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Isoelectric point (IEP)
e.g. pH of milk6.6 (casein IEP=4.6)
* It is pH at which zwitterion concentration at maximum

* It 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 ----------- :

15

12/19/18

COLLEGE OF PHARMACY
UNIVERSITY OF BASRAH

Solutions containing Strong acids

Strong acid concentration of H is equal to initial concentration of
acid.

Solutions containing Only a Weak Acid

[H:0"] = VK.G,
EXAMPLE 7-12 I
Calculate pH

Calculate the pH of a 0.01 M solution of salicylic acid, which has a
K. = 1.06 x 10~? at 25°C.

(a) Using equation (7-102), we find
[H;O7] = /(1.06 x 10~%) % (1.0 x 10~2)
=326x107*'M

pH=2.48
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EXAMPLE 713 -
Calculaltc pil

Calcuiate thwe pli{ of & L-gZ 1O il solution of cphoedrine sulfate. The
molccularsweight of the salr is 4285, and N, for ephodrine base is
2.3 < 10>,

{2) The ephedrine sulfate, (BH * 1.S0O,, dissocintes compictely into
two BH " cations and one SOL7 anion. Thus, the concentration
of the weak acid (ephbedrine cation) is[Twice Lhe cOmoeiration .
C..of the salt acdded.

. Z >x 10 gifliter p——
. =2 = =T = S.6T >x 1077 M

— 18
&> Ko = '20;’: :3_, = 4.35 > 10"

<> ITHO ] — J(8.35 = 10 ") < (4.67 = 10 2)
= $.51 >< 10" At

All assomplions are valicd. We have
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Salutions Containing Only @ Weak Base
(0t = [ o F
[0H] = K, G,

Calculate pH
Whaut is the pH of a4 0.0033 M solution of cocaine hase, which has a
basicity constant of 2.6 x 1077 We have
[OH™ | = (2.6 x 10%) x (3.3 % 10-)
=926x 107" M
All assumptions are valid. Thus,

pOH = — log(9.26 x 10 %) = 4.02
pH = 1400 — 4,03 = 9,97
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Solutions Containing & Single Conjugate Acid-Base Pair | [Ha0™1= =

EXAMPLE 7-16
Caleulate pH

What is the pH of a solution containing acetic acid 0.3 M and sodium
acetate 0.05 M7 We write

(1.75 x 107%) x (0.3)
5.0 x 102
= LOS x 10°*M

All assumptions are valid. Thus,
pH = — log(1.05 x 10°*) = 3.98

[H,07] =
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EXAMPLET-17

Culeulate pH

What is the pH of 3 solution containing ephedrine 0.1 M and
ephedrine hydrochoride 0.01 M? Ephedrine has a hasicity constant
of 2.3 x 10%; thus, the acidity constant for its conjugate ucid is
435 x 10719,

(4.35 ¥ 10°") x (L0 x 107
1.0 10 ¢

=435 x10"M
All assumptions are valul. Thus,
pH = — log(4.35 x 107"") = 10.36

[H,0') =
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Solutions Containing Two Weak Acids

[H:O%] = VK Ca) + K2Ci

EXAMPLE 7-21|

Calculate pH

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

[Hs0%] = V(1.75 x 10-5X(1.0 x 10-2)+(1.77 X 10-*X1.0 X 10-%)
=593 x10*M
pH = —log(5.93 x 107*) = 3.23
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Salutions Containing a Salt of a Weak Acidand a Weak Base

-+ A o &
T NHy™ 4+ AC~ = HAc + NHj
(HiO" ]| = v K K3 Acid; Base;  Acid; Base,
Calculate pH

Calculate the pH of a 0.01 M solution of ammonium acetate. The
acidity constant for acetic acid is K; = K, = 175 x 10~%, and the
basicity constant for ammonia is K, = 1.74 x 1075,

(a) K; can be found by dividing K), for ammonia into K, :

1.00 x 10-* ~10
K; = m—l—o-_—i- =575 %10
(H;0%] = J(5.75 % 10-%) x (1,75 x 10-5)
= LODx 1077 M

Note that all of the assumptions are valid. We have
pH = —log(1.00 x 10~7) = 7.00
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Solutians Containing 8 Weak Acid and a Weak Base
HC(,HSOf‘ 4+ H>PO4~ = H;POy + C6H5073-

Acid, Bases Acida Base, [H:0*] = VK, K2
[ EXAMPLE 7-24
Calculate pH

What is the pH of a solution containing NaH; PO, and disodium
citrate (disodinm hydrogen citrate) Na;HCgHsO;, both in a con-
centration of 0.01 M? The third acidity constant for HCsHsOy* ~ is

4.0 x 1077, whereas the first acidity constant for phusphoric acid is
7.5 % 107%. We have

[Hs0F ) = V(4.0 X 10-7) x (7.5 % 10-%)
w548 % 107°M

All assumptions are valid. We find
pH = — log(5.48 x 10°%) = 4.26
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lonic strength

lonic atmospheres counter cations
counter anions in in area shield
area--shield positive negative charge

charge!

o— o+ /

Cation Anion
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Effect of lonic Strength on Acidity Constants

HB + H.O = H30" +B
_notoas _ [H;O'[B] yH 0%y

For zwitterion molecule

K =
aHg [HB] YHB 0.51 /1t
K| =pK), + — — Kt
P&y pi) I+ \/l_l rid
For monotropic molecule 051/
pK; =pKa — l+\/-£+Kr#
. 0.512Z — DV !
pK’' = pK + N
325 " K=Salting in constant=0.32 for
amino acid in water
25
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EXAMPLE 727 [
Calculate pH

Calculate the pH of 2 0.1 M solution of acetic acid to which cnough
KCI had been added to give an lonic strength of 0.1 M at 25°C. The
PK; for acetic acid is 4.76.

0.51/0.10
14+ V0.10
= 476 - (.12 m» 4.64
(&) Taking logarithms of equation (7-99) gives
1
pH = 3(pK] — log C.)

in which we now write pK, as pK',:

(a) pK. = 4.76 -

pH = ;—(4.6-1 +2.00) = 3.32
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EXAMPLE 7428
Calenlate pll

Calculate the pH of 8 10~ * M solution of glycine it an jonic strength
of 0.10 at 25°C. The pK, valucs for glycine are pK; = 2.35 and

pK: = 978,
0.51/0.10
(@ K= 2354 —Y—— _.32(0.10
: PR T, | (e
= 235+ 0.12 — 0.03 = 2.44
0.51v/0.10
® Ki =978 — ——Y """ 4 0.32(0.10
) P [ 4 +/0.10 )

= 9.78 — 0.12 + 0.03 = 9.69
(¢) Taking logarithms of equation (7-118) gives

1
pH = S(pK, + pK3)

= ;(2.44 +9.69) = 6.07
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Thanks for your attention

-~ —
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