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Volumetric analysis (titration analysis)

Is the most useful and accurate analytical techniques, especially for millimoles amounts
of analyte. They are rapid and can be automated, and they can be applied to smaller amounts
of analyte when combined with a sensitive instrumental technique for detecting the
completion of the titration reaction, for example, pH measurement.

In a titration the test substance (analyte) in a flash react with a reagent added from a buret
as a solution of known concentration.

This is referred to as a standard solution and is called the titrant. The volume of titrant
required to just completely react with the analyte is measured. Since we know the
concentration as well as the reaction between the analyte and the reagent, we can calculate
the amount of analyte.
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The requirements of a titration are as follows:-
(1) The reaction must be stoichiometric: That is, there must be a well-defined and known
reaction between the analyte and the titrant.

CH;COOH + NaOH - CH;COONa + H,0
(2) The reaction should be rapid. Most ionic reactions.
(3) There should be no side reaction, and the reaction should be specific.
(4) There should be a marked change in some property of the solution when the reaction is
complete. This may be a change in colour of the solution or in some electrical or other
physical property of the solution (by used indicator or pH meter).

(5) The point at which an equivalent or stoichiometric amount of titrant is added is called the
equivalence point. The point at which the reaction is observed to be complete is called the
end point, that is, when a change in some property of the solution.

(6) The reaction should be quantitative. That is, the equilibrium of the reaction should be far
to the right so that a sufficiently sharp change will occur at the end point to obtain the desired
accuracy. The equivalence point is the theoretical end of the titration where the number of
moles of titrant = number of moles of analyte. The end point is the observed end of the
titration.
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Standard solution: A solution is prepared by dissolving an accurately weighed quantity of a

highly pure material called a primary standard and diluting to an accurately known volume in
a volumetric flask.

A primary standard should fulfil these requirements:-

(1) It should be 100.00% pure, although 0.01 to 0.02% impurities is tolerable if it is
accurately known.

(2) It should be stable to drying temperature, and it should be stable indefinitely at room
temperature. The primary standard is always dried before weighing.

(3) It should be readily available and fairly inexpensive.

(4) Although not necessary, it should have a high formula weight.

(5) If it is to be used in titration, it should possess the properties required for a titration listed
above. In particular, the equilibrium of the reaction should be far to the right so that a very
sharp end point will be obtained.
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A solution standardized by titrating a primary standard is itself a secondary standard. It will
be less accurate than a primary standard solution due to the errors of titrations.

A high formula weight means a larger weight must be taken for a given number of moles.
This reduces the error in weighing.

Classification of volumetric or titrimetric methods:-

(1) Neutralization (acid-base) titrations. 3= E-aala s
(2) Precipitation titrations.c il usud

(3) Complexometric titrations.<ladaall (oS5 asus

(4) Reduction-Oxidation titrations.d 3ial-31uS) s
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No.of mole=M xV

No. of mmole=M xV 1,

mL
mole, wt (g) 1000(—) L
M( L ) = M.wt (g/mole) X vV(mL) Jall ==

aA+ bB—— product
b*mmolA = a*mmolB

b*(Mx V), =a*(Mx V)g

Example (1): A 0.471 g sample containing sodium bicarbonate NaHCO3;was dissolved
and titrated with standard 0.1067 M hydrochloric acid HCl solution, requiring 40.72
mL. The reaction is: HCO3 + H* - H,0 + CO,

Calculate the percent sodium bicarbonate in the sample (Mwt NaHCO; = 84.01 g/mol).

Solution:

millimoles NaHCO; = millimoles HCI

wt (g) B
(———g INatco; X 1000 = (M X V)¢
M. wt (ﬁ)
wt (g)
) X 1000 = 0.1067 X 40.72
84.01 (i)
mol
wt = 0.365 g
wt NaHCO; 0.365¢g
%NaHCO; = ——— —— X 100 =78.14%

X =
wt sample 0.4671¢g
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Example(2):A 0.2638 g soda ash sample is analyzed by titrating the sodium
carbonateNa, CO3; with the standard 0.1288 M hydrochloric solution, requiring 38.27

mL. The reaction is: CO%~ + 2H* - H,0 + CO,
Calculate the percent sodium carbonate in the sample(Mwt Na,CO;= 105.99 g/mol).

Solution: 2 * millimoles Na,CO; = 1 * millimoles HCl

millimoles Na,CO; = > millimoles HCl

1
(M X V)Nazcos =3 (M X V)HCI

_wt 1000

wt
(M. wt

1
) X 1000 = 5(0.1288 X 38.27)

wt=0.2612g
wt Na,C0; . 0.2612

— X
wt sample 0.2638

1
INa,co,X1000 = > (M X V)ya

( wt
105.99

X 100 = 99.02% Na,CO;

% N32CO3 ==

Example (3):How many millilitres of 0.25 M solution of H,SO, will react with 10 mL of
a 0.25 M solution of NaOH?

