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H,O, the secret of life

Water is neutral but it ionizes to a small degree.
H20<_> H* + OH-

_ [H'][OH]

K

- [H.O]

1 mole H,0=18¢g

1 liter H20 = 1000 g

1 Liter H20 = 1000/18 = 55.56 mole

Since the concentration of H20 is very high (55.56M) relative
to that of the [H*] and [OH-], consideration of it is generally
removed from the equation by multiplying both sides by 55.56
yielding a new term, Kw:



K

equilibrium

Keax55.56 =

H20
Kw =[H" ||OH"

Kw = [H*][OH]

This term Is referred to as the ion product. In pure water, to which
no acids or bases have been added:

Kw=1x 101

As Kw Is constant, if one considers the case of pure water to which
no acids or bases have been added:

[H]=[OH]=1x10"M

This term can be reduced to reflect the hydrogen i1on concentration
of any solution. This Is termed the pH, where:

pPH = -log[H"]
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Definition of acids and bases and Its
dissoclation constants



Definition of acids and bases
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Autoproteolysis
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Acid-Base Titrations
(weak acid + strong base)

NaOH

acetic acid
20 120 160

mL NaOH added

In the beginning the pH increases very slowly.
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Acid-Base Titrations

more NaOH

20 120 160

mL NaOH added

PH rises as equivalence point is approached.


E:/Media/Movies/18M12AN3.MOV
E:/Media/Movies/18M12AN3.MOV

Acid-Base Titrations

Excess NaOH

80 120 160
mL NaOH added

PH increases and the level of added NaOH is beyond the
equivalence point.
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Strong Acid-Base Titration Curve

Volume of NaOH
added (mL) pH
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Titration of 40.00 mL of 0.1000 M HCI
with 0.1000 ¥ NaOH
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Weak Acid-
Strong Base
Titration
Curve

Titration of 40.00 mL of 0.1000 M HPr
with 0.1000 M NaOH

/Phenolphthaleln

.
e 3
N

pH = 8.80 at
equivalence point

Methyl red

Strong acid-strong base curve
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Volume of NaOH added (mL)
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Curve
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Weak Polyprotic Acid Titration Curve

T1iaration of 40.00 mL of 0.1000 M H,SO; with 0.1000 M NaOH

pH = 9.86
at second
equivalence

[HSO,] = [SO,27]

pH =4.25

at first
equivalence
point

40 60 80
Volume of NaOH added (mL)




Acetic acid titrated with NaOH

Halfway point
mOl CH3C02H = mOl CH3C02-
[H;0%] = K, and pH = pK,

0.10 M CH;CO,H

Equivalence point
0.050 M CH,C0,~

C
guffer region- goth CH3

Weak acid titrated with
a strong base

60 80 100 120
Volume NaOH added (mL)




The pH Scale

Definition of pH 3 <y s
a9 900 o Al SaS Al ) aly LS 6l

the negative logarithm of the molar hydronium-ion
concentration.

often written as :



Other “p” scales — pOH

POH ) iy a8y Jially

In the same manner that we defined pH we
can also define pOH:

POH = -log [OH"]

pH + pOH =14.00



Problem: What is the pH of buffer solution
containing hydrogen ion concentration of 3.2 x 10-4?

Solution: Using the equation

pH = -log (3.2 x10%)
= -log (3.2) — log10-*
= -05+4.0
= 35




Problem: What is the pH of buffer solution containing OH
lon concentration of 4.0 x 10-4?
Solution: Using the equation
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Henderson-Hasselbalch Equation

ddmall 3 g8l g alaa¥) e il dlalaal) sl Caua g
Weak acids and bases in solution do not fully dissociate. Therefore,
there is an equilibrium between the acid and its conjugate base

HA ¢=p H* + A

The equilibrium constant or the dissociation constant (Ka) can
be calculated as follow:




Henderson-Hasselbalch Equation
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A |=[HA]

pH =pK +log——=

pK+Iog%:pK+O:pK

HA]
pH = pK




Problem: Calculate the pH of a solution containing 0.20
M CH;COOH and 0.30 M CH,COONa

Solution: Using the Henderson-Hasselbalch equation and
the value of K, for CH,COOH = 1.8 x 10~ we can find
the pH of the solution.

pK, = -log K, =-log (1.8 x10~)=4.74

[conjugatelnse]
[acid]

0.30M

0.20M

pH = pK, +log

pH =4.74+1log

PH =4.92



Problem: What is the pH of a 1.0 L buffer solution
containing 1.00M CH;COOH and 1.00M CH;COONa

Solution: Using the Henderson Hasselbalch equation we
can calculate the pH of the buffer.

pH = pK, + log ( [base]/[acid])
= 4.74 + log ( 1.00/1.00)

=474 + 0
= 4.74
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Biological Buffer system
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Mechanism of buffering action
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Buffering Capacity 4sadail) sl
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Methyl orange & Jv jedi

Methyl red AN

Litmus paper — weid! s




Pure

Lemon Tomato water
juice juice Milk Blood

; Normal

Acid rain rain
and fog

Milk of
magnesia

Household
ammonia

Lye
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