UNIT I

Cﬁayter o 2

ACID BASE TITRATIONS

”

+ LEARNING OBJECTIVES «

o To describe, by using chemical equations and equilibrium constants, the chemical change(s)
that occur during a strong acid/strong base titration.
To identify the equivalence point in an acid-base titration from the pH titration curve.
To describe why the pH at the equivalence point for a strong acid/strong base titration is
generally equal to 7.

e To describe why the pH at the equivalence point for a weak, acid/strong base (or strong
acid/weak base) titration is generally not equal to 7.
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OUTCOMES
On satisfying the requirements of this course, students will have the knowledge and skills

to:

e Sufficient indepth knowledge of acid base concepts is acquired, so that the theory of acid
base titrations can be developed, understood and applied. They should be able to
differentiate between acid and base; identify their strength.

e Quantitative analysis of the concentration of an unknown acid or base solution. It makes

__use of the neutralization reaction that occurs betwee acids and bases
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An acid-base titration (or neutralization titration) is based upon the chemical reacti
between an acid and a base. Various theories have been proposed to explain or classify
acidity and basic properties of substances. Most familiar theory is the Arrhenius theory, but it
is applicable only to water as solvent. Rest other theories are more generalized and there
applicability was better. Mainly five theories are proposed for acid base titrations i.e.

1. Arrhenius theory
Bronsted Lowry theory
Lewis theory
Usanovich theory
Lux flood theory
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2.2 THEORIES OF ACID BASE TITRATIONS 3

1. Arrhenius Theory (H' and OH ): | |
Archenius, as a graduate student, introduced a radical theory in 1f394 (for Whig;
received the Nobel prize). According to him an acid is any substanceﬁ that ionizeg (pa'tial he
completely) in water to give hydrogen ions (which associates with the solyens to

|y Or
, Give
hydronium ions, H,0"). ‘

HA + H,0 «— H;0" +A

A Base ionizes in water to give hydroxyl ions. Weak (partially ionized) bases genery)
ionize as follows: !

B+ H,0 «—BH" + OH"
While strong bases such as metal hydroxide (NaOH) dissociate as
| M (OH), «— M"™ + nOH"
This theory is restricted to water as solvent; because hydrogen and hydroxide ion are
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“Base is a chemical species that reacts with an acid and gives anions or electrons or
combines with cations”.

Fez'{m\ — Fe"(Acid) + e
Fe¥noa + @ > Fe¥’ g
5. Lux Flood Concept (Oxide-ion acceptor-donor)

Lux (1929) and supported by Flood (1947) first introduced the concept of acid-base
reactions with respect to the oxide ion. According to this theory, an acid is the oxide-ion
acceptor and a base is the oxide-ion donor.

MgO (Base) + SiO; (acid) «—s MgSiO;
Ca0 (Base) + SOs (acid) «—s CaSO,
Summary of Acid-Base Theories:

. Name of Theory Acid Base

 Arrhenius Theory Hydrogen ion donor ' Hydroxide ion donor

{ Bronsted-Lowry Proton donor ' Proton acceptor

f Theory |

;‘LLewis Theory Electron pair acceptor Electron pair donor

| . i

5 Usanovich Theory | Cation donor and anion acceptor | Cation acceptor and anion |
fL donor J
 Lux-Flood Theory | Oxide-ion acceptor Oxide-ion donor 3

S J
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This law was first proposed by Goldberg and Wage in 1867 and can be defined as:
‘The rate of a chemical reaction is proportional to the active masses of the reacting

substances”. ‘

Active masses may be represented by the concentration of the reacting substances in
dilute solutions where conditions approach the ideal state. The constant of proportionality is
known as ‘velocity constant.

Now,

Let us consider a homogeneous, reversible reaction,
A+Be—C+D
According to the law of mass action,
Vi = Ki[A][B]
Vo = K2[C][D]



here V; = Velocity of the forward reaction
f - .
Velocity of backward reaction

Vp = )
[A], [B], [C], [D] = Molar concentration of A,B, Cand p ’espeqwe_

K; and K, are constants.
At the equilibrium of the reaction,

Vi = Vp

K1 [A][B] = K[C][D]
K _ [€[D]
Kz = [A][B]

Since, K; and K; are constants, K; fraction must also be a constant.

This result may be generalized as:

When equilibrium is reached in g reversible reaction, at constant temperature, the prody.
of the molecular concentration of the resultants (RHS) is divided by the product of th
molecular concentration of reactants (LHS).

Each concentration being raised to a power equal to the number of molecules of thy
Substances taking part in the reaction, is constant

Hence,
K = Equilibrium constant of the reaction
In extension, the equilibrium constant for the general reversible reactions is,
aA + bB+ cC «—pP+qQ +rR
PIP[QIR]" ;
AP[BIP(CI° |
Where a, b, ¢ and P, g, r are number of molecules of reacting specijes.

It is a mathematical model that explains and predicts behavioy, o —_—
dynamic equilibrium, f solution in




The 59|vent shoulq be non-toxic for its wide use in analysis. It should be liquid at the time
of analysis. The organic solvents are used but it is mainly dependent on their properties such
as -

(i) Self dissociation

(i) Dielectric constant

(iii) Acid base character of solvent

(i) Self Dissociation

Solvents can be classified as dissociating and non-dissociating solvents.
Dissociating solvents such as ‘Ethanol’ dissociates to give ethoxide ion.
CoHsOH «— CHsO™ + H”
Acetic acid gives acetate ion.
CH3;COOH «— CH3CO0™ + H'

Hydrogen ion represents solvated protons and its range varies with the solvent (Solvated
proton means proton bound with solvent). Some solvents dissociates without the production
of solvated protons.

Example: Acetic anhydride
[CH3COl,0 «— CHCOO™ + CH3CO’
Acetic anhydride Acetateion  Acetyliumion

A non-dissociating solvent includes ethers, hydrocarbons. These solvents may dissociate
but it is not usually detectable. It is always possible to define ion product of dissociating
solvent. Here, the solvent is represented by “AB".

AB «— A" + B
lon-product (Ks) can be written as,
Ks = [A"] [B7]

The smaller is the value of K; of a solvent, the greater is the range available for titration.

(i) Dielectric Constant

If analysts assume the solvents as a homogenous medium and the ions present as point
charges, these expressions can be applied for this system also. It can be concluded that
higher the D value of the solvent, smaller amount of energy will separate the ions. It will be
easy to dissolve the ionic solute. In a solvent of high dielectric constant, complete
dissociation of polar ionic solute occurs easily.

Dielectric constants for some solvents are given below:

* Cyclohexane 2.02
¢ Chloroform 481
*  Methanol 326

e Water 78.5
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Acid-base character: |
e classified based on their proton donor-y,
ens

The non-aqueous solvents can b | iy N
properties. The solvent exerts an influence on the acid-base properties o the solute, The, a

classified into four categories.

e Protogenic
e Protophilic
e Aprotic

e Amphiprotic
The dissociating solvent A
anions [Lyate ion].

