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INTRO

Defination:

- Titration involving reaction btwn acid and base
[sum15]

Acid
- Strong acid = completely ionized in water
- Weak acid

Base
- Strong base =
- Weak base = partially 1onized in water e.g. NH4OH
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Acid - Base THEORIES

- Titration involving reaction btwn acid and base

1. Arrhenius concept

Example HCI + H,0 - CI + H* + HO =H,0
NaOH + H,0 = Na+ + OH + H,0

. Bronsted- Loury concept

Example HCI + H,0 > Cl +  H;0*
Acid, Base, Conjugated base Conjugated acid
of Acid, of Base,
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‘ Acid - Base THEORIES \

3. Lewis concept

INH, = N where the pair of electrons

1923

the curved arrow indicates

starts from and where it ends up

H" +
acid base \
accepts a donates a share in

share in a pair
of electrons

a pair of electrons

Cl N\ Cl

| | i

J

P

Cl—Al" + CH;OCH; = Cl—AI—0—CH;
d &
3
: dimethyl ether
aluminum .
trichloride 2 LeWis base
a Lewis acid
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Law of MASS ACTION

[win13, win12]
- In 1864, Guldberg and Waage proposed Law of Mass action
statement

‘the rate of a chemical reaction is proportional to the active
masses of the reactants involved’

- ‘active mass’ 1s meant the molar concentration (moles per litre)

Explanation
- Let us consider a general reaction,

aA+bB == cC+dD
- According to the Law of Mass action,

Rate of forward reaction « [A] [B] =k, [A] [B]
Rate of reverse reaction « [C][D] =k, [C][D]

Where k, and k, are rate constants for the forward and reverse rxns
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IONIZATION PRODUCT of Water

- Amphoteric solvents undergo self-ionization, or autoprotolysis, to
form a pair of 1onic species.

H,O + H,0 === H;0" + OH"
- lonization constant of water Kionw
[H30"] [OH]
[H,0]°

Kionw =

- The [ H20] 1s constant at 25 °C so combine to it with Kionw gives
new constant 1.e. self 1onization constant Kw

Ky = [H3O'] [OH]
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‘ IONIZATION PRODUCT of Water \

[win13, win12]
- The experiment al value for ....
[H:0*] * [OH]=1X% 10 snvmin Eq. 1

- At equilibrium condition,
[H;0] = [OH]
Adding this to Eq. 1

thus [H;0*] * [H,0*]=1x102
[H;0*]=1x107 ................ Eq. 2

[H,0*]=1x107 ................ Eq. 2
- Logy,o[HY]1 =7

- Conclusion at equilibrium ionization state water pH is 7
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Common ION EFFEC

[win12]
Defination:

- The process by which ionization of comp. is suppressed by
addition of one of its ion

E.o.
CH3;COOH =—= CH3;COO + H*

- Removal of proton or acetate will increase the rate of forward rxn.
- Addition of HCI or Sod. acetate decrease the rate of forward rxn.

Reason
- The system try to maintain equilibrium state of [ ] of all reaction
component
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pH of Buffer

[win15, win12]
Buffer:

- A soln which resist drastic change in pH upon addition of small
amt of acid of alkali.

Buffer composition:
- Weak acid / base and its salt

Finding pH of buffer:
- Suppose an example of acidic buffer,

HB == H" + B

weak salt
acid
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[ S—

- Dissociation constant is,

K, = [H™] [B]
[HB]
[H] = Ka JHB] Henderson eq.n (1908)
[B]
- Taking —ve log on both side,
[HB]
-log [H'] = -logK, - log
[B]
pH = pKa - log B
[B]
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| pHofBuffer |

pH = pKa - log [HB]
[B] For basic buffer,
pH = pKa + log B [B']
[HB] pOH = pKa + log
... Hasselbach work (1916) BOH]
- Generalized the equation,
_ [salt]
pH = pKa + log j5a%) [pOH = pKa + log 3
[acid] [base]

- This eq.n 1s called as Henderson Hasselbach eq.n .
- Eq.n gives relation btwn pH and pKa and ration of acid vs salt
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HYDROLYSIS

[win13, win12]

19> The interaction of sub. with 1ons of water
[win15]

E.g. of HL of salts:

(1) Salt derived from weak acid & strong base

CH;COOH + NaOH —> CH3;COONa
HL of salt,

CHsCOONa + H,0 ==~ CH;COOH + Na* + OH

- Salt HL gives wa- , which is 1onized (reverse rxn) to small degree.

- Thus [ sod. acetate] decrease / more salt will get HL than reverse
rxn.

