Acids and Bases

Sl WD S8 g

N

during calculation of pH: )
~

(;1\»‘4 ”«Q\»)k—? WA= Eor weak diprotic base, the [0H ] mostly comes from the\first
step of reaction. Therefore; The second step is ignored

during calculation of pH: jez
@is caletlated the same way

1
pH = E (pKw ¥ pKa +10g[B]) as with mooprtic weak base

e lay diprotic d1 4] el g Ul (o3 Lol 8 Sl sin fro 5T GLIS Gg3lEl 138 (o ghagas BT gay

suie IS LU Bugage e LS Lgie owaliis second step I ¥ cmonoprotic JI as (ysils delas

second 11 4} el Gus s 3] diprotic d1 ;lsie (e 8,581 Suy s LT 4 3 Sallé s monoprotic

18 . negligible sLa step

? For weak diprotic acid, the [H,0 "] mostly comes from the@
step of dissociation erefore; Thmis ignored \ \Hk)\m -
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Solutions Co Tw i
/@f C,, and C,, aré both greatg than [H,O"], the

Calculatlon of pH

foll’?vmg equation applies (see text book page
159)

[H307

Calculate pH

= Jk1Cqq +k; Cyp

What is the pH of a solution containing acetic acid, 0.01 mole/liter,
and formic acid, 0.001 mole/liter? We have

[H30F] = V(1.75 x 10-5)(1.0 x 10-2)+(1.77 x 10-*X 1.0 x 10-3)
=593x10°*M

pH = —log(5.93 x 10%) =3.23
wan o CEV 50D G 5y Sl Yy )
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Calculation of pH
/’J e O’J 7&&@\2} Solutions Containing Only an Ampholyte
’ | b e e - > - (h)"
ope]| O = Jlaky b (et b 0
pheey J2LC% AT pH= 0.5 (pK, + N
T ' pH= 0.5 (pK, + pk, e La-leg(k)
Qi G EXAMPLE 7-19 “ - >
Nkt s e < Calculate pH pR= 5 (Pha e,
fee ¥ Calculate the pH of a 5.0 x 10~ M solution of sodium bicarbonate
@

at 25°C. The acidity constants for carbonic acid are K; = 4.3 x 10~
and K; = 4.7 x 1071,

Because K;C,p, (23.5 x 10~ ') is much greater than K, and Cg;
is much greater than K, equation (7-118) can be used. We have

[H;0%] = V(4.3 x 10-7) x (4.7 x 10-1%)
=45x10°M

pH = —log(4.5 x 107) = 8.35
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