The lyonium ion is rep
responsible for basic characteristics of solvents.
vents: They are acidic in properties. These solv

B dissociates to give the cation A* [Lyonium ion] and t,

onsible for acidic characteristics of solvent and lyate ion

(a) Protogenic sol ents have relatively
high dielectric constant, they are ionized.
Examples: Acetic acid, formic acid and propionic acid.

(b) Protophilic solvents: They are basic in nature and reacts with acid to form the

solvated proton. These solvents have high dielectric constant. They are ionized.

Examples: Pyridine, Dimethylformamide, ethylenediamine.
(c) Aprotic solvents: These are the solvents which cannot be able to donate hydrogen.

In this solvent both acidic and basic properties are entirely absent.

Examples: Hexane and carbon tetra chloride.
(d) Amphiprotic solvents: These solvents have both protogenic and protophilic

properties.
Examples: Water, Ethanol.
Strong acid or strong base is one in which solqte (acid or base) reacts fully with solvent j
whergas, é weak acid or weak base solution is one in which only partial or insignificant :
reaction with solvent occurs. One can also relate the strength of acid or base with the extent

of ionization.
| Example: HC| is a strong acid in water because it is completely ionized whereag —
acid is a weak acid in water because it is slightly ionized. So, the strength of an acid is rElCet:c
to the concentration of H' ions that are produced on ionization and at any ?ted
concentration will depend upon the value of degree of dissociation. Jven
H,0 + HCl «— H;0" + CI”
HO + CH3;COOH «— H30" + CH3COO0~
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Acid-base character: 4 on their prot

The non-aqueous solvents can be classified base» or e i
properties. The solvent exerts an influence on the acid-base prop
classified into four categories.

on donor-accepty,
the solute. They 4,

* Protogenic
* Protophilic
* Aprotic
* Amphiprotic _ )

The dissociating solvent AB dissociates to give the cation A [Lyonium ion] and th
anions [Lyate ion]. | .

The lyonium ion is reponsible for acidic characteristics of solvent and lyate ion is
responsible for basic characteristics of solvents.

(a) Protogenic solvents: They are acidic in properties. These solvents have relatively
high dielectric constant, they are ionized.

Examples: Acetic acid, formic acid and propionic acid.

(b) Protophilic solvents: They are basic in nature and reacts with acid to form the
solvated proton. These solvents have high dielectric constant. They are ionized.
Examples: Pyridine, Dimethylformamide, ethylenediamine.

(c) Aprotic solvents: These are the solvents which cannot be able to. donate hydrogen
In this solvent both acidic and basic properties are entirely absent.

Examples: Hexane and carbon tetra chloride.
(d) Amphiprotic solvents: ‘These solvents haye both

Protogenic and protophilic
properties.

e
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'Strong acid or strong base is one in which solute

whereas, a weak acid or weak base solution is one

reaction with solvent occurs. One can also relate the st
of ionjzation.

Example: HCl is a strong acid in water because it is co
acid is a weak acid in water because it is slightly jonized 50, the strength of an acid is related
to the concentration of H* ions that are Produced on ionization arkil o
concentration will depend upon the value of degree of dissociation, at any gi

H,O + HCl «— H30* + I~

HZO + CH3COOH — H30+ + CH3COO*

. I5€) reacts fully with solvent
N which only partial or insignificant
rength of acid or bage with the extent

(acid or base)
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\n measurable concentrati
0 t the prot s and reaction does not base is
.4 to accep proton from the acig ot take place unless a bas
300¢ e ;
.. contributing the equations -

Al (_-')Bl-Q-H"'

; ... (21)
B2+ H' «— A, . (22)
e obtain,
A1+BZ+H+ HBl+H++A2
A2+ B+ H" «—Bi+H + A
A1+Bz (_')Bl+A2 (23)
according to the law of mass action
[B4][A2]
K = ..(24
[A1][B] @4
Where, '

The constant ‘K’ depends on the temperature and the nature of the solvent.

This expression is strictly valid for the extremely dilute solutions and by using the above
expression for measuring the strength of an acid, a standard acid-base pair, say Az — Bz, must
be chosen, and it is usually convenient to refer acid-base strength of the solvent.

In water, the acid-base pair (HsO"-H20) is taken as standard. The equilibrium reaction of
acid is therefore. |

A + H,0 «—B+HO’ ... (2.5)
S0, the constant,
. [BlHO7]

Equation (2.5) represents dissociation of the acid A in water and constant 'K’ is closely
related to the dissociation constant A i water. When dealing with dilute solutions, the value
“[H,0] may be regarded as constant and equation (2.6) may be expressed as:

(8] [H'] |
Ka = A .. 27

This equation defines the strength of acid A ,
Example: Ammonium ion. interacts with water as shown by the equation

NH. + H0 «—NH3 # H0"
The acig strength is given bY:

-~ [NHa)H]

Ka = N2l
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So, .
. [NHgH
[NH,] = Ks
Since, any protolytic reaction involving an acid mgs
NH; + H,0 «— NH4+ OH

t also involve its conjugate base,

So,
[NH4][OHT]
Ko = "TINH
Since [H'][OH] = K, (the ionic product of water)
We have
K
Kp = E:L

The value of K, and Kj, for different acids and bases vary throug.h many powers of ten.|
often convenient to use the dissociation constant exponent pK, which is defined as,

1 _
‘ pK = Iogm(;) = -logzok
The larger the pK, value is, the weaker is the acid and the stronger is the base.

Common lon Effect:

A weak el'ectrolyte AB, when dissolved in water will dissociate to

‘and B" ions. If, in this solution, we add a strong electrolyte CB, it will di
ions. So both the electrolytes will give B~ whic

a small extent into

ssociate into C* and!
h is called the common ion effect,

AB «— A" + B~ (Poorly Dissociated)

. CB «—C" + B (Strongly Dissociated)
The effect of addition of CB to solution of AB will thus

ions. This will push equilibrium to backward direction as per
AB «— A"+ B
So, the poor dissociation of AB will further decrease. Thus, whe

ommon ion is added, the
ahe common ion effect

increase the co

Nncentration of
the Ia

W of mass action.

ntoa solution of a wer

dissociation of the we/

ions with a pH under
ure water has a pH of 7 and is neutral. pH!
reciprocal of the hydroge '

solution'. n ion activity, H* in
PH = =-log 10 [HY)
- 1
PH = log .IO[H*]
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. important for measur ¢is
p'”?r:o'rs pOfi are derived fromem: 1 ~f concentration of hydroxide ions (OH") or basic®
2° " |ated to the concentrati PH measurements. The concentration of hydroxide 1on® i
ater i’ ion of hydrogen ions by

[OH] = —x
[H7]
W here,
. _ Kw = Self-ionization constant of water.
raking negative logarithms (-logsg) on both side,
-logy [OH] = —logm[—&i
pPOH = pKy-pH

pOH14131211109v87654321

Gsi@ ey By TiBm@ g0 1 12 13 14
| Fig. 2.1

Water is auto ionized into Hgo(zq) and OH(;q, ions although to a very small extent.

