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Theory of Indicator

There are two common methods for determining the
equivalence point of an acid base-titration.
1. Plot a titration curve using PH-Meter to monitor PH. The
centre of the vertical region of the PH curve indicates the
equivalence point.
2. Use an acid-base indicator, which marks the end point of
a titration by changing colour. The equivalence point
(stochiometery point) is not necessarily the same as end point
(where the indicator changes colour)
* We can choose an indicator so that equivalence point
and end point are close enough that error is neligible.

The most common acid-base indicators are complex
molecules that are themself are weak acid and are represented
by HIN. They exhibit one colour when the proton is attached
to the molecule and different colour when proton is absent.

For Example:– HPH, a commonly used indicator is
colourless in its HIN form and pink in its IN– or basic forms.
* MEOR indicator is yellow in basic solution and red in
acidic solution.

End Point:– Stage during titration at which completion
of reaction between acid and base indicated by simply colour
change of indicator. It gives rough result.

Equivalence Point:– Stage during titration at which
completion of reaction between acid and base indicated by
PH meter. It gives correct result.
At equivalence point, Meq. of acid = Meq. of base.

Note:–   1. When we choose an indicator for titration, we
want the indicator end point (where colour change) and
equivalence point to be as close as possible.
2. MEOR indicate end point in acidic medium while HPH
indicate end point in basic medium.
3. Presence of indicator does not affect the reaction between
acid and base it is due to

(a) Indicators are week organic acid or base (Ka or Kb
value is less)

(b) It added in very small quantity
4. Indicator dissociation or ionization affected by reaction
between acid and base due to common ion (H+ or OH–)
5. Acid indicator represented by HIN where as basic
indicator represented by INOH.

* HIN                H⊕⊕⊕⊕⊕  + IN–

                               H⊕⊕⊕⊕⊕     ––––→→→→→   Common ion

Provided by Acid base Reaction
Due to common ion H+ dissociation of HIN decrease.
* INOH       IN+ +    OH–

                    OH–  ––––→→→→→ Common ion

Due to Common ion dissociation of INOH decrease.

* HIN             H⊕⊕⊕⊕⊕ +          IN–

                         H⊕⊕⊕⊕⊕    ––––→→→→→ Produce by acid base
               reaction

Ka (HIN)    =

[H+]   =

Taking log both side
log (H+)   =   log Ka + log           (–1)

–log (H+)   =   –logKa + log

PH   =   PKa + log

Note:- [H+]   =   [H+] produced by HIN + [H+] produced by
         acid base reaction

[H+] produced by acid base reaction >> [H+] produced by
HIN

[H+]   =   [H+] produced by acid-base reaction

CHOICE OF INDICATOR

1. Reaction between weak acid and strong base.

CH
3
– C – OH + NaOH   →→→→→   CH

3 
– C – ONa + H

2
O

At equivalence Point

Meq. of CH
3
 – C – OH   =   Meq. of NaOH

At equivalence point PH of resulting solution is greater than
7 due to basic salt (sodium acetate).

*   Equivalence point during titration of weak acid and strong
base is greater than 7 which is more close to end point of
HPH. Hence HPH is better indicator than methyl orange for
titration of weak acid and strong base.
2. Reaction between strong acid and weak base.

HCl +  NH
4
OH    →   →   →   →   →   NH

4
Cl  +   H

2
O

Strong acid                weak base            acidic salt
When meq. of HCl is equal to meq. of NH

4
OH, then

formation of acidic salt takes place. NH
4
Cl is acidic in nature

due to hydrolysis of NH
4

⊕⊕⊕⊕⊕ . Hence PH of solution at
equivalence point is equal to less than 7, which is more closer
to end point of MEOR. Hence MEOR is used as indicator
during titration of weak base & strong acid.

