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1- Acid-base titrations using a pH meter
The change in pH during an acid-base titration may be followed with a pH meter, which is essentially a potentiometer for measuring the e.m.f of the cell:
Calomel electrode / solution / Glass electrode
The calomel electrode retains constant potential, while the glass electrode varies its potential with the hydrogen-ion concentration of the solution. 
Requirements
pH meter, 0.1 M NaOH, weak acid(acetic acid) , and buffer solutions.
Method
(a) Check the pH meter after rinsing the electrode assembly in distilled water by dipping the electrodes into a standard buffer solution. Adjust the pH meter so that its pH reading agrees with the stated pH of the buffer solution (use pH 4 and 7).
(b) Place 25 ml of the weak acid in a 250 ml beaker and dip in the electrodes, adding 50 ml of distilled water stir well and take a pH reading.
(c) Run in 1 ml of 0.1 M sodium hydroxide from a burette and, after stirring well, take another pH reading.
(d) Take pH reading after each 1 ml addition of sodium hydroxide until about 5 ml from the approximate end-point, when 0.2 ml should be made, and finally 0.1 ml additions when close to the end-point. Make further additions until about 10 ml beyond the end-point.
Calculations
Plot graphs of pH   against volume of sodium hydroxide added, note the pH at each end-point. Comment on the shape of the curves.
When the experiment is complete, the electrode must be left immersed in distilled water. 
2- Acid-base titrations for mixture acids (hydrochloric acid and acetic acid) using a pH meter
Requirements
pH meter, 0.1 M NaOH, strong and weak acid, and buffer solutions.
Methods
a) Check the pH meter after rinsing the electrode assembly in distilled water by dipping the electrodes into a standard buffer solution. Adjust the pH meter so that its pH reading agrees with the stated pH of the buffer solution (use pH 4 and 7).
b) Place 25 ml of the mixtures acids in a 250 ml beaker and dip in the electrodes, adding 50 ml of distilled water stir well and take a pH reading.
c) Run in 1 ml of 0.1 M sodium hydroxide from a burette and, after stirring well, take another pH reading.
d) Take pH reading after each 1 ml addition of sodium hydroxide until about 5 ml from the approximate end-point, when 0.2 ml should be made, and finally 0.1 ml additions when close to the first end-point.
e) Repeat (d) for the second end-point, Make further additions until about 10 ml beyond the second end-point
Calculations
Plot graphs of pH against volume of sodium hydroxide added; note the pH at each end-point. Comment on the shape of the curves.






3- End-point determination by conductometric titrations
In an acid-base titration, changes in conductance will be mainly due to changes in hydrogen or hydroxyl concentration. This is because the conductance of hydrogen or hydroxyl ions is appreciably greater than the conductance of other ions.
Requirements
Conductivity meter, 0.1 M NaOH, strong acid, 50 ml burette, 100 ml beaker.
Method
(a) Place a 25 ml aliquot of a strong acid in a 100ml beaker, and take a conductivity reading. 
(b) Add exactly 2ml portions of  NaOH from the burette to a total of 50 ml, stir the mixture well, and take a conductivity reading after each addition. 
(c) When the experiment is complete, rinse the conductivity cell well with distilled water and put away carefully.
Calculations
Plot a graph of conductivity in ohms-1 against titre in ml of acid; the graph can be taken as two straight lines which intersect at an ‘end-point’. What explanation can you offer of the relative slopes of the two lines? Determine the titre value at the ‘end-point’; does it correspond to the conventional indicator end-point?







4- Determination of the Faraday
The faraday is the amount of electricity corresponding to one mole of electrons, and its value can be estimated by the electrolysis of compounds.
A simple example is the electrolysis of copper sulphate solution between copper electrodes. The cathode reaction is: 


thus 2 Faraday are required to deposit 1 mole of cupper.
Requirements
Electrical equipment, as in fig. 1. 
The electrolyte is prepared by dissolving copper (II) sulphate pentahydrate in distilled water and adding concentrated sulphuric acid plus some milliliters of ethanol.
The electrodes consist of copper foil with a narrow tongue at one end for making electrical connections.