HZO + H,0 Hgo+ + OH _
action 'Ky’ is called the ionic product for water.

The Equilibrium constant for this re
K, = [HO']x [OHT]

At 25°C K, = 1X 107

For pure, neutral water _
[H;0"] = [OH] =

S0 pH of neutral water is 7 becausé

1.0 x 1077 mol/litre

pH = -log [H]
= -log [H:O"]
- -log10x107
= 7

Anything added to water which raises [H;O*] above 1.0 X 10”7 mol/litre, causes [OH'] to

Mmad: |
Sedlately drop below 1.0 X 10~7 mol/litre.
> keeping K, constant at 1.0 X 10" mol/litre.
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- mol HCl dissolved in 1.0 litre H,0, then [H30]

Acid Base T“ratio
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Pharmaceutical Analysis :
Reaction with Strong Acid and Bases: " ol
Strong acid react completely with water to form [F3 ‘

HCl + H,0 —H;O" + crr
(ACID 1) (BASE 1) (ACID 2) (BASE 2)
and form [OH].

Example:

Strong bases also completely react with water

Example: H,O + H «— H, + OH™ ‘
(ACID 1) (BASE1) (ACID 2) (BASE 2) 1
H- in solutions of strong acids and bases i.e. (j

Calculating concentration of H* and O .
= 0.50 mol/litre.

~logzo [H30"]

pH
In Neutral solution pH = 7.0
In Acidic solution pH < 7.0

In Basic solution pH > 7.0
From Ionic product for water

A salt is formed between the reaction of an acnd and a base Usually, a neutral salt i
formed when a strong acid and a strong base is reacted in the reaction:
H*+ OH™ = H0
Most of the neutral salts consist of cations and anions. These ions have slight tendency to

react with water. So, salts consisting ions are neutral.
Example: KNO;, NaCl, CaBr, CsClO,4 are neutral salts.
Cations of the neutral salts: K*, Na*, Cs*, Rb*, Ca*, Mg*, Ba*, 5r*
Anions of the neutral salts: Br™, CI", T, BrO;, CIO3, NO;, Clo;.
When weak acids and bases react, the relative strength of the conjugated acid-base pal
in the salt determines the pH of its solution. The salt, or its solution, so formed can be acidic
neutral or basic. A salt formed between a strong acid and a weak base is an acid salt fof
example NH4Cl. A salt formed between a weak acid and a strong base is a basic salt fof

example NaCH3;COO.

Hydrolysis of Acidic Salts:
A salt formed between a 5"0”9 acid and a weak base is an acidic salt, Ammonia 5 °

weak base, and its salt with any strong acid gives a solution with a pH lower than 7
HCl + NHiOH = NHy + CI” + H,0

Example:
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Here, _ -
HA = Weak acid ,

it tly helpful to hay |

HA (Weak acid) is ionized as H* and A™ has some pKa. .50, it :;:fe?(:“;”f tyhe aF:id a::dh::e
the capacity to relate the pH of a solution of a weak acid to P ol
degree of ionization. . by
The K, (acid dissociation constant) for the reaction can be expressed Dy

pu— H+ A
K= TIHA]
Rearrangement of equation
1 1

| M7 7 (K] [HA]
Taking log on both sides,

1
log ] = pH
1
log = = pkK,
So, final equation will be
A
pH = pK, + Iog‘[HuA]'

This is the well-known Henderson-Hasselbach equation and utili

required in preparation of buffers or other applications. Notice several in
this equation. '

2ed for calculations
teresting facts about

Specific conditions;

Condition 1: If pH = pK, The log value of dissociated and un-diss
- zero. So, the concentrations of both the species will be equal. In other te
PKa and pH equals, the acid will be half dissociated.

Condition 2: When pH increases or decreases by one unit relative
proportion of dissociated and un-associated form of the acid will be 10 folg
a solution is 6 and the pK, is 7, the proportion of [A”]/[ HA] will be 0.1,
ratio would be 0.01 and if the pH was 7, the ratio would be 1.

Condition 3: If pH < pK,, the proportion will be < 1, while if the pH > pk
be >1. Henderson-Hasselbach equation contains a lot of information.

oc.iated acid will pe
Fminology, when the

2 the pK, the |
S. 30, if the PH
: of

i

» the ratiq

Buffers are solutions which by definition resist a change in pH when a small amq

. unt of
acid, base or water is added to it.
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an acidic buffer sojutjq, can b Acld Base Titrations
. ~ate base. For exa € made o .
conjv9 MPle, acetic acig yigy by mixing a weak acid with the salt of its

. H of less th i
with 3 P an 7. The way th sodium acetate would make a buffer solution

; d sodi , , '
B o Zd ithotdl':um h ydroxide as a limitin lly done is to take a solution of acetic (acetic
pas reacted Wit the acid, some aciq yyjj 1, |egﬁr?g°”t to it. Once, all the sodium hydroxide
NaOH + CH along with the salt, sodi
3CO , sodium acetate.
(EXCeSS) OH —— CH'«]COONQ(.q, + H7O + CH;COOH
The solution acts as a buffer ang (left over)

dissociated; s0 there is a ot of acetate in :ceﬂ :tciiod is weakly dissociated, but the salt is fully
n.

C
H;COONa(.q, —— Na* + CH-;COO'
CH;COOH —, CH;CO0O™ + H*

is is usua

If a small amount of acid i
_mbines with acetate shi f:icr:d Is added, the extra H* initially decreases the pH but then
C g the second equilibrium to the left so the concentration of H’

ins unchanged.
remains ged. If a small amount of base is added, the pH initially increases but then

~ jons react wi ‘1
the OH : with the H™ ions to make water, and the acid dissociates more anion and
once again the concentration of H* remains constant.

OH™ + H* — H,0, then
CH3COOH —— CH3CO0™ + H*

A basic buffer solution can be made by mixing a weak base with the salt of its
conjugate acid. For example, ammonia with ammonium chloride would make a buffer
solution with a pH of more than 7. We can also add HCl as a limiting reagent to a solution of
ammonia, so both ammonia and ammonium ion are present in the solution.

NH,Cl — NH,q + CI°

NH; + H,0 — NHy + OH’
If a small amount of H' ions are added, the pH initially decreases and then the weak base,
ammonia, reacts with the H* and causes the pH to increase to its original value.
NH; + H* — NHq
If a small amount of base is added the pH initially increases and then
OH™ +H' — H0
Water is formed and then NH," dissociates to form more H* ions restoring the solution to
its original pH. , ,
Blood is an example of 2 buffered solution. The bjcarbonate jon plays :‘;’EW ";’Pc’t"‘a”t
role in maintaining blood pH- The transport of oxygen in the blood is very pH depencert

HHb" + Oy — H" + HDO2

This binding produces hydrogen ions making the process pH sensitive.

