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Unit 1 and Unit Il — Conductance

Syllabus
Unit-1: Conductance-I

Arrhenius theory of electrolytic dissociation. Conductivity, equivalent and molar conductivity
and their variation with dilution for weak and strong electrolytes. Molar conductivity at infinite
dilution. Kohlrausch law of independent migration of ions. Debye-Hi{ckel-Onsager equation,
Wien effect, Debye-Falkenhagen effect, Walden’s rules.

Unit-11: Conductance-11

lonic velocities, mobilities and their determinations, transference numbers and their relation to
ionic mobilities, determination of transference numbers using Hittorf and Moving Boundary
methods. Applications of conductance measurement: (i) degree of dissociation of weak
electrolytes, (ii) ionic product of water (iii) solubility and solubility product of sparingly
soluble salts, (iv) conductometric titrations, and (v) hydrolysis constants of salts.

Short Questions

1. What is conductance (conductivity)? What are its units?

2. What is resistance and what is its relation with conductance?

3. Define specific conductance (electrolytic conductivity) and write its mathematical
expression and unit.

4. Define electrolytic conductivity (k) and mention its unit in CGS system. (BU 2022)

5. Define equivalent conductance (equivalent conductivity). Write the mathematical
expression in terms of specific conductance (conductivity) and also write its unit.

6. Deduce the relation between equivalent conductivity (Am), electrolytic conductivity (k)
and concentration (c, in moles per cc).

7. Define molar conductance (molar conductivity). Write the mathematical expression in
terms of specific conductance (conductivity) and also write its unit.

8. Define equivalent conductance and molar conductance. Mention their units in CGS
system.

9. Derive the relation between molar conductance and equivalent conductance.

10. What is cell constant? What is its unit? What is its mathematical expression in terms of
specific conductance and conductance?

11. If Aequ is equivalent conductivity and Am is molar conductivity, then

Aeqv (Al2(SO4)3)=......... Am (Al2(SO4)3).

12. Discuss variation of molar (or equivalent) conductance with dilution.

13. With dilution, the specific conductance of electrolytic solution ..........

14. Explain why equivalent conductance increases with dilution but the electrolytic
conductivity decreases.

15. Give reasons why there is no limiting value of electrolytic conductivity?

16. What do you understand by molar conductance at infinite dilution and what will be its
value for strong and weak electrolytes?

17. How will you differentiate strong and weak electrolyte?
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Define lonic mobility and write its unit.

Write the following cations in increasing order of their ionic mobility and also explain
your answer. Li*, Na*, H" and K".

The velocity with which anion moves under a potential gradient of 1 volt per cm in a
solution is called .........

Discuss Grotthus type mechanism of ion movement in solution.

The ionic mobility of H™ ion is very high in comparison to other ions, why?

Define Kohlrausch law of independent migration of ions. Write its mathematical
expression.

Discuss applications of Kohlrausch law.

Discuss Arrhenius theory of electrolytic dissociation.

Find a relation between molar ionic conductance and ionic mobility.

Write the definition and mathematical expression of transport number.

Write the mathematical expression of the relation between transport number and molar
ionic conductance.

Define transport number of cation and anion. Find the relation between them.

Will the transport number of CI" ion in 1 M solutions of HCI and KCI be same or
different? Explain your answer.

How are the transport numbers of cations and anions are related to their ionic
mobilities?

Transport number of Li* is smaller than K* ion. Explain.

Write the mathematical expression for degree of dissociation in terms molar
conductances.

If Ka is dissociation constant of weak acid and its concentration is ‘c’ moles dm™, then
[Ka/c]%is ......... (This is from lonic Equilibrium chapter of 1 semester.)

Ostwald dilution law is applicable to ......... electrolytes.

Molten electrolyte conducts electricity due to the presence .......

What is Walden’s rule?

Discuss the relation between molar ionic conductance and viscosity of solution.

What is Walden’s Rule? In which cases it is not applicable?

What will happen to the ionic conductance of an ion if temperature increases.

What are the conductometric titrations?

What is the principle of conductometric titrations?

Explain the conductometric titration of a strong acid with a strong base.

Discuss the conductometric titration of acetic acid vs NaOH.

Plot the graph of conductometric titration of HCI vs ammonium hydroxide.