- Thus more amt of “OH are also produced

- Thus the soln will be alkaline.
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| —__HoRoLysls |

pH calculation,
[win15]

CH,COONa + H,0 ==~ CHCOOH + Na* + OH

- the HL constant 1s,

« o ICHCOOM [OH] o

[CH;COO]

- Now, KW = [H+] [OH-] ...... e(d. 2

and HAc 1onization constant 1s

K. = [CH,COO] [HT eq. 3
a - [CH;COOH]
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Combining eq. 1,2 and 3...

K, = [CH;COOH]
CH;COO

K, = 1[0_|-|] from ....eq.2
[H']

' +
[CH;CE = LH] from’ ... eq. 3
CH;COO Ky

K, [H]
Ky = \1 K
H']  %a
K
Ky = —— s eq. 4
h Ka
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CH3COONa + H;O ==~ CH3COOH + Na' + OH

- The amt. of acetate and hydroxide ions formed are same, thus...

Ky = LCHiCooy, [OH)

[ OH-]2 l(‘H}(‘Oo-J ...... ch
Kp = ——— " eq. 5
[CH,COO]
- Combining eq. 4 and 3,

[OHT Ky
[CH,CO00] K

[ OH-]2 _ Kw [CH3COO-]
K,
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| ___moRoLvsis 00|

K1/2 1/2
(OH] = —_ [CHyC00]

Kw " Ky = [HT [OH]
K 2 12
W [CH5COO]
K /2

Kw1 12 Ka1 /2
2

[CH3COO']1/
- Taking —ve log on both side, gives eq. for pH of salt of wa- & sb-

[pH =12pK,, + 12pK, - 1/2pC ]

- Where C represents salt wa- [ ] .

17

2016
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| —__HoRoLysls |

(2) Salt derived from weak acid & weak base

HL of salt,

CHzCOONH; + H,0 =™ CH3;COOH + NH,OH

- Salt HL gives wa- and wb-, which are i1onized (reverse rxn) to
small degree.

- Thus [ amm. acetate]| decrease more rapidly / more salt will get
HL than reverse rxn.

- The soln will be alkaline or acidic depends on relative strenth of
a- or b-.

- If Ka = Kb than soln is neutral

- If Ka> Kb than soln is acidic ,, If Ka <Kb than soln is basic
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| —__HoRoLysls |

pH calculation,
CH;COO™ + NH,* + H,O0 = CHzCOOH + NH,OH

- the HL constant is,

= [fgﬁf(?(?om f[f‘g‘lﬁjill‘l] ...... eq. 1
- Now, g _ Y [OH] @ e eq. 2
and HAc 1onization constant 1s
Ky = ICRC00] 11 eq. 3

[CH;COOH]

and amm. hydroxide 1onization constant 1s

K, = [NH,] [oH] eq. 4

[NH,OH] 19
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| HYDROLYsls = |

-  Combiningeq. 1, 2,3 and 4...

Kh=

Kh = [(‘}l ;(‘()Ol l

CH,COO + NH;* + H,0 == CH;COOH + NH,OH CH.Cc |_[NH,0

)O'] [NH;]

- During reaction, The amt. of reactant ions are in same amt and
additionally amt of pdct 1ons are also same thus...

‘CH;COOH]?
Kh = = 2
‘CH;COO]
K, 2= L eq. 6
(CH;,COO"
. Phargdccut%calAn]aiym,s# AZC_ 2016 Acid Base Titration 20




| —__HoRoLysls |

- Combining eq. 5 and 6

K. 1= [CH;COOH]

K2 K2 [CH;COO]

K, 2 [H'] fromeq.3
= . . [CH;COOH] [H]
K12 g 172 K : =
a S a [CH,COO] Ka
12 g 12
Ka ]/V;' e [ H+]
Ky

- Taking —ve log on both side, gives eq. for pH of salt of wa- & sb-

[pH =12 pK, + 12pK,; - 1/2pr]
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| —__HoRoLysls |

(3) Salt derived from strong acid & strong base

HCI + NaOH —> NaCl + H)0O
- HL of salt,

- Salts are strong electrolytes so cant have tendency to combine

with water 10ons
- Thus thus equilibrium btwn "H and “OH will not changed .
- Thus the soln will remains neutral.
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| —__HoRoLysls |

(4) Salt derived from strong acid & weak base
HCI + NH3 —>  NH,CI

HL of salt,
NH,Cl + H,O = NH,OH + H*

- Salt HL gives wb-,which are ionized (reverse rxn) to small degree.

- Thus [ amm. chloride] decrease more rapidly / more salt will get
HL than reverse rxn.

- Thus more amt of "H are also produced

- Thus the soln will be acidic
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| —__HoRoLysls |

pH calculation,
NH,/ + H,0 = NH;OH + H

[win15]

- the HL constant 1s,

 INHOH[H'
= TN

- Now, K, = [HT [OHT ... eq. 2

and amm. hydroxide ionization constant 1s

_ INHS) [OH] .3
Ko = " INH,OH] .
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- Combining eq. 1, 2, and 3...
Kw
Ky = Tb ...... eq. 4

: . Kh = [NH4OH][H’]
NH4* + H2O = NH,OH + H* [NH(]

- The amt. of amm. Hydroxide and hydfoxide ion formed are same
thus from eq.1...