COzsq *+ HOn — H;C0309 — H' wg + HCO3000)
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Acid base titrations are classifieq ; ! JONS -~ .
In fo . ) e
strong acid vs Strong base. Ur categories according to the titration Curves.

weak acid vs Strong base,
strong acid vs Weak base
Wweak acid vs Weak base.

bl S

s S

s.tr°"9 acid or Base:

A. strcgng aCIS IS .Complete|y dissociated into its' component ions in dilute aqueous
solution. Strong base is also completely dissociated into its' component ions.

Examples: HCl, Hy5O4, NaOH, KOH etc.
Weak acid:

A weak acid is one which is incompletely dissociated. The extent to which it dissociates is
characterized by K.

Example: CH3;COOH.

Weak base:

A weak base does not ionised fully in an aqueous solution. The extent of dissociation of
dissociates is characterized by K.

Example: NH4OH.

Buffer solution:
It is a solution of substance or a mixture of substances which helps in maintaining and

establishing pH.

If we study the changes in the hydrogen ion concentration during the course of titration
we get a clear idea about the mechanism of neutralization process. The pH value of greatest
importance is the one near the equivalence point as it helps us in selecting an indicator
which will give the smallest titration error. The curve obtained by plotting pH as ordinate
against the percentage of acid remaining during titration is known as neutralization curve or

more generally titration curve.
Classification of Acid-base titration is described below:

L Strong Acid with Strong Base Titration:
When a strong acid and a strong base are mixed together, as in titration one by other,

the reaction can be represented as:
H" + OH «— H,0
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0.1 N NaOH

Indicator

= b
Y

-0
X
Z
b
o

Strong acid vs. Strong base titrations

Fig. 2.2
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pH

1N

Volume of NaOH —

Fig. 2.3: The pH titration curve of strong acid (HCI) vs strong base (NaOH)
g.2.3:

2. Weak Acid with Strong Base Titration:

This type of titration may be represented as
HA +OH = HO+A

HA represents a weak acid that is why it is written in the un-dissociated form. There an
three important differences between this titration and a strong acid and a strong bage

titration.

Indicator

0.1 N CH,COOH

Fig. 2.4: Weak acid vs. Strong base titrations
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© The i, 55100 can be summarized by stating that,
] The ‘Nitial pH is higher
er ‘ '
] BHte of Increase of pH during the titration is greater.
PH at the €Guivalence point is higher.

14 F
12 F
ool
pH 8F Equivalence
C point

I
!
I
|
I

I
WIS NS RS NS B B S

FL
5 15 25 35 45 55

Volume NaOH added (ml) —*
of weak acid (CH;COOH) and strong base (NaOH)

0

3 :9. 2.5: The pH titration curve
. ea!( Base with Strong Acid Titration: . :
Consider the titration of 0.1 M and 0.1 N aqueous ammonia solution with 0.1 M and 0.1y
HCl solution.
The reaction involved is,
NH,0H + HCl —s NH,Cl + H,0

The salt NH,C| undergoes hydrolysis.
NH; + H;0 — NH,OH + H*

N

Fi
]
g
: |
4
)ﬁ;
;Z//-
2

SRR




PH 14 - Rapid fall of pH to start
/ with, but the rate of fall
slows down

Equivalence

: point
I

25 .
Volume of acid added (cm’)
Fig. 2.7: The pH titration curve of strong acid (HCl) vs weak base (NH,OH)
4. Weak Acid with Weak Base Titration:
Consider the titration of 0.1 M CH3;COOH with 0.1 N NO,OH.
CH;COOH + NH;0H —— CH3;COONH, + H0O
The salt formed, CH;COONH,, undergoes hydrolysis,
CH3COONH, + H,O0 — CH3COOH + NH,OH
The disadvantage in such titrations is that, the inflection on the pH neutralization cu.ve s
&1y small near the equivalence point.




0.1 N NH,OH

Mixed indicator

0.1 N CH,COOH

Fig. 2.8: Weak acid vs. weak base titrations

For example:

ith more dilute solutions the ri
at the equivalence point is

noted that, if the pH change
hange and accurate result c

difficult to judge the coloyur C
titration, equivalence depends
If K, = Ky then pH =7
If Ky > Ky then pPH > 7

If K, < Ky, then pPH < 7
Generally, mixed indicator is used for these titrations.

e pH near the equivalence Poin;
se in pH is smaller. It should be

smaller than 2 PH units, it is ven
ann
on the relative values of dissocj

Ot be achieved. In this type of
ation constant.

PH =7 Equivalence
point

Fig. 2.9: The PH titration Curve of weak acid (CH

3COOH) vs. weak base (NH,OH)
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SO i

. ‘ at a parti chemical
cators are weak acids or Which exhibits particular stage of a
ind weak b differe

_ i a . nt colours at various values of pH.
acid forms. Most Indicators are %S Which have differ

|
-|ndicator is @ substance oy ST
" Ich a ‘ N e
[ ction” These are the Substances Xhioits coloyr change
%
E used

3nd . ‘
ect an indicator which wi) show a gis

- _int. Two theories of indicators are p
-~ ostwald Theory:

in dil ent colours in their conjugate base
'ute solution form. For an acid base titration we

tinct col
our change at pH close to the equivalence
roposeq. P q

according to this theory "The u'\disso?e behaviour of indicators was given by W. Ostwald
. . l s . )
gifferent than its ions". For an acid in ted indicator acig (HIn) or a base (InNOH) has a colour

dicator equivalence can be written as
Hln —_— H‘ +1In

In an acid solution, there j . ‘
#ect. In alkali solution ioni !S a‘depresgoﬂ of ionization of indicator due to common ion
ertect. 1zation Increases and solution acquires ionized form.

| HIn «—H +In
By applying law of mass action,

; _ [H][In"
E KIna = [HIn]
F . HIn
' [H] = Klngx ]
Taking log on both sides
. HIn
log [H"] = log KIn, + log ]
Taking negative log
. [HIn]
-log [H"] = -log Kin, - log n]
[In7]
pH = —|Og Klna + log [Hln]

pH = pKIn, + Iog‘[[:j‘nl_n%
ndicator. The colour of the indicator depends upon the
ed form and hence directly proportional to pH.

alence point false within the transition

KIn, is dissociation constant of i .
"atio of concentration of ionized and unioniz

_ The indicator should be such that the pH at equiv
Merval of the indicator.
ReSOl\ance Theory:

All the acid base indicators which are commonly used are organic compounds. The

d in acid and base medium is apparently due to



Y 4% A N
wn by the compound is associated with "
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le light and this capability is related tq t

- ms. Colour sho

form .
, ture of two he visib . : b
{ifference N struc orb th i [
{ \‘m.mv of the compound 1 ahslpmom( (eatures will result in the absorption of differg,
capab . the e ‘ ‘
anc emn an e
electronic structure. ¢ h, ”p’t with a resuftant colour chang
Igh

colour components of

HO O OH

OH
CoO
O
Colourless OH~
o o} O- 0]
——————
coo COO0
Pink/Red colour Pink/Red colour

The Pink/Red colour in alkaline solution is due to increased possibility of resonan:
between various ionic forms.