Discuss the conductometric titration of a mixture of HCI and acetic acid vs NaOH.
State the statement of Debye-Hiickel theory of strong electrolyte.

Why does the conductance of strong electrolyte decrease with increase in
concentration?

As per Debye-Huckel theory, what are the factors those affect the ionic mobility of the
ions of strong electrolytes in its solution at higher concentrations?

Discuss asymmetric effect.

Discuss electrophoretic and viscous effect, which affect the ionic mobility.
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Write Debye-Huickel-Onsager equation for a uni-univalent strong electrolyte. Write the
equation for an aqueous solution at 25°C and discuss the variation of molar conductance
with respect to concentration using this equation.

Dispersion of conductance at high frequencies is ......... effect.

What is wien effect? What does happen to this effect if the concentration of electrolyte
is increased?

Discuss Debye-Falkenhagen effect. Or Discuss the effect of high AC frequencies on
conductance of a strong electrolyte.

Discuss Wien effect. Or Discuss the effect of high potential gradient on conductance.

Numerical Problems-
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The resistance of 0.01 M solution of an electrolyte was found to be 210 ohm at 25°C.
Calculate the molar conductance of the solution at that temperature. The cell constant
is 0.88 cm™,

The specific conductance of 0.01 M solution of acetic acid was found to be 0.0163 S
m? at 25°C. Calculate the degree of dissociation of the acid. Molar conductance of
acetic acid at infinite dilution is 390.7 x 104 S m? mol™* at 25°C.

The equivalent conductivities of a given sample of CH3COOH at 0.05 N and at infinite
dilution are 0.39 S cm? eqv* and 390 S cm? eqv! respectively. Calculate its degree of
dissociation.

A potential of 10 volts was applied to two electrodes placed 10 cm apart. A dilute
solution of ammonium chloride was placed between the electrodes when NH4* ion was
found to cover a distance of 1.60 cm in hour. What is the mobility of this ion?

For the strong electrolytes NaOH, NaCl and BaCl2, the molar conductances at infinite
dilution are 248.1 x 10% 126.5 x 10 and 280.0 x 10* S m? mol™? respectively.
Calculate A°m for Ba(OH)..

Calculate the transport number of Li* and Br ~ions when a current flow through an
infinite dilute aqueous solution of LiBr at 25°C, given the ionic mobilities of Li* and
Br ~ions at infinite dilutions are 4.01 x 108 and 8.09 x 10® m? V! s respectively.
The specific conductance of a saturated solution of silver chloride at 25°C after
subtracting the specific conductance of water is 2.28 x 10% S m™ Calculate the
solubility of silver chloride in grams per dm? at this temperature. A°magcr = 138.3 X
10* S m? mol* and Magcr = 143.5 g mol ™,

Long Questions

1.

Write notes on (i) Arrhenius theory of dissociation and (ii) High potential gradient. (BU
2023)

Derive Debye-Huckel-Onsager conductance equation for a solution of uni-uni valent
strong electrolyte.

(a) State and explain Kohlrausch’s law of independent migration of ions. (b) If Ao
values of NaCl, HCI and CH3;COONa are 126.45, 426.16 and 91.2 S cm? eqv
respectively, then calculate Ag value of CH3COOH.

Describe Hittorf’s method of determining the transport number of ions when (i)
electrodes are not attacked by ions (ii) electrodes are attacked by ions.

Discuss determination of transport number by moving boundary method.



6. Discuss the determination of ionic mobility by moving boundary method.

7. Explain conductance measurement method of determining solubility and solubility
product of a sparingly soluble salt.

8. Discuss the application of conductance measurement in determination ionic product of
water.

9. Discuss the following conductometric titrations along with graphs. (i) Strong acid vs
strong base; (ii) strong acid vs weak base; (iii) weak acid vs strong base; (iv)
precipitation reaction; (v) a mixture of strong and weak acid vs strong base. (Each bit
question can be asked as 2 marks question.)