           
                                                 Fig.1


	Method
(a) Clean the electrodes by dipping briefly into 0.1N nitric acid. Then rinse well with pure water and ethanol before drying in an oven at 100 °. After cooling the cathode, weigh it accurately to the nearest milligrams.
(b) Set up the apparatus according to the circuit diagram (fig. 1) and have it checked before commencing the experiment. The variable resistor should be set to have maximum resistance in the circuit.
(c) Place the copper sulphate solution in a 150 ml beaker and dip in the electrodes. 
(d) When all is ready, note the precise time and switch on. Quickly adjust the variable resistor so that the current flowing is about (10 mA). The resistance is adjusted as necessary to maintain constant current value. 
(e) After about 20 minutes switch off the current, noting the precise time. 
(f) Carefully remove the cathode, rinse with distilled water and ethanol, then dry. After cooling the cathode weigh it accurately to the nearest milligram.

Calculations       From the relationship:         
F is the Faraday constant
I is the passed current in Amper
t is the time (sec)
A is the atomic weight of copper
W is the weight of deposited copper
Z is the equivalent number of copper.
Calculate the value of the Faraday in amp-hours, and also in amp-seconds.
(b) Calculate the electrochemical equivalent of copper from the relationship:

                                            
5- Molar conductivity of strong electrolyte
The variation of conductivity with concentration is studied quantitatively in this experiment using a salt of high conductance. The results are expressed as molar conductivity (Ʌ ohm-1 cm2 mole-1) which is equal to the specific conductivity of one mole of the salt at concentrations of M moles per litre.
The experiment may be carried out at room temperature or in a water bath at 25°.
Requirements
Conductivity meter, 100 ml beaker, 50 ml burettes, 0.1 M  hydrochloric acid, and distilled water.
Method
To carry out the experiment at room temperature:
(a) Set up the apparatus as for a conductometric titration according to fig. 1. Insert a thin piece of expanded polystyrene sheet between the stirrer and beaker to prevent heat transfer.

                                             
                                                      Fig.1
(b) Place exactly 40 ml of distilled water in the beaker and take a reading of conductivity.
(c) Add 0.1 M hydrochloric acid from the 50 ml burette and take conductivity reading when the following total volumes have been added 

	Total volumes of hydrochloric acid added
(V ml)

	1.0
2.5
5.0
10.0
20.0
30.0
40.0






Calculations
(a) Calculate the molarity (M) and molar conductivity (Ʌ) for each concentration; remember to subtract the conductance of the conductance water from the reading if significant. 
(b) Plot a graph of molar conductivity (Ʌ) against molarity, and also plot molar conductivity against the square root of molarity.
(c) From your graphs determine a value for molar conductance at infinite dilution (Ʌ°). Does hydrochloric acid behave as a strong electrolyte over the concentration range studied? Consult a textbook about the Debye-Hȕckel theory. 



6- Molar conductivity of weak electrolyte
Some acids and bases, especially organic, have very low conductance and their solutions contain undissociated molecules in equilibrium with the ions. 
For very weak electrolytes, the dissociation constant (Ka) can be determined from molar conductivity values (Ʌ) using the relationship:


This experiment can be carried out using acetic acid at room temperature.

Requirements
Conductivity meter, 100 ml beaker, 10 ml and 50 ml burettes, 0.1 M acetic acid, and distilled water.
Method
To carry out the experiment at room temperature, set up the apparatus as for a conductometric titration according to fig. 1. in experiment 2. Insert a thin piece of expanded polystyrene sheet between the stirrer and beaker to prevent heat transfer.
(a) Place exactly 40 ml of conductance water in the beaker and take a reading of conductivity.
(b) Add standard 0.1 M acetic acid from the 50 ml burette and take conductivity reading when the following total volumes have been added :




	Total volumes of acetic acid  added
(V ml)

	1.0
2.5
5.0
10.0
20.0
30.0
40.0


Calculations
(a) Calculate the molarity (M) and molar conductivity (Ʌ) for each concentration; remember to subtract the conductivity of the conductivity water from the reading if significant. 
(b) 
Plot a graph of against CɅ. According to the relationship in the introduction this should be a straight-line graph: 

                                                

Using the appropriate  value, determine the dissociation constant (K) of acetic acid at the temperature of your experiment.
Derive the relationship in the introduction. Consult a textbook about Ostwald’s Dilution Law.