' 2.14 INDICA

Strong acid strong base titrations:

Example: Methyl orange, Methyl red, Phenolphthalein Bromothymol Blue, Phenol Red
Weak acid strong base titrations:

Example: Phenolphthalein, Thymolphthalin, Thymol Blue.

Strong acid weak base titrations:

Example: Methyl orange, Methyl red, bromophenol, Bromocresol green.

Weak acid weak base titrations:

Example: Mixed Indicators,



o
Table 2.1: List . 2
of conwcamr in acid base titrati ns R4

No- Indicator name _— 11
Pr range Acidic m“"W

sr- —
}1/ Thymol blue 12-28 Blue J //’@Igg_w_/
2. Bromophenol blue 3.0-46 vell Blue \
— ) . ellow D A,
f{/ Methyl orange 31-44 Red Orange
4 | Bromocresol green 38-54 ‘k/
s | Methyl red 42 - 6.3 Ye"t:w L__ii%’:/
/5/ Phenol red | = |
PR _ 6.8 -84 Yellow \ ‘_____3_99,___—_-%
7 Phenolpthalein 83-110 Colourless | ’ED—‘(—/E?E'"
gives colour

According to the type of titration, we choose the appropriate indicator which
change at defined pH range.

mixed Indicators

When weak acid and base is involved in titration, the pH ra
colour change is required to identify the en
rs are not able to show sharp colour change at the end point when pH
nits. Mixed indicator is used to overcome the problem which is the
an one indicator with close pK, values. Colour changes are
olours at various pH ranges.

nge is very narrow at the end
point, o sharp d point. Ordinary acid base
titration indicato
change is less than two u

combination of more th
complementary colours after overlapping of different

Example 1:
hol) and methylene blue (0.1% in alcohol) gives a sharp

Neutral red (0.1% solution in alco
colour change from violet blue to green from acidic to basic solution at pH 7.

Example 2:
hanol) and phenolphthalein (1 part of 0.1%

Methyl green (2 parts of 0.1% solution in et
solution in ethanol) gives colour change from gray to pale blue at the pH range 84 -88.

Bample 3:
Thymol blue (3 parts of 0.1% aqueous solution) and cresol red (1 part of 0.1% aqueous
%lution) gives colour change from yellow to violet at the pH 8.3.
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NONAQUEOUS ACID-BASE TITRATION.

= to titrate for a mix of acids or the bases

0 to titrate for a mix of strong and weak
acids (bases)

u to titrate separately for a mix of acids
(bases) with near constants of dissociation

m to define substances which are insoluble
In water.

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




Non- agueous titrations have the following
advantages

- Organic acidsand bases tretare insoluble inwater are soluble innon- aqueous solvent
Anon-agueous solvent may help tao are more acids in mixiure. The individual acid can give separate

end pointin different solvent

- Enlargement of solubility range: many sulbstiances thet are not soluble: inwwater can be easily titrated in weter-
freemedia (e.g. fatsand oils) Enlargerment of application range: weakioases and acids canbe easily
fitrated

U
Sulbsiance compositions thet cannat be separatiely determined in agueous medlia can often be titraied

- Innonagueous media
Nonagueous soverts are useful for thetitrationof very weskacids or bases thetcannotbe titraied in waier
Non acueous titrationsare simple and accurate, examples of non agueous titrationare :

- Ephedrine preparations, codeine phogphaie in APC, etracycline, teramyain, Anti- hisaminesand
various piprazine preparations.

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




What 1s non-aqueous solvent & 1t's types

- Solvent which are used in non aqueous titration are called
non aqueous solvent.

- They are following types:-

1. Aprotic Solvent

> Protogenic Solvent
2 Protophillic Solvent
. Amohiwotic Sofvert

*
Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




1.Aprotic solvent

chemically inert and they work as a catalyst. Like this solvent are increase the
rate of speed in reaction and also decrease the rate of speed in reaction
during the chemical process or reaction it will depend on condition.

Neither acidic nor basic (inert solvent),

The most important examples of aprotic solventare

Chioroform

Benzene

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




2. Protogenic solvent
l®)

 Protogenic solvent are acidic in nature. Andthey
can donate the proton, and they enhance the
strength of ek
bases. Examples of Protogenic
solvent are
"HCL
"Hso,
N Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




3.1’1‘()t()pllillic solvent

"' Protophillic solvent are basic in nature. Which
possess a high affinity for proton.

Examples:-Liquid ammonia, amines and ketone.

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




4. Amphiprotic Solvent

- Amphiprotic solvent are those solvent they wark as
a both mean Protogenic or Protophillic. it means
Amphiprotic solvent are acidic and basic in nature.
And they are accept the proton and donate
the proton.

For exampiles:- Water, Alcohols and weak organic
acids

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




Effect of solvents

» Levelling solvents:

In strong protophilic solvent,all acids act as if they
were of similar strength.Similarly in strong protogenic solvent
all bases act as if they were of similar strength.Solvents which
act in this way are known as levelling solvents.

» Differentiating solvents:

The weak acid and weak bases are differentiating
solvents.

-

‘ Prof. Nusrat K. Shaikh,
| Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




Detection of end point

. Visual indicator are formed to the most suitable for the detection
of end point in non-aqueous titration.

- The important indicator used for non-aqueous titration are
follow:-

1. Crystal voilet- it is used as 0.5% solution in glacial acetic
acid, it gives voilet colour in basic medium and yellowish
green in aciklic medium.

- It is most widely use for the titration of pyridine with

prechloride acid.

2. Oracet Blue B Indicator:- ltis prepared 0.5% glacial acetic

id. It gives blue colour in basic mediuim while pink

ic medium.

Prof. Nusrat K. Shaikh,
ical Oualitv Assuurance Smt N M Padalia Pharmacv Colleae Ahmedabad

- Accistant Professor i




Selection of Solvents for NAT

Acetic acid used for titration of weak bases,
Nitrogen containing compounds

Acetonitrile/ with ACOH: Metal ethanoates

Aicohols (IPA, nBA) : Soaps and saits of organic
acids,

DMF: Benzoic acid, amides etc

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




Titrants for NAT

"'Perchioric acid in acetic acid

- Amines, amine salts, amino acids, salts of acids
"~ Potassium Methoxide in ToluenedViethanol
" Quan ammonium hydroxide in Acetonitrile-

pyridine

> Acids, enols, imides &sulphonamides

Prof. Nusrat K. Shaikh,

Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




ASSAY BY NON-AQUEOUS
TITRATIONS

JAcidimetry in Non-agueous Titrations— Kcan
be further sub-divided intotwo heads, namely :

(i) Titration of primary, secondary and tertiary amines,
and
(W) Titration of halogen acid salts of bases.