10. How do you determine degree of dissociation of ionic product of water from
conductance?

Problems-

11. A decinormal solution of silver nitrate was electrolysed between platinum electrodes.
After passing a small current for two hours, a fall of concentration of 0.0005124 gram
equivalent occurred in the anodic solution. The mass of copper deposited in a copper
coulometer placed in a series was found to be 0.03879 gram. Calculate the transport
numbers of silver and nitrate ions in silver nitrate. (Equivalent mass of Cu = 31.8)

12. Calculate the transport numbers of H* ions and CI ions from the following data

obtained by the moving boundary method using cadmium chloride as the indicator
electrolyte. Concentration of HCI solution = 0.100 N; Mass of Ag deposited in the silver
coulometer = 0.1209 g; Movement of boundary = 7.50 cm; Cross section of the tube =
1.24 cm?,



Unit 111 and Unit IV — Electro Chemistry

Syllabus
Unit-111: Electrochemistry-I

Quantitative aspects of Faraday’s laws of electrolysis, rules of oxidation/reduction of ions
based on half-cell potentials, applications of electrolysis in metallurgy and industry.

Chemical cells, reversible and irreversible cells with examples. Electromotive force of a cell
and its measurement, Nernst equation; Standard electrode (reduction) potential and its
application to different kinds of half-cells. Application of EMF measurements in determining
free energy, enthalpy and entropy of a cell reaction, (ii) equilibrium constants, and (iii) pH
values, using hydrogen, quinone-hydroquinone, glass electrodes.

Unit-1V: Electrochemistry-I1

Concentration cells with and without transference, liquid junction potential; determination of
activity coefficients and transference numbers. Qualitative discussion of potentiometric
titrations (acid-base, redox, precipitation).

Electrical properties of atoms and molecules: Basic ideas of electrostatics, Electrostatics of
dielectric media. Clausius-Mosotti equation and Lorenz-Laurentz equation (no derivation),
Dipole moment and molecular polarizabilities and their measurements.

Short Questions

1. What do you understand by electrochemistry?

2. What is electrolysis?

3. Give a description of an electrolytic cell.

4. In an electrolytic cell, what are the charges of cathode and anode?

5. During electrolysis, ionic species move to which electrode?

6. What are oxidation and reduction processes? Discuss how do these help to pass the
electricity through electrolytes?

7. What will happen if electricity passes through molten NaCl?

8. What are the products of electrolysis of water in presence of sulphuric acid?

9. Write the applications of electrolysis in metallurgy and industry.

10. State the Faraday’s first law of electrolysis.

11. Write the Faraday’s second law of electrolysis.

12. Write the mathematical expression of first law of electrolysis and mentioned the terms
involved in it.

13. What is Faraday constant? Write the relation between charge of an electron and 1
Faraday.

14. Write relation between electrochemical equivalent and chemical equivalent (equivalent
weight).

15. What is electrochemical series? Discuss, how does it help to decide the preferential
discharge of ions at one electrode during electrolysis?

16. Discuss why does the Cu anode get dissolved during electrolysis of CuSO4 solution?

17. Discuss how is NaOH prepared by the electrolysis of aqueous solution NaCl?
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Predict the products of electrolysis of the following.
a) An aqueous solution of AgNOs with silver electrodes.
b) An aqueous solution of AgNO3 with platinum electrodes.
c) A dilute solution of sulphuric acid
d) An aqueous solution of cupric chloride using inert electrodes.
e) An aqueous solution of CuSO4 with platinum electrodes.
f) An aqueous solution of CuSO4 with Cu electrodes.
g) A dilute aqueous solution of NaCl with platinum electrodes.
h) A concentrated aqueous solution of NaCl with platinum electrodes.
i) A dilute aqueous solution of NaOH.

If Q is quantity of charge in coulombs and F is faraday, then the number of moles of
electrons is given by the formula..............

State Faraday’s first law and second law of electrolysis.

In electroplating, the article to be electro-plated is ............. Electrode.

What is indued polarization? Name two types of induced polarization.

The CGS and Sl units of dipole moment are respectively Debye (D) and Coulomb
meter. Hence ID=.......... Coulomb-meter. Or, What is the unit of dipolemoment?
What is a Galvanic cell (or electrochemical cell)?

What are the signs of cathode and anode in a galvanic cell?

Write the differences of Galvanic cell and electrolytic cell.

What are the reactions takes place at cathode and anode in a galvanic cell?

At which electrode, oxidation takes place.

What is Daniel cell? What is its cell reaction? Write the reactions those take place at
cathode and anode in this cell.

Write the conditions of a reversible galvanic cell.

In a galvanic cell, the cell reaction is in virtually equilibrium state. (True or False?)
What is the role of salt bridge in a cell?

What is a reversible electrode? Or, what is a half-cell?