Theory of Indicator

HIN
IN

(IN–)
(HIN)

(IN–)
(HIN)

||
O

||
O

end point of HPH

equivalence point
 PH = 7.0

end point of MEOR –––→→→→→ Better indicator

º

[H+] [IN–]

[HIN]

[HIN] × Ka
[IN–]

| |
O

end point of HPH
equivalence point

end point of MEOR

º

÷

º

    ÷

By Acid Base Reaction

 PH = 7 (Neutral point)



PHYSICAL CHEMISTRY       By: Shailendra KumarPage No.: 2

Theory of Indicator

3. Reaction between strong acid and strong base.
HCl    +   NaOH ––→→→→→ NaCl   +   H

2
O

Neutral salt
When meq. of strong acid is equal to meq. of strong base,

then formation of neutral salt takes place, NaCl is neutral
salt due to no hydrolysis of Na+ and Cl–. Hence PH of solution
at equivalence point is equal to 7. Both end point of MEOR
and HPH are almost closer to equivalence point 7.0. Hence
both indicator used for titration of strong acid and strong
acid.
COLOUR DISPLAY OF INDICATOR DURING

ACID BASE REACTION
Human eye is sensitive to colour differences only when

the ratio of             is greater than 10 or smaller than 0.1.

For example: A particular indicator (HIN) is red in its HIN
form (acidic form) and blue in IN– form (basic form). Actually

colour of solution depends on the ratio of         which is

depends on concentration of H⊕⊕⊕⊕⊕  in solution.

     =         =        =        =        =       =        =        =        =

              B         B         R          R

* Minimum change in PH of the solution to observe a
complete colour change is 2.

Explanation:–

PH
1
   =   PKa   +   log

PH1   =   PKa   +   log10   =   PKa + 1

PH
2
   =   PKa   –   log           =  (PKa – 1)

∆∆∆∆∆PH   = PH
2
-PH

1

(a) Consider the following equilibrium for some hypothetical
indicator HIN, a weak acid with Ka = 1.0 × 10–8.

HIN(aq)   º   H⊕⊕⊕⊕⊕ (aq)   +   IN–(aq)
             Red        Blue

Q. Predict the ratio of             when few of drop of this

indicator is added in acidic solution which PH is 1.0 M

[H+] = 10–1 M.
SOLUTION:–

Ka   =

= = = 10–7

(Colour cannot be distunguished by human eye.)

* Microscopic colour change takes place when ratio

of              is         but not visual
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DOUBLE  INDICATOR
In the titration of alkali mixture e.g. NaOH + Na

2
CO

3
,

or (KOH + Na
2
CO

3
) & (Na

2
CO

3
 + NaHCO

3
) with strong acid

two indicators phenolphthalein (HPH) and methyl orange
(MEOR) are used. The indicator HPH is a weak organic acid
and gives end point between PH  8 to 10, while MEOR is weak
base indicates end point sharply between PH 3.1 to 4.4.

NaOH, Na
2
CO

3
 + HCl

NaOH + HCl →→→→→ NaCl + H
2
O (MEOR or HPH may be used)

Na
2
CO

3
 + HCl →→→→→ NaHCO

3
 + NaCl (MEOR or HPH may be used.)

NaHCO
3
 + HCl   →→→→→   NaCl + H

2
O + CO

2
 (Only MEOR used)

* Valance factor of Na
2
CO

3
 in this Reaction is 1;

(Na
2
CO

3→→→→→ NaCO
3
– + Na+).

Generally three types of problems asked in examination.

(i) Only MEOR is added from beginning

(ii) Only HPH is used from very beginning

(iii) MEOR is added after 1st end point with HPH

Consider reaction between  NaOH, Na
2
CO

3
   +     HCl

WORKING RULE
1. Only MEOR is added from beginning.

Meq. of HCl= Meq. of NaOH + Meq. of Na
2
CO

3
 +

    Meq. of NaHCO
3
 produced by Na

2
CO

3

= Meq. of NaOH + 2 × Meq. of Na
2
CO

3

(Meq. of NaHCO3 produced by Na2CO3 =Meq. of Na2CO3)

2. HPH is used from very beginning.
Meq . of HCl   =   Meq. of NaOH + Meq. of Na

2
CO

3

3. MEOR is used after 1st end point with HPH
NaOH + HCl   →→→→→   NaCl + H

2
O (HPH)

Na
2
CO

3
 + HCl   →→→→→   NaCl + H

2
O + NaHCO

3
 (HPH)

             (1st end point with HPH)
NaHCO

3
 + HCl   →→→→→   NaCl + H

2
O + CO

2

        (2nd end point with MEOR)
Meq. of HCl    =    Meq. of NaHCO

3
 produced by Na

2
CO

3

                 =   Meq. of Na
2
CO

3
(Meq. of NaHCO3 produced by Na2CO3 =Meq. of Na2CO3)
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Q. 50 mL of a solution, containing 1g each of Na
2
CO

3
, NaHCO

3
 and NaOH, was titrated with 1N HCl. What will be the volume

of HCl if:

(a) only phenolphthalein is used as indicator?