JAlkalimetry In Non-aqueous Titrations —
titration of acidic substances

-

Prof. Nusrat K. Shaikh,
Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




ACIDIMETRY IN
NON AQUEOUS TITRATIONS

Example : Primary amines

METHODOLOGY: four steps

7(1) Preparation of 0.1 N Perchloric acid,

1(il) Standardization of 0.1 N Perchloric Acid,
J(ii) Choice of Indicators, and

1(iv) Effect of Temperature on Assays

-

Prof. Nusrat K. Shaikh,
Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




PREPARATION OF 0.1 N PERCHLORIC
ACID

0 Materials Required : 8.5 mlof perchioric acid (70.0 to 72.0%)
; 1 Litre of glacial acetic acid ; 30ml of acetic anhydride.

0 Procedure : Gradually mix 8.5 ml of perchioric acid to 900 mi
of glacial acetic acid withvigorous and continuous stirring. Now
add 30 ml acetic anhydride and make up the volume to 1 litre
with glacialacetic acid and allow to stand for 24 hours before

0 The acetic anhydride reacts with the water (approx. 30%) in
perchioric acid and some traces in giacialacetic acid thereby
Ing the resulting mixture practically anhydrous. Thus, we
have:
H0 + (CH:CO):0 — 2CH:COOH

Prof. Nusrat K. Shaikh,
Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




STANDARDIZATION OF 0.1 N
PERCHLORIC ACID

7' Weigh accurately about 0.5 g of potassium hydrogen
phthalate in a 100 mi conical flask.

- Add 25 ml of glacial acetic acid and attach a reflux
condenser fitted with a silica-gel drying tube. Warm until
the salt gets dissolved completely. Cool and titrate with
0.1 N perchioric acid by making use of either of
the following two indicators:

7 (a) acetous crystal violet-2 drops, end point Blue to
Blue-Green (0.5% wh)

1 (b) acetous oracet blue B-2 drops, end point Blue to
Pink.

-

Prof. Nusrat K. Shaikh,
Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




CHOICE OF INDICATORS

S.No. Name of Indicator Colorchange  Observed Acidic

=i
Neutral

1 Crystal violet (0.5% wi/v Violet Bluish Yellowish
In glacial acetic acid) green green

9 Oracet Blue B(0.5% in Blue Purple Pink
glacial acetic acid)

3 a-Naphtholbenzein Blue Orange Dark-
(0.2% in glacial acetic green
acid
Quinalidine Red Magenta Almost
(0.1% in methanol colourless

Prof. Nusrat K. Shaikh,
Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.




PRECAUTIONS

(a) Perchloric acid is usually available as a 70 to 72% mibdure with

and, ﬂgreforel,y ituis avalllableadways in the form of asolution.

(b)Cawers_ionofaoelicanhggiridetoaoelicaciplrequi[aM _
minutes for its completion. It being an exothermic reaction, thesolution
must be allowed to cool to room temperature before adding glacial

acetic acid to volume,

(c) Avoid adding an excess of acetic anhydride especially when
Bgmyammﬂg}lmambbeng , because these may

R—NH2 + (CH3CO0)-0 —R.NH.(CH3CO) + CH3COOH
Primary amine Acetylated product

R R R g e ko

Prof. Nusrat K. Shaikh,
Assistant Professor in Pharmaceutical Quality Assurance, Smt. N. M. Padalia Pharmacy College, Ahmedabad.
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Unit IT Non Aqueous Titration - Acidimetry and Alkalimetry 1

Estimation of Sodium Benzoate by NAT :-

COONa

Sodium Benzoate :
Formula : C7HsNaO>
Mol. Wt. 144.1

Sodium Benzoate contains not less than 99.0 per cent and not more than 100.5 per cent of
C7HsNaQOa, calculated on the dried basis.

Description : A white, crystalline or granular powder or flakes; odourless or with a faint
odour; hygroscopic.

For the Estimation of Sodium Benzoate :

Preparation of 0.1N solution of HCIO4 and its standardization: Dissolve 8.5 ml of 72%
HCIO4 in about 900 ml glacial acetic acid with constant stirring, add about 30 ml acetic
anhydride and make up the volume (1000 ml) with glacial acetic acid and keep the mixture
for 24 hour. Acetic anhydride absorbed all the water from HC1O4 and glacial acetic acid and
renders the solution virtually anhydrous. HC1O4 must be well diluted with glacial acetic acid
before adding acetic anhydride because reaction between HCIO4 and acetic anhydride is
explosive.

Standardisation of HC1O4 : To 500 mg of potassium acid phthalate add 25 ml of glacial acetic acid
and add few drops of 5% w/v crystal violet in glacial acetic acid as indicator. This solution is
titrated with 0.1 HC1O4. The colour changes from blue to blue green.

Assay Procedure : Weigh accurately about 0.25 g of Sodium Benzoate, dissolve in 20 ml of
anhydrous glacial acetic acid, warming to 50° if necessary, cool. Titrate with 0.1 M
perchloric acid, using 0.05 ml of 1-naphtholbenzein solution as indicator. Carry out a blank
titration.

Equivalent or LP factor : 1 ml of 0.1 M perchloric acid is equivalent to 0.01441 g of
C7Hs5NaOo.

Calculations :
% Sodium Benzoate = X ml X Normality (Calculated) x 0.01441 x 100

N(Given) x Wt. of sample(in gm)

Where,

X ml = Volume of titrant consumed at end point

Normality Calculated = Normality of Perchloric acid after standardisation
Normality Given = 0.1 N (theoretically)
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Estimation of Ephedrine Hydrochloride by NAT :-

Ephedrine Hydrochloride : C;)H

Formula : C10H1sNO,HCI ' NHCH3
Mol. Wt. 201.7 = .
GH, *HC

Ephedrine Hydrochloride contains not less than 99.0 per cent and not more than 101.0 per
cent of C10H15NO,HCI calculated on the dried basis.

Description : Colourless crystals or a white, crystalline powder; odourless. It is affected by
light.

For the Estimation of Ephedrine Hydrochloride :

Preparation of 0.1N solution of HCIO4 and its standardization: Dissolve 8.5 ml of 72%
HCIO4 in about 900 ml glacial acetic acid with constant stirring, add about 30 ml acetic
anhydride and make up the volume (1000 ml) with glacial acetic acid and keep the mixture
for 24 hour. Acetic anhydride absorbed all the water from HC1O4 and glacial acetic acid and
renders the solution virtually anhydrous. HCIO4 must be well diluted with glacial acetic acid
before adding acetic anhydride because reaction between HCIO4 and acetic anhydride is
explosive.

Standardisation of HC1O4 :To 500 mg of potassium acid phthalate add 25 ml of glacial acetic acid
and add few drops of 5% w/v crystal violet in glacial acetic acid as indicator. This solution is
titrated with 0.1 HCIO4. The colour changes from blue to blue green.

Assay Procedure : Weigh accurately about 0.17 g of Ephedrine Hydrochloride, dissolve in
10 ml of mercuric acetate solution, warming gently, add 50 ml of acetone and mix. Titrate
with 0.1 M perchloric acid, using 1 ml of a saturated solution of methyl orange in acetone as
indicator, until a red colour is obtained. Carry out a blank titration.

Equivalent or L.P factor : 1 ml of 0.1 M perchloric acid is equivalent to 0.02017 g of
Ci10H1sNO,HCI.