HF
[NH,"]

Kh=
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| HYDROLVES = |

- Combining eq. 4 and 5

H7? K,
[NH,'] Ky
K /2 +11/2
H' = —,, [NH4']
[H'] aL

- Taking —ve log on both side, gives eq. for pH of salt of wa- & sb-

[pH =12pK, + 12pC - 1/2pr]

- Where C represents salt of wb-[ ] .
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END POINT DETECTION

- Total two methods

(1) to use acid-base indicator (visual end point detection)

(2) Instrumental method
[win15]

1. VISUAL END POINT DETECTION
1.1 THEORY OF ACID-BASE INDICATOR

[win14, win13, win13]
1.1.1 Ostwald theory:

- Acc. to this theory,

'The undissociated acid [HI ] / [I,OH] base indicator has a
colour diff. than its ion’

E.Q.
1.1.1.1. Acid indicator equivalence,
HI, == H" + |
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| ____ENDPOINTDETECTION |

- Acid indicator equivalence,

HI, == H" + |
Conditions,
- Burtte : alkali
- Co. flask : acid soln

- Indicator : HI

- Here acid indicator added to acidic soln.

- Due to common ion effect, ionization of HI  is suppressed by H*
of acid soln. Thus before titration solution appears as the colour
of HI,

- As the titration proceeds, alkali neutralize H* in soln. , and thus
rate of ionization of acid indicator increase.
- At the end pt of titration, that time soln gives the color of ionized

indicator.
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- Applying law of mass action, HI,
= H+ )
[H'] [1,] *oh
Kl,a =
[HI,]
[H+] - Klna [HII'I]
(1]
- Taking —ve log on both side, - ~log [H'] = -logKLa -log [HI,]
L]
pH = pKla - log L
1]
pH = pKla + log |
[HI,]

\ Z
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e i . —

PH

“PKla o log M

Experiment study shows that, [Hi

R . g ratio, them color of unionized indicator will
[HI,] 1D
appear. Here pH value becomes,

T T T T T T T T T TTTON ' i I 5"

. pH = pKla -1 *+ log Uy ] =log1— = -1

C : [HI,] 10

LN . o .
- If [HI] ratio, them 1onized indicator color will appear.
Here pH value becomes,

UTmTmmm o mmmmmey L-
E pH = pKla+ 1! *+ log U ] =log 10 =1
l ; [HI,]
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| _____ENDPOINTDETECTION |

Conclusion,

pH range for colour change 1s observed is pH = pKla + 1|

This is the transition interval of the indicator.
For particular titration, the indicator should be choose such that

the pH equivalence pt. falls within the transition interval of
indicator.
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1.1.1.2. Base indicator equivalence,
.OH== |* + OH

- Applying law of mass action,

[I,"] [OH"]
KILb =
[1,OH]
_ (1. OH]
[OH] = KI b —
N |

Pharmaceutical Analysis_ AZC_ 2016 Acid Base Titration 3 2




’—‘

o~ Koo ol
Ki,b [I,0H]

- Taking —ve log on both side,

+
_ ]Og [H+] _ x log KW s log [In ]

-log KI, b [1,OH]
1+]
H = P S [1,0H]
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Brilliant cresyl blue RO

Cresol red

R

m-cresol purple

Thymol blue

1B

 Tropacolin OO

Quinaldine red

Bromophenol blue

| Methyl orange
Congo red

Bromocresol green

Methyl red

"Chlorophenol red

P = Purple
R = Red

RO
Y

Red —orange
Yellow

—_

4-Nitrophenol

Bromocresol purple

“Bromothymol bluc

Neutral red

Phenol red

1-Naphtholphthalein

“Phenolphthalein

Thymolphthalein

Alizarin yellow R

Tropaeolin O

B
&
0
OB

Blue

Colourless
Orange

Orange —brown

Y

Nitramine

C

0

|

2

3 4 5

6 7
pH units

R

9
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| ____ENDPOINTDETECTION |

1.1.2 Resonance theory:

- Acc. to this theory,
‘the diff. in color of the indicator in acid and base medium is
apparently due to diff. in its organic structure of two forms ’

- Color of comp. (indicator) is due to absorption of visible light, the
absorption and emission of light depends on electronic structure
of compound

- Change in electronic structure will change color of compound
(indicator)

E.Qg.