How is  determined for acetic acid?






7- Solubility Determination by Conductance Method
Saturated solution of sparingly soluble salts can be regarded at ‘infinite dilution’ for conductance measurements. Hence: 


where Ʌ∞ is the molar conductivity at infinite dilution.
           ksat. is the specific conductivity of the saturated solution.
           Msat. is the molarity of the saturated solution.
Ʌ∞ is the sum of the conductivity of the separate ions Table (1); the conductivity of the saturated solution is measured and the molarity of the saturated solution is then readily calculated.

	Ion
	Atonic at 25° (ohms-1cm2mole-1)

	Ba2+
	130.0

	Ca2+
	119.0

	Pb2+
	139.0

	F-
	55.4

	SO42-
	160.0



Requirements
Conductivity meter, soluble salts (BaSO4, PbSO4, and CaF2).



Method
(a) Shake the purified salt (1g) with about 200ml of distilled water in a polypropylene bottle, and leave overnight in a water-bath at 25° to reach saturation.
(b) When the solution is saturated use three separate small portions to rinse a test tube, then transfer a larger portion by decantation, and clamp the test tube in the water-bath at 25°.
(c) Hold the electrode in the saturated solution, and take reading every half minute until constant, showing that thermal equilibrium has been established. Also take a reading for distilled water at 25°.


Calculations
Calculate the specific conductivity of the saturated solution, (remembering to subtract the conductivity of the distilled water from the reading), using the relationship:


and hence calculate the molarity of the saturated solution using the relationship given in the introduction. Also calculate the solubility product of the salt.






8- Determination of the degree of hydrolysis and hydrolysis constant of aniline hydrochloride in water conductometrically
A salt formed from weak acid or weak base will be partially or completely decomposed by interaction with water. This phenomenon is known as hydrolysis. Aniline hydrochloride salt is formed from a weak base (aniline) and a story acid (hydrochloric acid). Its reaction with water is 

                                                                (1)

                                                     (2)
The equilibrium constant of this reaction is:

                                                                        (3)
Since the concentration of water does not change appreciably, Keq [H2O] is almost constant and it is known hydrolysis constant Kh 

                                                                         (4)
The fraction of the salt that is dissociated into ions is called the degree of hydrolysis. If α is the degree of hydrolysis and c mol dm-3 the concentration of ammonium chloride solution:


Substituting these values in Eq. 4

                                                                                                 (5)
In this experiment procedure to determine the hydrolysis constant from conductivity measurements: 
Ʌm is the molar conductivity of the aqueous solution of aniline hydrochloride.
Ʌm' is the conductivity of unhydrolysed aniline hydrochloride.
ɅHCl is the molar conductivity of hydrochloric acid.
The molar conductivity of the aniline hydrochloride solution can be expressed as the sum of the molar conductivity due to unhydrolysed aniline hydrochloride and that of the hydrochloric acid produced.
If α is the degree of hydrolysis:



                                                                                   (6)
Equation 4 can then be used to determine the hydrolysis constant of the salt.
Requirements
Conductivity meter, aniline, aniline hydrochloride.
Method
(a) Measure the conductivity of (0.05 M) aniline hydrochloric [Prepare 50 ml of aniline hydrochloride at the concentration 0.05 M]
(b) Measure the conductivity of (0.05 M) aniline in water. [Prepare 100 ml of aniline at the concentration 0.05 M].
(c) Measure the conductivity of (0.05 M) aniline hydrochloride dissolved in (0.05 M) aniline. [Prepare 50 ml solution].



Calculations
(a) Calculate the conductivities and molar conductivities of the solutions.
(b) Calculate the degree of hydrolysis (α).
(c) Calculate the hydrolysis constant of the salt (ɅHCl = 426.0 S cm2 mol-1
(d) Calculate Kb of the base (aniline) from the following equation:
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