Calculations :
% Ephedrine Hydrochloride = X ml x Normality (Calculated) x 0.02017 x 100

N(Given) x Wt. of sample(in gm)

Where,

X ml = Volume of titrant consumed at end point

Normality Calculated = Normality of Perchloric acid after standardisation
Normality Given = 0.1 N (theoretically)
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Chapter ... 3

NON-AQUEOUS TITRATIONS
-

¢ LEARNING OBJECTIVES
o To describe the necessity of the non-aqueous titrations.

o Toidentify the solvents applicable for non-aqueous titrations.

o o describe why the non-aqueous titrations are highly useful for weak acids and Bases.

OUTCOMES

On satisfying the requirements of this course, students will have the knowledge and skills
to:

+  Requirement of non-aqueous titrations, levelling effects of solvents and nature of the
solvents. | |

* Quantitative analysis of the weak acids and bases by non-aqueous titrations.

Most of the titrations are performed in the aqueous media, means water is used as
solvent. There may be difficulty if reactant is insoluble in water or reactant is reactive with
water or the analyte (sample) is either too weak acid or too weak base.

Those too weak acids or bases can not be titrated in aqueous solution due to the
amphiprotic behaviour of water (i.e. water can react as an acid on titration with. a base an.d
act as a base on titration with acid). So water will compete with the sample if it is weak acid
Or weak base. |

The simple solution for this problem is to replace water as s'olve.nt ”wnth another
Non-aqueous solvent. So this type of titration is named “Non-Aqueous Titration".

Reasons for Non-aqueous Titrations: N
The reactant is insoluble in water: If the reactant compound is ins
"ON-aqueous solvent is mandatory to dissolve the compound.

oluble in water, then

(3.1)
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with water and converts its
queous titration methog |

Pharmaceutlca ‘ .
actant IS reac_tlve

1 +h water: If the re
ve with then also non-a

The reactant is react :
hen dissolved in water,

chemical composition W

used. e
The sample is too weak acid or too weak base: 1T U

or base, then dissociation of the compound wil! be .very
ion cannot be achieved and non-aqueous titration Is pré

(3.2 TYPES OF SOLVENTS IN NG
Protogenic solvents:
These are acidic solvents and used to enhance the basicity of weak bases.
Examples: Glacial acetic acid. (Anhydrous acetic acid is called glacial acetic acid, it is freq
from water content and solidifies at 16.7°C):

Protophilic solvents:
These are basic solvents and used to enhance the acidity of weak acids.

Examples: Pyridine, Ethylenediamine and Dimethylformamide (DMF).
Ampbhoteric solvents: _

pound is very weak aciy

e reactant com t
' entrati
gh conc on of the

less and enou
ferred method.

These solvents behave as acid as well as base de [
' pending on the substance di .,
They can accept or donate protons. dissolved in it

Examples: Alcohols, Ethanol, Methanol.
Aprotic solvents:

a

Examples: Benzene, Carbon tetrachloride.
Selection of solvent:

g the

T : .
he selection of solvent in non-aqueous titration is based on:

Solubility of drug: The weak acidi [
. : acidic or basic drug sho i
at the same time must be miscible with the fitrant ° HESR SRS in the Solverit whic
Nature of drug: The solvent i .
. : ent is i
acid or weak base. used according to the nature of drug, whether it is wesk
u I3 * i )
. nhreacttvity: The solvent should be unreacted with the dr
ected Examples of Non-Aqueous Solvents: -

Many inorgani
ganic solvents are used i
solvents are |j used In non-aqueous titrati .
isted below: Itrations, but
' » but most commonly used

T e
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3.3
2 Acetonitrile (CH;CN): Non-Aqueous Titrations

Methanol, ethanol, propang|, butanol ang '
oolar and non-polar reactants in Non ethylene glycols are used as solvents for both
" ster content queous titration. All the solvents should be free from

on
. I O
ioxane is also used i : o S
Di used in non-aqueous titration as a replacement of glacial acetic acid.

Dioxane is not a levelling solvent.
5. Dimethylformamid (DMF):

4, Dioxane:

0

H/U\T/CHs

CH,

DMF is a protophillic solvent and commonly used for titration of amides and benzoic acid
in non-aqueous titrations.

The acidity of weak acids can be enhanced in presence of a basic solvent. This is because
basic solvent has a higher affinity to take up protons from the acid. So acetic acid behaves as
a strong acid in ammonia solution (basic solvent). Also the basicity of weak bases can be
enhanced in presence of acidic solvent. This is called the levelling effect of the solvent. By
using this concept, the strength of weak acidic or weak basic drugs can be enh.anced by
dissolving it in the appropriate solvent to enhance its strength and then can be titrated by
acid-base titration (non-aqueous titration). |

Moisture should be avoided in non-aqueous titration to |r.1creasje tt?e sharpness of the
®nd point; also témperature should be kept constant during titration due to higher

Cefficients of expansion of organic solvents.

Differentiating Solvents: Degree of dissociation varies for different acids or basis in
iating :

. . N
diﬁerentiating solvents; means these types of solvents do not gives levelling effec.
Example: A strong acid acts as @ levelling solvent for bases, but a weak acsld acts TS a
i & A stron on not occurs. Same rule is
dn‘f‘"entiating solvent for the acids,
TPplicable for strong basic and weak basic solvents.

because complete dissociati



A

ety - non-aqueous titration.
* It invo?/’es the quantitative determination of weak bases by
Alkalimetry:

: ' non-aqueous titration.
It involves the quantitative determination of weak acids by q

Alkalimetry

Details Acidimetry . — W

Sampl Basic drugs such as: Ephedrine, | Acidic drugs such as: acy
amples: | )
Adrenaline, Caffeine, Acyclovir. Flurouraci

i h as: DMF
Solvent: Protogenic solvents such as: glacial | Protophilic solvents suc :

acetic acid .
[ ' thoxide.
i - Perchloric acid HCIO, Sodium me
Titrant erc | \‘
Indicator: | Crystal violet (0.5% in glacial acetic Thymol blue (0.5% in methano)

acid) Colour change from violet to Colour ch
yellowish green,

correct end
d at the same time

carrying out a potenti

Point can pe determined by
of the indicator.

Ometric titration an observing the colour change

List of commonly used ingj

cators in NoNn-aqueo
I Crystal Violet (0.5%

Us titrations are given b
W/V solution in glacial acetj

elow:
C acid)

HaC\N _~CH,

HiC
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Non-Aqueous Titrations

. followed b . .
ctions in which bases such as pyridine & Y green, then to greenish yellow, In

re titrated with perchloric acid.
ne)

~

COOH

CH,
Colour change: Yellow to red colour.