(b) only methyl orange is used as indicator from the very beginning?

(c) methyl orange is added after the first end point with phenolphthalein?

Solution:–

(a) Meq. of HCl = Meq. of NaOH + Meq. of Na
2
CO

3
 = Meq. of NaOH + Meq.of Na

2
CO

3

1 × v(ml) = 1/40 × 1000 + 1/106 × 1000 = 34.4 ml

(b) Meq. of HCl = Meq. of NaOH + Meq. of Na
2
CO

3
 + meq. of NaHCO

3
 produced by Na

2
CO

3
 + Meq. of NaHCO

3
 originally

         present

= Meq. of NaOH + Meq. of Na
2
CO

3
 + Meq. of Na

2
CO

3 
+ Meq. of NaHCO

3
 originally present

(Meq. of NaHCO
3
 produced by Na

2
CO

3 
= Meq. of Na

2
CO

3
)

= Meq. of NaOH + 2× Meq.of Na
2
CO

3 
+

 
Meq. of NaHCO

3
 originally present

1 × v(ml) = 1/40 × 1000 + 2 × 1/106 × 1000 + 1/84 × 1000 = 55.8 ml

(c) Meq. of HCl = Meq. of NaHCO
3
 produced by Na

2
CO

3
 + Meq. of NaHCO

3
 originally present

(Meq. of NaHCO
3
 produced by Na

2
CO

3 
=Meq. of Na

2
CO

3
)

= Meq. of Na
2
CO

3
 + Meq. of NaHCO

3
 originally present

1 × v(ml) = 1/106 × 1000 + 1/84 × 1000 = 21.3 ml

PROBLEM FOR PRACTICE
01. A mixture of KOH and Na2CO3 solution required 15 mL of N/20 HCl using phenolphthalein as

indicator. The same amount of alkali mixture when titrated using methyl orange as an indicator
required 25 mL of same acid. Calculate the amount of KOH and Na2CO3 present in solution.

[Ans:0.053 g Na2CO3 & 0.014 g KOH]

02. 200 mL of a solution of mixture of NaOH and Na2CO3 was first titrated with phenolphthalein and
N/10 HCl. 17.5 mL of HCl was required for the end point. After this methyl orange was added
and 2.5 mL of same HCl was again required for next end point. Find out amounts of NaOH and
Na2CO3 in mixture.

[Ans:– 0.06 g per 200 mL & 0.0265 g per 200 mL]

03. A solution contains Na2CO3 and NaHCO3. 10 mL of this required 2.0 mL of 0.1 M H2SO4 for
neutralization using phenolphthalein as indicator. Methyl orange is then added when a further
2.5 mL of 0.2M H2SO4 was required. Calculate the strength of Na2CO3 and NaHCO3 in solution.

[Ans:– 4.24 g litre–1 & 5.04 g litre–1]

04. A certain solution consists of Na2CO3 and NaHCO3. 30 mL of this required 12 mL of 0.1N H2SO4
using phenolphthalein as indicator. In presence of methyl orange, 30 mL of same solution required
40 mL of 0.1N H2SO4. Calculate the amount of Na2CO3 and NaHCO3 per litre in mixture.

[Ans:– 4.24 g litre–1 & 4.48 g litre–1]

05. A solution contains Na2CO3 and NaOH. Using phenolphthalein as indicator, 25 mL of a mixture
requires 19.5 mL of 0.005N HCl for the end point. If methyl orange is indicator, then 25 mL of
solution requires 25.9 mL of the same HCl for end point. Calculate concentration of each
substance in g per litre.

[Ans:– 0.1048 g/ litre & 0.1357 g/litre]