1.1.2.1. Phenolphthalein,

Phenolphthalein 1s colorless below pH 8.3 and
above pH 12. [winl3] [suml5]
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Species

Structure

Model

pH
Conditions

Color

forms of

<0

strongly acidic

orange

Cation

0-8.2

acidic or near-neutral

colorless

Benzenoid

8.2-12.0
basic

pink to fuchsia

Quinonoid
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>13.0
strongly basic

coloriess

Open

Benzenoid
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‘ END POINT DETECTION ‘

1.2 MIXED INDICATOR

- Use of two indicator

- To obtain sharp color change
- Both indicator selected in such a way that their Kin are close.

______Indicator _____|__pH____Color change

Neutral red + Methylene blue 7 Violate-blue to green
Bromocresol green + Methyl 4.3 Orange to blue-green
orange

37
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1.3 UNIVERSAL INDICATOR
or
MULTIPLE RANGE INDICATOR

- Mixture of various indicators

5> Is a mixture of suitable indicators, color change may be obtained
over a considerable portion of the pH range.

E.g.

- Mixture: 0.1g Phth, 0.2 Me. red, 0.3 me. yellow, 0.4g bromothy.
blue, 0.5g thy. blue in 500ml absolute alcohol and addition of
NaOH soln to obtained color up to yellow.

- Color change:

Red | Orange | Yellow | Green | Blue

Pharmaceutical Analysis_ AZC_ 2016  Acid Base Titration 3 8




| _____ENDPOINTDETECTION |

2. INSTRUMENTAL METHOD

- Two methods
2.1 Conductometric titration
- Measure the change in the conductance during titration

2.2. pH metric titration

- Measure pH during titration

- Calomel e-de 1s used as reference e-de and glass or H e-de is used
as indicator electrode.

- Plot of ml of titrant vs pH gives sigmoidal shape curve where end
point can be detected.
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CALCULATIONS - Neutralization curve

Q.3 (a) 50 mlof 0.1M acetic acid is titrated with 0.1 M sodium hydroxide. Calculate the 06
pH of solution when following volume of NaOH is added, 1) 0 ml, 2) 10 ml,
3) 25 ml, 4) 50 ml. Ka of acetic acid= 1.8 * 107

« — [CHACOO"] [H'] [wint2]
e

[ CHsCOOH ]

Before titration , added 0.1N NaOH = 0 ml

- Here,
[ CH;COO 1= [H"]

K. = [H*]?
8 [ CH;COOH ]
1.82x10° = [H')"
0.1
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‘ CALCULATIONS - Neutralization curve \

H]? = 1.82x10°
[H*] = 0.001349074
pH = 2.87

added 0.1N NaOH = 10 ml
- All NaOH neutralize acetic acid to form acetate ions
- Thus produced acetate,

10ml X0.1M

[ CH3COO"] = = 0.017
60 ml

- Now acetic acid remained,

[CH;COOH] = 40mIx0.1M - 507
60 ml

Pharmaceutical Analysis_ AZC_ 2016 Acid Base Titration
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‘ CALCULATIONS - Neutralization curve \

added 0.1N NaOH = 10 ml

- All NaOH neutralize acetic acid to form acetate ions
- Thus produced acetate,

[CHyCO0 ] = ~0m XOIM 047
60 ml
- Now acetic acid remained,
[ CH;COOH] = 40mix01M _ 0.067
60 ml
Now ,
¥ 2 5 _ 0.017 [H]
K, = [CHCOO ] [H'] 1.82x 105 =
8 T " CH3COOH ] 0.067
[H] = 0.00007173
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‘ CALCULATIONS - Neutralization curve \

added 0.1N NaOH = 25 ml

- All NaOH neutralize acetic acid to form acetate ions
- Thus produced acetate,

25ml X 0.1 M
[CHiCOO"] =28 = 0.033

75 ml

- Now acetic acid remained,

[CH3COOH] = 25mix01M = 0.033

75 ml
- Now [ CHACOO" ] [H] 5 - 0.033 [H]
'K, = 1 1.82x 105 =
@ 7 [ CHsCOOH ] 0.033
[H*] = 0.0000182
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‘ CALCULATIONS - Neutralization curve \

added 0.1N NaOH = 50 ml
- All NaOH neutralize acetic acid to form acetate 1ons
- Thus produced acetate,

1M
[CHCO0] =22 LA D
100 ml

= 0.05

- Now acetic acid remained,

[CH;COOH] = Qmix01M _,

75 mi
- Now [ CH3COO"] [H*] 5 - 0.05 [H']
'Ky = 1.82x10° =
Ka = [ CH,COOH ] X1 0
[H1 =0
pH = !N
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‘ CALCULATIONS - Neutralization curve \

Now ,
- Applying salt of weak acid and strong base pH eq.

[pH = 12pK,, + 12pK, - 1/2pC ]

=1/214 + 1/2[-log(1.8*105)] - 1/2[-log (0.05)]

+ 237 - 0.65

I
N

8.72
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End of topic
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