Solution:
H,SO, + 2NaOH — Na,S0, + 2H,0

One half as many millimoles of H,SO, will react one millimoles NaOH
2* (M X V)y,s0, = 1% (M X V)naon

1
(M X V)u,s0, = > M X V)naon

1
025 xV = (0.25 x 10) V = 5.0 mL H,S0,
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Acid-Base Titrations

Acid-Base titration involves a neutralization reaction in which an acid is reacted with an
equivalent amount of base at equivalence point or endpoint.
The titration is always a strong acid or strong base
A) Titration of strong acid versus strong base.
HCI + NaOH - NaCl + H,0
The equivalence point is where the reaction is theoretically complete. the endpoint where
the colour of indicator were changed.

Detection of the endpoint and equivalence point (selection indicators).
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Example (4): Calculate the pH at (0, 10, 90, 100, 110 mL) of 0.10M NaOH titrated with
100.0mL of 0.10M HCI with?
(1) At 0% titration: before addition of 0.1M NaOH
pH = —log[H*] = —log 0.1 = 1.0
(2) At 10 mL titration: before equivalence point
mmol NaOH added =M xV =0.1 x10 = 1.0
mmol HCl =M xV =0.1x100=10
mmol HCI remaining = mmol HCI total — mmol NaOH added
=10.0-1.0=9.0
mmol 9.0
Mt ==~ = 100+ 100
pH = —10g 0.0818 = 1.09
(3) At 90 mL titration: before equivalence point
mmol NaOH added =M xV = 0.1 X 90.0 =9.0
mmol HCl remaining (unreacted) = 10.0 — 9.0 = 1.0
mmol 1.0

Musr = =
HCI % 100 + 90.0
pH = —1log 0.00526 = 2.88

(4) At 100% titration: equivalence point
mmol NaOH added =M XV = 0.1 X 100 = 10.0
mmol NaOH added (10.0) = mmol HCI (10.0)
pH = 7 (neutrilization step)
(5) At 110 mL titration: after equivalence point
mmol NaOH added =M xV =0.1 X110 = 11.0

mmol NaOH remaining (excess) = 11.0 — 10.0 = 1.0

mmol 1.0
M = = = 0.00476M
NaOH v 100 + 110

pOH = —10g 0.00476 = 2.32
pH=14—-232=11.68

= 0.0818M

= 0.00526M
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Construction (plot) titration curve of strong acid versus strong base:-

The relationship between pH calculated for HCl remaining or unreacted (excess) or
NaOH on Y axis and the volume of titrant (0.1M NaOH) added on X axis, this curve called
titration curve. This curve used for estimation the equivalence point (theoretically) and
selection of the indicator for detecting the endpoint reaction by the colour change of the

indicator.
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Note: The selection of the indicator become more critical as the solution become more
dilute and the sharpness endpoint decrease as the concentration.
The point at which the reaction is observed to be complete at the indicator colour

where changed is called endpoint.
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Acid-Base indicators (also known as pH indicators):- are substances which change
colour with change pH. They are usually weak acids or bases, which when dissolved in
water dissociate slightly and form ions.
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Phenolphthalein is a colourless, weak acid which dissociates in water forming
pink anions. Under acidic conditions, the equilibrium is to the left, and the
concentration of the anions is too low for the pink colour to be observed. However,
under alkaline conditions, the equilibrium is to the right, and the concentration of the
anion becomes sufficient for the pink colour to be observed.
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Common Acid — Base Indicators

Indicator Approximate pH Range for | Color Change
Colour Change
Methyl Orange 3.2-4.4 Red to yellow
Bromthymol blue 6.0-7.6 Yellow to blue
Phenolphthalein 8.2-10 Colorless to pink
Litmus 5.5-8.2 Red to blue
Bromcresol green 3.8-54 Yellow to blue
Thymol blue 8.0-9.6 Yellow to blue
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Indicator % Low pH color # Transition pH range # High pH color %
Gentian violet (Methyl violet 10B) el ow 0.0-20 blue-vialet
Leucomalachite green {first transition) el ow 00-20

Leucomalachite green {second transition)  [IEEN 11.6-14 colorless

Thymol blue (first transitian) _ 12-28 el
Thymal blue {second transition) el 8096
hethyl yellow 2.9-4.[1 yellow
Bramophenol blue el ow 10-4.6
Congo red blue-violat 10-5.0 -

hethyl orange 31-4.4 el

Screened methyl orange (first transition) 00-3.2 -
Screened methyl orange (second transition) 3.2-4.2 -
Bramoctesol green el ow 16-5.4
Methyl red 4462 ellow

Azoltrin 1583
Bromacresal purple el h2-b0
Bramathymal blue el ow b.0-7.6
Phenol red yellow 6.4-80 T
Neutral red _ b.6-8.0 ellow

Maphthalphthalgin colorless to reddish 7.3-8.7 -
Cresol Red yellow 7288 reddisurgle
Phenalphthalein colorless 8.3-10.0 -
Thymolphthalein colorless 93-10.5
Alizarine Yellow R vellow 0220 [N
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