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In its most common interpretation, pH 1s used to specify the degree of acidity or
basicity of an aqueous solution.
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Why pH measurements are importanit?

1. Measurement of pH of a solution 1s necessary to judge whether the liquid is acidic,
alkaline or neutral .

2. The application areas are food and beverage industry, aquarium, gardening,
medicine, biology, chemistry, agrniculture, forestry, food science, environmental
science, oceanography, civil engineering and many other applications.

3. Measurement of pH of liquids 1s necessary in many condensate systems as a check
on corrosion, in pharmaceuticals and drug production for maximum yield, in food
manufacturing to reduce spoilage and improve taste and in mnumerable chemical
processes.

4. The continuous monitoring of blood pH is essential for proper treatment of
patients suffering from metabolic and respiratory problems.
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PH in living systems

The pH of blood 1s usually slightly basic with a value of pH 7.365. This value 1s often

referred to as physiological pH 1n biology and medicine.

The pH of different cellular compartments, body fluids, and organs 1s usually tightly

regulated in a process called acid-base homeostasis.

The most common disorder in acid-base homeostasis 1s acidosis, which means an acid

overload m the body, generally defined by pH falling below 7.35
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Compartment
Gastric acid
Lysosomes
Granules of chromaffin cells
Human skin
Urine
Neutral H20 at 37 °C
Cytosol
Cercbrospinal fluid (CSF)
Blood
Mitochondrial matrix
Pancreas secretions

pH
1
4.5
5.5
5.5
6.0
6.81
72
T3

7.34-7.45

7.5
8.1

How do you Measure pH? Ways of measuring pll

The methods for measuring pH fall roughly into the following four

categories:

¢ Indicator methods

o Metal-electrode methods (including the hydrogen-electrode
method, quinhydron-electrode method and antimony-electrode method)

e Glass-electrode methods
¢ Semiconductor sensor methods




pH calculations

pH 1s defined as the negative logarithm of the hydrogen 1on concentration [ H+]
i.epH=-log [ Ht+ ]
pH = - Logio [H30™]

[H;07 ]=[OH" ] at PH =7
pOH = -Log;o [OH]

pOH is sometimes used as a measure of the concentration of hydroxide ions, OH.

pOH = -Logio [OH]

pOH values are derived from pH measurements. The concentration of hydroxide ions
m water 1s related to the concentration of hydrogen ions by

I‘L’“'

[H"]

[OH™] =

We know that Av = 10* and we know that (-log [HsO+]) is pH

where Ky 1s the self-1onization constant of water. Taking logarithms,

]’)OH - pf'\'-w I‘)H

So, at room temperature, pOH = 14 — pH.

pH +pOH = 14



Calculating pH of Strong Acid and Base Solutions

Strong Acids Strong Bases
perchloric acid (HCIO,) lithium hydroxide (LiOH)
hydrochloric acid (HCI) sodium hydroxide (NaOH)
hydrobromic acid (HBr) potassium hydroxide (KOH)

hydroiodic acid (HI) calcium hydroxide (Ca(0H),)
nitric acid (HNO,) strontium hydroxide (Sr(0H),)
sulfuric acid (H,S0,) bar;Jm hydroxide (Br(0H),)

Examples:

1) Calculate pH solution of KOH with concentration (0.005) M
¢ (0.005) M S5 3 KOH (o Jslaal pH ol [

Solution

pOH = -Logio [OH']
pOH = -Log1o [0.005]
pOH=2.3
pH+pOH =14

pH =14 —POH
pH=14-23
pH=11.7



2) Calculate the pH of a solution with 1.2345%10+ M HCI, a strong acid.

The solution of a strong acid 1s completely 1onized. That 1s, this equation goes to
completion

HCl(aq)—H(aq)+Cl—(aq)
Thus, [H+] =1.2345% 104
pH=-log (1.2345x10)=3.90851
3) Calculate the pH of a solution containing 1.2345x10+* M Ca(OH)2?
Based on complete ionization of

Ca(OH)2—Ca+2 + 20H
[OH-]=2x1.2345%10+=2.4690x10* M
pOH = —log (2.4690x10%) =3 6074
pH=14—pOH
pH=14-3.6074
pH=10.39

Calculating the pH of weak Acids & Weak Bases

Weak acids only partially dissociate in aqueous solutions and reach a condition of
equilibrium, therefore how much they dissociate 1s given by the equilibrium equation
for that acid in solution:

The dissociation of HA and its K, expression:

HA=H +A
[HT[A ]
K= ———
[HA]

Where K, 1s the acid dissociation constant.
[H™] is the hydrogen ion concentration.

