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Experiment 2

Potentiometric Titration
(pH meter)



Definitions:
e~

% Electrochemistry: Conversion of electrical energy (electricity) to chemical

energy (chemical reaction) or vice versa.
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N successive addition (volume) of titrant of known concentration till the endpoint.

+ Potentiometric titrations can be divided into four
categories based on the type of reaction taking place:
1. Complexometric titration @mplwh‘w fan
2. Precipitation titration P sbe
3. (Redoxtitration,  oxid i - pg‘}“czw o

4. Acid-Base titration -
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A cell for potentiometric determinations



U Potentiometric cell is compaosed of the following:

1) Two Electrodes:

« Standard Reference Electrode

. Working/Indicator Electrode (Sample)=> 3 =<' >°

2) Salt bridge : Junction - 2.
3) Wire

g

4) Voltmeter: measures AE (potential difference)

developed by the cell, between the indicator electrode

and the reference electrode.

U Potentiometry is governed by the !l/emst Equation
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Acid-Base Titration (Neutralization Titration)

This type of titration is used in potentiometry to calculate the concentration
of an acid/ base using another base/acid with a known concentration,

respectively. An acid and a base neutralize each otHer.

Burette I

+ This titration can be performed in two ways:

A. Using a potentiometer (pH meter)._,_ ;; Ji”;f" o

B. Using a color indicator Porgt
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<+ Standard reference electrode:

is a half cell with an accurately known constant electrode potential, that is
independent on (completely insensitive) the concentration of the analyte or any
other ions in the solute under study (ex: Calomel Electrodes anjfgilver-Silver
Chloride Electrodes). ] <

++» Indicator electrode:

is a half cell that develops a potential, that| depends| on the activity of the
analyte, and it r@Sponds ¢apidly and Ceproducibly to changes in activity of the
analyte ion (ex: metallic and membrane Ion Selective Electrodes : ISE - glass

electrode). @ @)l ) Epmeo Qs O
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+ Salt bridge:
Prevents the components of the analyte solution from mixing with those of the
reference electrode. Potassium chloride (KCl) is a nearly ideal electrolyte for
the salt bridge because the maobilities of the K*ion and Cl" ion are nearly equal.

Thus, canceling the potential that develops at each end of the bridge.
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pPH meters

Like any electrochemical cell, pH meter consists of two electrodes:

0 Reference electrode > Ag-AgCl electrode
A silver wire coated with a layer of silver chloride that is immersed m/@solution

saturated with AgCl)
Ag | AgCl(sat’d), KCl

2 Indicator electrode - Glass electrode which is made of (Silica-Si0z)
Since glass ismot a conductor, an internal reference electrode (Ag-AgCl) is placed
inside the glass electrode.
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a
@he GE bulb ' have SiOH groups. The interior surface of the glass

membrane is in contact with a constant concentration of HCL,
and so the number of Si0O- groups on the interior surface
remains constant.
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Acidic Solution - High concentration of H+ in the sample

pH inside is constant
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i
Alkaline Solution - Low concentration of H+ in the sampl d@
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pH inside is constant

Neutral Solution

Silver ago  A8°(silver metal of silver electrode)
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Summary

The binding or release of H+ ions on the inner ag? A8’ (silver metal of silver electrode)
hydration layer, affects the Oxidation or Reduction
of silver ions

(A - )
The oxidation / Reduction of silver ions causes Ag’ == Ag' + e
electrons to be either gained or lost by the /
electrode (This changes the voltage of the L Agt + CI 4——’AgCl) /
electrode)
Concentration of H+ ions in the outer | H+ -
solution affects binding of H+ ions on H* H

H+

the inner hydration layer
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pH titration of a weak acid against a strong base can be used for:

 Qualitative Analysis > determine the type of weak acid by its pKa

 Quantitative Analysis - determine the concentration of the weak aid
3 4




Four parts of titration curve
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At the volume (V') where (ApH/AV) has the maximum value in a first
derivative plot. (V’) is the average volume of two subsequent volumes.

A pH/ A volume of NaOH

13

First Derivative

Potentiometric Data
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10 15
volume of NaOH
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This plots the change
of pH divided by the
change in volume
versus the volume of
NaOH. This shows the
change in slope of the
titration curve as a
function of the added
volume of base.






Initial
reading

Glassware & Matenals ,.\ =
Burette
P T I—u-

} ~—— Titrant

U Stopcock T

Stand —

Each group will be supplied
by the following glassware:

g E. Flask Acid
Analyte
GLASSWARE CHEMICALS
10 ml volumetric pipette Unknown acid solution
Graduated Cylinder 50ml Distilled water
250 ml Erlenmeyer flask or Beaker 0.1 M NaOH
Burette

Stand for titration
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Calibration of the pH meter

Practically, For the accurate measurement of pH, the pH meter must be
calibrated

Once calibrated, the pH meter can now be used
for measuring the pH of unknown solution i pH =10

\ ) \ / \ /
pH=4 pH=7 pH=10
Buffer Buffer Buffer

For this the buffers with known pH are used



Procedure

Pipette 10ml of your unknown acid sample into a clean conical flask.

Ad @F’ tilled water to the sample.

Measure the pH of the solution in the canical flask before starting titration.

Titrate the above solution wit .IM NaOH ution in aE increment of 2ml and record the

pH value after each addition in a draft paper.
5. Continue the titration until the PH is greater than@

> WwN &

6. Determine the end point roughly.

7. Titrate the second sample solution by adding Tml of the titrant gradually until the
beginning of the potential jump, determined from the first trial is reached, then continue
adding NaOH in 0.2ml increment until the end of the potential jump determined from the first
trial is reached.

8. Continue the titration in Tml increment addition until the PH is greater than 125

9. Record the no. of mls of NaOH and the PH of the solution after each addition in the report

sheet.



Unknown
weak acid

Place 10 ml
of the
Unknown
ina 250ml 2.50

Add 50 ml
distilled water

Fill the burette
Wlth 0.1 M NaOH , ;

N

Titrate the solution with
0.1M NaOH solution in an
increment of 1 or 2ml

\/]

Record the pH value
after each addition
in a draft paper.

We will carry the titration
twice to determine the
equivalence point accurately

N
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Plot on a graph the
number of mls of NaOH
and the PH readings using
Excel worksheet.

\

Titration of Weak Acid

Equivalence
point pH

% Eq. point

0O

| 1 1 | | | | | 1 1
5 10 15 20 25 30 35 40 45 S50

Volume of 0.100 M NaOH added (mL)
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