Write the different types of electrodes.

Discuss a gas electrode. Or give a note on hydrogen (oxygen) electrode.

Write a note on calomel electrode (or metal-insoluble salt electrode).

Give an example of metal-metal ion electrode.

What are oxidation-reduction electrodes? Give examples.

What is the type of quinhydrone electrode?

What is single electrode potential?

Name the factors on which the electrode potential depends?

What do you understand by reduction potential and oxidation potential of an electrode?
What is the relation between them?

What is a standard electrode?

What is a reference electrode? Give examples of reference electrodes.

What is the potential of standard hydrogen electrode? Discuss its composition.

How is the electrode potential of an electrode is determined?

What is the potential of a cell in terms of electrode potential?

Write the mathematical relation between the change in free energy and Cell potential
(or EMF).

713
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How are AG, AH and AS of a cell reaction can be determined from the cell EMF?
Discuss.

Discuss the determination of AG®, AH® and AS® of a cell reaction.

AG® is related to E° cell as ..........

Find out the relation to calculate equilibrium constant of the cell reaction.

Derive the equation that shows effect of concentration of electrolyte on cell potential.
Or the Nernst equation of cell potential.

Derive the Nernst equation for the electrode potential.

What is standard electrode potential and electrochemical series?

Write which substance is used to oxidise fluoride to fluorine and why.

With an example, discuss, how is a galvanic cell represented and how are the cell
potential and cell reaction determined of such a cell?

Define mean ionic activity and derive mathematical expressions for mean ionic activity
coefficient of an electrolyte MxAy.

What is a concentration cell? Discuss the types of such cells with examples.

What will be the E°cen of a concentration cell?

Derive the mathematical expression of cell EMF of hydrogen (electrode) concentration
cell.

What is an electrolyte-concentration cell? Find out the equation to calculate the EMF
of the following electrolyte cell. Zn, Zn?* (a+)1 || Zn?* (a+)2, Zn

What are the different types of electrolyte concentration cells?

Construct one concentration cell with transference to determine transport number of the
cation directly.

What is Liquid Junction Potential? Where is it observed? Give its significance. Write
the equation to calculate its EMF.

What is the condition to choose an electrolyte for a salt bridge? Give two examples of
electrolytes those are being used for the preparation of salt bridge.

Discuss how transport number can be determined by EMF measurement.

The titrations in which the emf of a cell is measured with addition of a titrant are called
.......... titrations.

What is the advantage of potentiometric titrations?

Write the cell reaction for the cell: Al(s)|AI**||Sn?1\Sn(s).

Write Clausius-Mosotti equation for polar molecules and indicate the meaning notation
used.

Write the most general form of Lorentz-Lorenz equation for determination of molar
refractivity. Mention the meaning of notations used.

What is magnetic susceptibility? Write down any two application of it.

Problems-

1.

ok wd

Find the mass (or atoms) of copper deposited from copper sulphate solution by a current
of 0.25 ampere flowing for one hour. (At. Mass of Cu is 63)

How many coulombs are required for the following cases?

1 mole of Al+3 to Al

1 mole of MnO4- to Mn2+

To produce 20 gm of calcium from molten CaCI2

How many electrons are required for the oxidation of 1 mole of FeO to Fe203?

8|3



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

0.2015 g of Cu was deposited by a current of 0.25 A in 45 minutes. What is the
electrochemical equivalent of Cu? Also calculate the equivalent weight of Cu.

How much electricity in ampere is required to liberate oxygen gas at the rate of 1 ml
per second?

How many electrons are delivered to the cathode during the electrolysis by a current of
1 A in 10 minutes?

500 ml of 1 N solution of CuCI2 was electrolysed with a current of 2 amperes for two
hours. What is the normality of the remaining solution?