3 Naphthol Benzein (0.2% w/v solution in glacial acetic acid)

Colour change: Yellow to green colour change. It gives sharp end points in nitro
methane containing acetic anhydride for titration of weak bases against HCIOj.
4. Quenaldine Red (0.1% w/v solution in ethanol)

Colour change: Purple red to péle green. \
. Thymol Blue (0.2% wW/V solution in methano




pharmaceutical Analysis

Colour change: yello

Table 3.1 enlists t

oying the same titrant ie. 0

w to blue at the end point.

ination
he various cognate determina

1 N perchloric acid.

s using different indicatorg by

us titrations

e Table 3.1: Acidimetric indicators for non-aque jndicatof Employed
Name of Substance | —
er. = Amantadine hydchb,l,?_ri_df.’—ﬁ~c'r!sml Vfo:ez
; Cyproheptadiene HCl Crystal Vfo - |
o o _—l;e—l;ydroemetine HCl Crystal v|.olet j
‘,_‘__:__———a Ephedrine hydrochloride Crystal violet \;
- 5 Imipramine hydrochloride Crystal violet ]
6 Isoprenaline hydrochloride Crystal violet ‘
7 Lignocaine hydrochloride Crystal violet ‘
8. Morphine hydrochloride Crystal violet ﬁ
9. Morphine sulphate Crystal violet |
10. Phenylephrine hydrochloride Crystal violet
13 Thiabendazole Crystal violet
12. Chlorpromazine hydrochloride | Methyl orange
13. Promethazine hydrochloride Methyl orange
14. Clonidine hydrochloride a-Naphthol benzene \
13. Phenytoin sodium a-Naphthol benzene Q
Table 3.2: Alkalimetric indicators for non-aqueous titrations
____Sr.No. Name of Substance Indicator Employed
,\I.M Bendrofluazide Azo violet o
— & Acetazolamide Potentiometric determination |
\L‘*&Hr_ﬂnylobarbiione\\ Quinaldine red 44
— % | Alopurinol | Thymol blue -
?“““‘--Z'\\Nﬁmmﬁ,xjhymol blue o
— 2 | Nahdtxgc acid Thymolphthalein )
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Non-Aqueous Titrations
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| rePa’ation of Reagents:

——— of 0.1 N HCIO;;

mix 8.5 ml of ic aci
gradually Perchloric acid to 900 ml of glacial acetic acid with vigorous and

1 irring. Now, ad . .
| Contmuous st | g d 30' ml acetic anhydride and make up the volume to 1 litre with
| gacial acetic acid and allow to stand for 24 hoyrs before use

| gxperimental Methodology:

, Weigh accurately about 0.5 g of potassium hydrogen phthalate in a 100 ml conical flask
and add 25 | of glacial acetic acid and attach a reflux condenser attached with a silica-
gel drying tube.

) Warm the conical flask until the salt gets dissolved completely.

 Cool and titrate with 0.1 N perchloric acid by using acetous crystal violet indicator

(2 drops).
i, Colour at the end point will be blue to bluish-green.
5. Accurately weigh about 0.25 g of sodium benzoate and dissolve in 20 ml of glacial acetic

acid, heat the solution at 50°C if required and cool.
b Titrate the above solution with 0.1 M perchloric acid, using acetous crystal violet indicator

2drops) solution as indicator.
" Clour at the end point will be blue to bluish-green.

0.01441 g of C;HsNaO; |
normality of HClO4 x 0.01441 x 100

)x 0.1 (Expected normality of HCIO,)

Each ml of 0.1 N HCIOs =
vol. of HCIO4 X Actual

0/ i .
opUI‘Ity of C7H5Naoz — Welght Of C7H5NaOZ (m g
RQS“'ts: |

- s found to be x %.
Percentage pu ity of the given sample of sodium benzoate wa
rity o :



n-Aqueous T'tfau“ '
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Pharmaceutlcal Analyslis

Colour at the end point

Colour at the end point (Blulsh-green)

(Bluish-green)

0.1 N HCIO,

Crystal violet Crystal violet

25 ml CH,COOH 20 ml CH,COOH
0.25 g C,H;NaO,

Step 1 ‘ Step 2

0.5 g CgHs0,K

Principle:
Assay of ephedrine HCl is based on non-aqueous acid base titration method
HCIO4 + CH;COOH «— CH;COOH; +ClO;

Onium ion

C10H1sNO + CH3;COOH — CoHisN + HO + CHsCOO"
Ephedrine Protonated

+ ephedrine
CH3COOH, + CH;C00" «— 2CH3CO0H

Preparation of Reagents:

Preparation of 0.1 N HClO4

00 : ,
ml of glacial acetic acig with vigorous and

ydride and make
up the voly ; :
urs before use. me to 1 litre with

Eontt .
cl)nt.lnuous stirring. Now, add 30 m| acetic anh

9'acial acetic acid and allow standing for 24 h
0



harmaceutwa- —==
pgrmee

;mental Methodology:

r
pPe h accurately about 0
b Z::d add 25 ml of glacial acetic ag assium hydrogen phthalate in a 100 ml conical flask

d .
el drying tube. and attach a reflux condenser attached with a silica-

Warm the conical flask until the g4t
2 d titrate with :
3 cool an 01N
' 2 dFOpS)'. .

Colour at the end point will be blue to
pissolve 0.5 g ephedrine hydrochlori
" Jiolet indicator and titrate with stan

pluish green.

6. Glacial acetic accepts the proton from perchloric acid to form the o.nium ions which is the

sctual titrating species. The onium jons react with ; o .
. . ac d after protonation
of ephedrine hydrochloride. etate ions liberated after p

calculation:

3. :
S Non-Aqueous Titrations

. hgﬁ‘t.s dissolved completely.
Perchloric acig by using acetous crystal violet indicator

bluish-green,

de in glacial acetic acid, add few drops of crystal
dard perchloric acid till the appearance of blue to

Eachmlof 0.1 N HC|O4 = 0.02017 g of C1oH1sNO.HCI
4 ity Of CroHisNOHC = VoI.ume of HCIO, x Actual normality of HCIO4 x 0.02017 x 100
Weight of C;HsNaO, (in g) x 0.1 (Expected normality of HCIOy)

Result:
Percentage purity of the given sample of ephedrine hydrochloride was found to be x %.

Colour at thé end point

Colour at the end point
(Bluish-green)

(Bluish-green)

0.1 N HCIO, - 0.1 N HCIO,

iolet
Crystal violet Crystal viole

20 ml CH,COOH
0.5 g C10H15NO'HC|

| 25 ml CH,COOH

05 g CBH504

' Step 1
| Fig. 3.2: Assay of C1oH1sNO.HCI .

A



Non-A
Pharmaceutical Analysis 3.10 Aqueous T

- itral

RO

Define non-aqueous titrations?

|

2. Enlist types of drugs analyzed by non-aqueous titrations.

3. Enlist types of solvents used in non-aqueous titrations.

4. Explain differentiating solvents.

5. Give details about acidimetric and alkalimetric titrations.

6. Give the preparation and standardization method of 0.1 N perchloric acid.
7. What do you understand by levelling effect of solvent?

8. What are the indicators used in non-aqueous titrations?

9. Write a note on estimation of Ephedrine HCI by non-aqueous titrations.

10. Write a note on estimation of sodium benzoate by non-aqueous titrations.

%



