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Titration Theory
What are they?
In its simplest form ‘doing a titration’ (titrimetric analysis) is a practical method for determining the
concentration of a solution of a known compound.

It usually involves reacting this solution with the solution of another chemical, the accurate
concentration of which is known.

Consider the following general example. A@g) *+ Biag) = Products

In this example, Aiq could represent a solution of an acid and Bi.q could represent a solution of a
base. Now imagine that you are asked to find out the concentration of B.

According to the chemical equation shown above, we know that B reacts with A in a 1:1 ratio. We also
know that we can find out exactly how much A is needed to neutralise B as it will make the indicator
(phenolphthalein, methyl orange or litmus) change colour (the end point) when we have added just
enough A to B.

Chemical we are adding Chemical we are investigating
(normally in burette) (normally in conical flask)

We will write: concentration of A as ca and Concentration of B as cg
Volume of A as Va and Volume of B as Vs
Number of moles of A as na and Number of moles B as ng

Remember we are trying to work out the concentration of B (Cg)

1. At the start of the titration, we decide the volume of the unknown, B (V).
This is usually 25.0 cm?®. It is measured out into a conical flask using an accurate pipette.

2. We can only determine the concentration of B (Cg) if we can find out the number of moles of B,
(nB) that were in the 25.0cm?® sample we measured out in step one.

3. According to the chemical equation, the number of moles of B (N) that we neutralise must be
the same as the number of moles of A (Na) that we add from the burette (ratio 1:1)

ie. N8 = Na
So, we can solve the problem if we can find out Na

4. By doing the titration, we find the volume of added A (V) which is added from the burette (the
titre value). The concentration of A (Ca) which we know at the start is then used to calculate
the number of moles of A (Na) that has been added to neutralise B.

5. Now that we have worked out Na, and we know that this must be the same value as Ng, we
can now calculate Cg which is the thing that we were trying to find out by doing the titration.

/ E' Cs= B

VB
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known at start

—  —t*ca X
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Va=NaA = NB 4

worked out once
Na is calculated

1 A
found by titration ——— S~

calculated after titration is done

Sequence

Diagram to Illustrate Process

The chemical in the burette
is A.

We know the concentration
of A (Ca) at the start.

We choose the volume of
the unknown solution

B (V). It is usually 25.0cm?

BEFORE AFTER

N

After the titration, we know trm
volume of A added (titre value)
(Va).

And we know the concentration

of A (Ca).

We can now calculate the

number of moles of A (Na) that

have been added to neutralise
B.

Va X Ca=NA

l/

We now know how many\

moles of A (Na) were added
and this must be the same
as the number of moles of B
neutralised (end point)
according to the chemical
equation (1:1 in this case!)

At start of titration

At equivalence point

Na =N /

1A(aq) + 1Baq) =»Products
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A worked example:

You are asked determine the concentration of a solution of sodium hydroxide (we will call this, B).
You carry out a titration using a volume of 25.0cm? of the sodium hydroxide B in the conical flask.

You carry out a titration using some hydrochloric acid (in the burette) which is labelled with its
concentration 0.100 mol/dm? (we will call this, A).

You find, by accurate titration, that you need an average volume of 21.50 cm? of hydrochloric acid to
just make your indicator change colour.

1. What you do know at the start (before doing the titration)

volume of B (Vs) = cmi®and concentration of A (ca) = mol/dm?

2. What you know after the titration
volume of A as (Va) = cm?

3. What you can now calculate after the titration?

Nna=Va X Ca number of moles of A (na) = mol

4. What you can deduce from the chemical equation

1HCI + 1INaOH=> NaCl + H20 ratio of AiB =___

5. What you can deduce about the number of moles B, (ng)
number of moles of B, (ns) = mol

6. Now you can calculate the concentration of B, (Cg)!

Cs = ng

\/: /* concentratrion of B, (cs) = mol/dm? / E

You can apply this same sequence to any titration. The names of the chemicals
may differ but the same theory applies. It isn’t only applied to neutralisation
reaction, too!
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The same general sequence can be used for determining the unknown
concentration of any solution. Let’s call this compound U (for unknown).

You need to find a reaction where the unknown, U, reacts with a solution whose
concentration is known. Let’s call this compound, K (for known).

1. What you do know at the start (before doing the titration)

volume of U (Vu) = cm? and concentration of K (Ck) = mol/dm3

2. What you know after the titration

volume of K as (Vk) = cmd

3. What you can now calculate after the titration

Nk = Vk X Ck number of moles of K (nk) = mol
X

Don’t forget to divide V by 1000 if necessary!

4. What you can deduce from the chemical equation

xK +yU> Products ratio of KiU =x_ @y __

5. What you can deduce about the number of moles U, (nu)

number of moles of U, (nu) = mol

6. Now you can calculate the concentration of U, (cu)!

Com Y Y.
Vu ' concentratrion of U, (Cu) = mol/dm? h
~

Don't forget to divide V by 1000 if necessary!

All titration calculations are basically the same!
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Try to apply this sequence to the following examples. Each problem is
progressively less ‘scafolded’:

a) You are asked determine the concentration of a solution of lithium hydroxide (we will call this,
B).

You carry out a titration using a volume of 25.0cm? of the lithium hydroxide B in the conical
flask.

You carry out a titration using some nitric acid (in the burette) which is labelled with its
concentration 0.100 mol/dm? (we will call this, A).

You find, by accurate titration, that you need a volume of 27.30 cm? of nitric acid to just make
your phenolphthalein indicator change colour.

HNO3z + LiOH> LiNOz + H20

b) You are asked determine the concentration of a solution of potassium hydroxide.
You carry out a titration using a volume of 25.0cm? of the potassium hydroxide.
You run the titration using some sulfuric acid (in the burette) which is labelled with its
concentration 0.200 mol/dm?

You find that you need a volume of 27.30 cm? of sulfuric acid to reach the end point (the methyl
orange indicator turns from yellow to red). What is the concentration of the solution of
potassium hydroxide?

H2SO4 + 2KOH> K2S04 + H20

C) By tritation, it was found that 19.25cm?® of hydrochloric acid (concentration 0.150mol/dm?) was
needed to neutralise 25.0cm? of barium hyrdroxide solution (formula Ba(OH).!). Calculate the
concentration of the barium hydroxide solution. You will need to write a balanced equation for
the reaction.

WBD2020 chemistry.cramnow.com CramNow