Two electrolytic cell containing silver nitrate solution and dilute sulphuric acid solution
were connected in series. A steady current of 2.5 A was passed through till 1.078 g of
Ag was deposited. How much electricity was consumed? How much time was needed
for this process to occur? What was the mass (or volume at NTP) of oxygen gas
liberated at the electrode of 2nd cell? Also calculate the mass of oxygen gas liberated
in both the cell? (At. mass of Ag is 107.8 and 1F = 96500 C)

When an electric current was passed simultaneously through acidulated water and
copper sulphate solution, weight of hydrogen and copper liberated are 0.0132 and
0.4164 g respectively. Calcuate the equivalent mass of Cu if the equivalent mass of
hydrogen is 1. (In some problem volume of hydrogen at NTP will be given instead of
mass)

The density of copper is 8.94 g/ml. Find out the number of coulombs needed to plate
an area 10 cm x 10 cm to a thickness of 10-2 cm, using copper sulphate solution as
electrolyte. (At. mass of Cu is 63.5)

A current of 0.4825 A is passed through metallic wire. What is the number of electrons
passing per second through a point on a wire?

What is the mass of Aluminium deposited in gram by 0.6 moles of electrons during
electrolysis of molten AICI3?

What is the mass of copper deposited (in gram) by 0.68 moles of electrons during
electrolysis of molten CuCl»?

The EMF of the cell, Cd, CdCl>.2.5H20 (saturated) || AgCI(s), Ag in which the cell

reaction is Cd(s) + 2AgCI(s) + ag & CdCl,.2.5H,0 (sat) + 2Ag(s),
is 0.6753 V at 25°C and 0.6951 V at 0°C. Calculate the free energy change (AG),
enthalpy change (AH) and entropy change (AS) of the cell reaction at 25°C.
Write the cell reaction and calculate E° for the cell;
Zn, Zn?*(1M) | Fe?*(1M), Fe?*(1M); Pt
Also calculate AG® and Kequil Of the cell reaction.
(Given E°(Zn?*,Zn) = -0.76 V and E°(Fe®*,Fe*) = 0.77 V)

Calculate standard emf of the cell Zn(s)| ZnSOa4(aq)|| CuSOa4(aq)|Cu(s); if E°(Zn/zn?")
= +0.76 volt and E°(Cu/Cu?*) = -0.35 volt.

Calculate the EMF of the following electrochemical cell at 25°C. Cu, Cu?* (c=0.1M) |
H* (c=0.01M), H2 (1 atm) ; Pt (take the required data from electrochemical series.)

Set up the electrochemical cell for the cell reaction Hx(g) + Cl2 (g) & 2HCI(aq) and
calculate the equilibrium constant of the reaction.



22. With the help of data given in electrochemical series, find out whether zinc and silver

23.

would react with dilute sulphuric acid or not.

Calculate the liquid junction potential at 25°C between two solutions of HCI having
mean ionic activities of 0.01 and 0.001, respectively. The transference number of H*
ion in HCI may be taken as 0.83.

Long Questions

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.
20.

Discuss the function of an electrolytic cell.

State the Faraday’s first law of electrolysis and discuss in details.

Write the Faraday’s second law of electrolysis and use it to find a relation between
equivalent weight and electrochemical equivalent.

Discuss the preferential discharge of ions at an electrode during electrolysis.

Discuss different types of reversible electrodes.

(a) What is Nernst equation for electrode potential for a metal-metal ion electrode? (b)
Calculate the potential of a half-cell consisting of Zn electrode in 0.01M ZnSO4 solution
at 25°C (Given E° = 0.76 volt).

Explain how AG, AH and AS of a cell reaction can be determined by emf measurement.
(BU 2022)

Explain how AG°, AH®, AS° and Kequii Of a cell reaction can be determined by emf
measurement.

Derive the Nernst equation for a chemical galvanic cell. Or, derive the relation shows
dependence of Ecen with the concentrations of electrolytes.

What are concentration cells? Derive the emf of a concentration cell with transference.
Derive the EMF of a concentration cell without transference.

Writes note on (i) liquid junction potential, (ii) Salt bridge.

Discuss determination of activity coefficients of electrolytes by emf measurement.
Determination of solubility product of sparingly soluble salts by EMF measurement.
Discuss.

Discuss how pH of a solution can be determined by using the following electrodes. (i)
Hydrogen electrode; (ii) Quinhydrone electrode; (iii) Glass electrode.

What is potentiometric titration? What are the advantages and limitations of this
titration process? How can the strength of an acid be determined by this process using
a standard alkali solution?

Discuss the oxidation-reduction titration process by EMF measurement.

Write notes on (i) electrochemical series, (ii) Faradays laws of electrolysis.

Write notes on (i) Molecular polarisation, (ii) Dipolemoment.

Give a brief account of magnetic susceptibility. Write its three applications.

10 | 3