[A-] 1s the concentration of the anion.

and [HA] 1s the concentration of the weak acid.

PKa = -Logio Ka



Weak bases also only partially dissociate in aqueous solutions and reach a condition
of equilibrium_ The equation for the partial dissociation of a base 1s then the

equilibrium equation for that base in solution:

The dissociation of BOH and its Ky expression:

BOH=B"+0OH
[B"][OH ]
Ky=———
[B]
[OH-] = Hydroxide concentration

[B+] =Ion concentration
[B] = Weak base concentration

PKb = -Logio Kb

Example/ PKa of formic acid is equal to 3.77 at a temperature of 25 C. Calculate
the pH of 0.01 M solution of formic acid?
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HCO,H + H,0 = =~ H,0"+CO,H"

Ka= [H;0"].[CO;H]|

[HCO:H]
PKa = -Log;o Ka
3.77 = - Logio Ka
Ka=10 P

Ka=1072%* =1.69 *10 ™

x2

Ke =




[H:01=X=122%10 *M
pH =- Logjo [H30]

pH =-Logio 1.22%103

pH =201

pH change during strong acid titration with a strong base
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The concentration of hydronium and hydroxide 1ons can be calculated from the
concentration of a strong acid or a strong base because they are completely 1onized
pH change during titration can be tracked as in the following example
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Example / 50 ml of 0.1 M (HCI1) was titrated with a 0.1 M solution of base
(NaOH) Calculate the pH of the HCI solution at
A - starting point
B- After adding 5 ml of base
C - after adding 10 ml of base
D- After adding 15 ml of base
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Solution

J g

0.1IM

0.IM | 0.1M

HCI + H20 = H30" + CI
a) Since the acid is strong and completely ionizes
215 0nl a5 (g 8 malal) ) ey
pH =-log;o [H;07]
pH=-logio [ 0.1 ]
pH=1

b) We calculate the number of millimoles of acid in the original
Number of millimoles = concentration * Volume (ml)

el (ml) x S A =Y e Ll aae
0.1 *50 =35 mmole of HCI

Number of millimoles of the base = concentration of the base * volume (ml)
(ml) ax=dl * 32clal) € Ji=saclell QY ga (Lo 22
0.1 *5=0.5 m mole of NaOH

Number of millimoles of acid remaining = number of millimoles of total acid — number

of millimoles of base equivalent to acid
aalall B8 Bre )l EVga o 23e — AN Gadlall @V o de = il (aelsl) E¥se e e

5-0.5=4.5 m mole of HCI

Hydronium ion concentration = number of millimoles remaining + total volume in
flask

Gyl IS paal + il e e e = pgsig ) Gl S5
4.5+55=8.18%x102 M [H;0™]
pH = —IOglU [H50+]
pIl =1.09



¢) Number of millimoles of the base = concentration of the base * volume (ml)

(ml) (,_;AJ'; * saclall < = sac lall ga 9_\4; e

Millimole of the base 0.1 * 10=1
0.1*10=1 sclall go Jgo Sl

Millimole remaining acid 5-1 =4
S5-1=4  (asdall ga bia Jse Sl

Hydronium ion concentration = number of millimoles remaining + total volume in
flask

Gyl IS paall + il C¥sa o die = 2oy gl (50l 55
4.0+60 = 0.066 M [H;07]
pH = -log;o [H;07]
pH =-logio [0.066]
pH=1.18

d) Number of millimoles of the base = concentration of the base * volume (ml)
(M) pasdl ® saclill 55 = saclall CiVge o 2o
Millimole of the base 0.1 * 15=1.5
0.1*15=1.5 s2clall pa Jga e
Millimol remaming acid 5 —1.5=3.5
5-1.5=3.5 (adall e e Jga e

Hydronium ion concentration = number of millimoles remaining + total volume in

flask

Gl K paall = dadadl e o 2o = agnig gl Ol 0S5
3.5+65=0.0538 M [H307]
pH =-log;o [H;07]
pH =-logi0[0.0538]
pH=1.23



